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The Conversion of d-Glucose into d-Idose. 


229. The Conversion of d-Glucose into d-Idose. 
By W. H. G. Lake and S. Peart. 


The alkaline hydrolysis of 2-p-toluenesulphonyl $-methylglucoside leads to the 
formation of at least two anhydromethylhexosides, namely, 2 : 3-anhydro-f-methyl- 
mannoside and 3: 4-anhydro-8-methylaltroside. These products are isolated as the 
dimethyl derivatives. Treatment of dimethyl 3: 4-anhydro-B-methylaliroside with 
sodium methoxide gives 2 : 4 : 6-irimethyl 8-methyl d-idopyranoside, the constitution of 
which is established by oxidative methods. Crystalline tetramethyl d-idono-8-lactone 
and octamethyl di-d-idopyranose are described together with a number of syrupy deriva- 
tives of idose. Comment is made upon certain unusual properties shown by these 
derivatives. 


THE alkaline hydrolysis of 2-p-toluenesulphonyl $-methylglucoside gives 2 : 3-anhydro-f- 
methylmannoside (Lake and Peat, J., 1938, 1417), which is isolated as crystalline dimethyl 
2 : 3-anhydro-8-methylmannoside (Haworth, Hirst, and Panizzon, J., 1934, 154). This 
substance is always accompanied by a non-crystalline isomer, the constitution of which is 
the subject of the present communication. 

Hydrolysis of the syrupy dimethyl anhydromethylhexoside with sodium methoxide 
led to the isolation in 65% yield of a crystalline trimethyl methylhexoside which was 
shown by the following reactions to be 2:4: 6-trimethyl 8-methyl-d-idopyranoside (I). 
Methylation of (I) gave a syrupy tetramethyl methylhexoside (II); this was rapidly 
hydrolysed by aqueous acid and yielded a tetramethyl hexose (III), which also was non- 
crystalline. By the oxidation of (III) with bromine water, a crystalline tetramethyl 
hexonolactone (IV) was obtained. The tetramethyl hexose and the lactone derived 
from it both showed unusual properties which are discussed below. When the 
crystalline lactone was oxidised with nitric acid, there was obtained i-xylotrimethoxyglu- 
taric acid (V) and, in addition, a little l-dimethoxysuccinic acid (V1). These acids were 
separated and characterised as the methylamides. The formation of the trimethoxyglu- 
taric acid (V) proves that the lactone (IV) belongs to the 8-series and that therefore (III) 
is pyranose in structure and (II) and (I) are methylpyranosides. 
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It is seen that the acid (V) could be formed by the oxidation of a methylated sugar 
having the configuration of d-glucose, /-glucose, d-idose, or /-idose. Of these possibilities, 
d-glucose and /-glucose are excluded by a comparison of the properties of the tetramethyl 
sugar (III) and the tetramethyl lactone (IV) with the corresponding known derivatives of 
glucose. 

It has been shown that the crystalline trimethyl methylhexoside (I) must have a 
pyranoside structure. Moreover, since (I) is formed from a derivative of methylglucopyr- 
anoside by a series of reactions in which no scission of the pyranoside ring is observed, 
it is legitimate to conclude that the 6-methylhexopyranoside ring remains intact through- 
out and that no opportunity is afforded for a Walden inversion on C, to take place. Such 
an inversion is implied if (III) has the configuration of /-idose. It is clear, therefore, that 
the substance (I) is trimethyl methyl-d-idopyranoside and that the derivatives (II), (III), 
and (IV) retain the configuration of d-idose. 

Trimethyl 8-methyl-d-idopyranoside (I) was easily hydrolysed by aqueous acid to give 
trimethyl d-tdose (VII) as a syrup. Oxidation of the latter substance with bromine water 
yielded a syrupy lactone (VIII). It was evident that this lactone belonged to the 8-series, 
for on methylation with methy] iodide and silver oxide it was transformed into the crystal- 
line tetramethyl d-idono-8-lactone (IV). Inasmuch as the sugar (VII) is oxidised to a 
8-lactone (VIII) it is reasonable to conclude that in (VII) [and therefore in (I)] a methoxyl 
group is situated on C, and for that reason the formation of the more stable y-lactone is 
not possible. When the lactone (VIII) was treated with liquid ammonia, a syrupy amide 
was obtained which gave a negative Weerman test for «-hydroxy-amides, an indication of 
the presence of a methoxyl group on Cy. 

It is obvious that, if in the trimethyl idose (VII) methoxyl groups occupy positions 2 
and 4, the third methoxyl group must be situated on either C, or Cg. No direct evidence is 
available to distinguish between these alternatives. Nevertheless, formulation of (VII) as 
the 2: 3 : 4-trimethyl isomer would necessarily imply that, in the anhydromethylhexoside 
from which it is derived, the anhydro-ring involves C, and is situated, therefore, at positions 
3:6, 2:6,or4:6. The first possibility is excluded on the grounds that in all known 3 : 6- 
anhydro-sugars the anhydro-ring is stable to the action of sodium methoxide and the 
second and third types are regarded as highly improbable in this case not only for stereo- 
chemical reasons but also because it is difficult to envisage the production of a d-idose 
derivative from a d-glucose derivative through the intermediate formation of either of these 
anhydro-types. For these reasons the formulation of (VII) as 2:4: 6-trimethyl d-ido- 
pyranose is adopted. 

The conversion of d-glucose into d-idose requires that optical inversion should occur on 
Cy, Cs, and Cy. Such inversion would be the natural consequence of the intermediate for- 
mation and fission of two anhydro-ring compounds taking place in the following sequence. 
It is to be noted that the general principles already enunciated concerning the formation 
and fission of anhydro-ring systems are adhered toin this case. The first and chief product 
of the action of sodium methoxide on triacetyl 2-p-toluenesulphonyl 6-methylglucopyrano- 
side (X) is 2: 3-anhydro-§-methylmannoside (XI). It is from this product that the 
crystalline dimethyl derivative described in the earlier paper is derived. It is now to be 
postulated that in the presence of the excess of sodium methoxide, fission of the newly 
formed anhydro-ring occurs at the point indicated by the dotted line in formula (XI) and 
that moreover Na* replaces the H* of the alcoholic hydroxyl groups. The hypothetical 
intermediate (XII) is thus formed. In the subsequent rearrangement the negatively 
charged oxygen on C;, is involved in ring closure with the positively charged C, and con- 
comitant inversion occurs on C, with the production of (XIII). When the alkali is neu- 
tralised (as it is in the process of isolation), (XIII) gives 3 : 4-anhydro-$-methyl-d-altro- 
pyranoside (XIV). The syrupy dimethyl anhydromethylhexoside which is the subject 
of this communication is thus 2 : 6-dimethyl 3 : 4-anhydro-B-methyl-d-altropyranoside (XV). 
When this substance is treated with sodium methoxide under the specified conditions, 
fission of the anhydro-ring occurs, accompanied by Walden inversion. This rupture takes 
place chiefly at the bond (a) and 2: 4: 6-trimethyl §-methyl-d-idopyranoside (I) is formed. 
The evidence detailed above leaves no doubt that the trimethyl methylidoside (I) and 
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the tetramethyl methylidoside (II) are pyranoside in structure. Nevertheless in certain 

respects these glycosides exhibit properties which are usually more nearly associated with 

the furanoside type. For instance, both (I) and (II) are hydrolysable by aqueous acid with 

greater ease than are the corresponding $-methylglucopyranosides. Furthermore, tri- 

methyl idose (VII) behaves as a furanose sugar inasmuch as it is converted into trimethyl 
methylidoside by methyl-alcoholic hydrogen chloride in the cold. 
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When tetramethyl idopyranose (III) is distilled in a vacuum, a non-reducing disacchar- 
ide of the trehalose type is formed by the union through the reducing groups of two mole- 
cules of the tetramethyl hexose. Octamethyl di-d-idopyranose (IX) is obtained in large 
needle-like crystals. It has [«]p + 103° in water and it shows no mutarotation in aqueous 
solution. It is easily hydrolysed by n-acid and tetramethyl idose ([a]) + 21-7° in water) 
is thereby regenerated. Previous examples of this type of condensation under the action 
of heat are known, but in these earlier examples the methylated monosaccharide is in the 
furanose form. Thus, distillation of trimethyl lyxofuranose yields a crystalline hexamethyl 
disaccharide (Bott, Hirst, and Smith, J., 1930, 665) and tetramethyl galactofuranose gives 
an octamethyl digalactose (Haworth, Hirst, Jones, and Woodward, J., 1938,-1575). 

The isolation of a trimethoxyglutaric acid from tetramethyl idonolactone (IV) by 
oxidation with nitric acid affords indisputable evidence of its structure as a 8-lactone. 
Nevertheless the lactone shows no observable mutarotation in aqueous or in acetone- 
water solution. It behaves towards alkali titration in a manner characteristic of lactones, 
but the formation of the sodium salt thus effected is unattended by any change in the 
specific rotation ([«]p) — 32° in water). It would appear, indeed, that the lactone, the free 
acid, and the sodium salt of 2:3:4:6-tetramethyl idonic acid have the same specific 
rotation. The alternative explanation, namely, that the lactone ring shows an abnormal 
stability towards water or alkali, is contradicted by the fact that the correct value for the 
equivalent of the lactone is obtained by simple alkali titration. 


EXPERIMENTAL. 


The crystalline 4: 6-dimethyl 2: 3-anhydro-8-methylmannoside examined by Lake and 
Peat (loc. cit.) is prepared by the methylation of the product formed when 2-p-toluenesulphonyl 
B-methylglucoside is hydrolysed with sodium methoxide. The yield of the crystalline di- 
methyl anhydro-substance is not quantitative and it is always accompanied by a non-crystal- 
line material which’also has the composition of a dimethyl anhydromethylhexoside. The 
purest preparation of this syrupy material had n?}* 1-4552 and [a«]}%° — 21-0° in water (c, 2-1) 
(Found: C, 52-6; H, 8-1; OMe, 46-1. Calc. for  CyHy¢0r : C, 52- 9; H, 7-9; OMe, 45-7%). 

Hydrolysis with Sodium Methoxide.—The syrup (3-30 g.) was boiled for 20 hours with a 5% 
solution of sodium methoxide in dry methyl alcohol. The cooled solution was diluted with 
water and extracted repeatedly with chloroform. Evaporation of the dried chloroform extract 
gave a product which distilled at 130°/0-006 mm. asa colourless oil. The product was collected 
in three fractions, the total weight of distillate being 3-14 g. Fractions 2 and 3 crystallised 
during the distillation and fraction 1, which was more mobile, crystallised on nucleation. 
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Recrystallisation from ether—light petroleum yielded needles of a substance having m. p. 75° and 
fa] — 61-0° in chloroform (c, 1-43) and the composition of a trimethyl methylhexoside (Found : 
C, 51-2; H, 8-5; OMe, 52-1. C,9H,,O, requires C, 50-8; H, 8-5; OMe, 52-5%). This compound 
is shown below to be 2: 4: 6-trimethyl B-methyl-d-idopyranoside. The yield of crystalline 
material was 2-01 g. 

2:4: 6-Trimethyl d-Idose.—When the trimethyl methylidoside (1-60 g.) was heated at 90° 
with 5% sulphuric acid (60 c.c.), the following rotation changes were observed : [a]}J° (calc. on 
wt. of glycoside) — 56-3° (initial value); + 23-0° (} hour); + 31-1° (1 hour); + 31-1° (2 hours) ; 
-+ 28-1° (3 hours). The cooled solution was neutralised by being made faintly alkaline with 
barium hydroxide solution, carbon dioxide being subsequently passed through the solution. 
The filtered solution was evaporated to dryness, and the product extracted with chloroform. 
Evaporation of the chloroform yielded a syrup showing nf" 1-4725, [«]i8° + 26-6° in water 
(c, 4-0) and + 8-0° in chloroform (c, 3-56) (Found : OMe, 41-0. Calc. for C,H, ,0, : OMe, 41-9%). 

Trimethyl d-Idono-8-lactone.—Trimethy] idose (1-20 g.) was oxidised with bromine water at 
room temperature and the product, isolated in the usual way, was purified by conversion into 
the sodium salt and removal of unoxidised material by extraction with ether. Decomposition 
of the sodium salt with mineral acid yielded a trimethyl hexonolactone (1-0 g.), which distilled 
as an oil showing ®” 1-4743, [«]7° — 49-5° in chloroform (c, 3-46) and — 15-4° in water (c, 4-42) 
(Found: C, 48-7; H, 6-9; OMe, 41-5. Calc. for C,H,,0,: C, 49-1; H, 7:3; OMe, 42-3%). 
The substance behaved as a lactone on titration with alkali and gave an equivalent of 219 (a 
trimethyl hexonolactone requires equiv., 220). An aqueous solution of the lactone showed no 
mutarotation, although titration results showed that hydration to the trimethyl hexonic acid 
had occurred. It would seem that the lactone, the acid, and the sodium salt have the same 
specific rotation. 

2:4: 6-Trimethyl d-Idonamide.—Treatment of the trimethyl idonolactone (0-10 g.) with 
liquid ammonia gave a non-crystalline amide (0-08 g.), which had [a]}}° — 20-0° in chloroform 
(c, 1:81) (Found: OMe, 38-6. C,H,,O,N requires OMe, 39-3%). The amide gave a negative 
Weerman reaction for «-hydroxy-amides. 

Methylation of Trimethyl d-Idono-8-lactone.—The lactone (0-25 g.) when submitted to two 
treatments with Purdie’s reagents gave tetramethy] d-idono-8-lactone (0-17 g.), m. p. 91°, identical 
with that prepared as described below. 

Tetramethyl 8-Methyl-d-idopyranoside.—2 : 4: 6-Trimethyl 8-methylidoside (0-30 g.) was 
methylated by three treatments with methyl] iodide and dry silver oxide. The product, isolated 
in the usual way, distilled at 125°/0-02 mm. and showed n7* 1-4490, [a]i — 68-5° in chloroform 
(c, 3-08), — 49-0° in water (c, 3-23), and — 77-3° in methyl alcohol (c, 2-24) (Found : OMe, 61-2. 
Calc. for C,,H,,0, : OMe, 62-0%). 

Tetvamethyl d-Idopyranose.—Tetramethyl 6-methylidoside (2-30 g.) was heated at 90° with 
n-sulphuric acid (80 c.c.) and the hydrolysis was followed polarimetrically: [a]i/° — 51-0° 
(initial value); — 7-0° (4 hour); + 17-0° (1 hour); + 19-0° (2 hours); + 19-0° (3 hours) ; 
+ 18-0° (34 hours). After neutralisation of the cooled solution with barium hydroxide tetra- 
methyl d-idopyranose (2-10 g.) was extracted by chloroform from the residue left on evaporation 
of the aqueous solution. It was a syrup having n}}" 1-4620 and [«]}*.+ 21-8° in methyl alcohol 
(c, 2-12). This material contained a little of the disaccharide described below. 

Octamethyl Di-d-idopyranose.—The tetramethyl idose (2-1 g.) prepared as above described 
was submitted to distillation at 0-008 mm. pressure. At a bath temperature of 130° a thin 
colourless oil distilled. After a small amount of this fraction had collected, some frothing was 
observed in the residue and the rate of distillation became very slow. At a bath temperature 
of 180° the frothing ceased and a smooth distillation of the remainder of the material took place 
at 180—200°. Fraction (1), b. p. 130—180° (bath temp.), 0-43 g., njf7* 1-4619; fraction (2), 
b. p. 180—200° (bath temp.), 0-34 g.; fraction (3), b. p. 180—200° (bath temp.), 1-18 g. Frac- 
tion (3) crystallised during the distillation and fraction (2) partly crystallised on cooling. Crys- 
tallisation of fraction (3) from light petroleum gave octamethyl di-idose as fine needles, m. p. 
102°, [a]®" + 90-2° in chloroform, + 95-0° in methyl alcohol, and + 103° in water [Found : 
C, 52-5; H, 8-3; OMe, 54:3. C,,.H,4O,(O-CH;), requires C, 52-8; H, 8-3; OMe, 545%]. The 
disaccharide was non-reducing to Fehling’s solution, but became reducing after it was boiled 
with n-sulphuric acid. Fractions (1), (2), and the residue left after crystallisation of fraction 
(3) were combined and heated at 120°/5 mm. for 2 hours to accelerate any further conversion of 
the mono- into the di-saccharide. Distillation of the product of this treatment gave the fol- 
lowing fractions : Fraction (la), 0-30 g., n}*° 1-4600, [«]) ++ 43-6° (in methyl alcohol), OMe, 53-5% ; 
fraction (2a), 0-10 g., mp 1-4600; fraction (3a), 0-40 g.; fraction (4a), 0-46g. Fractions (3a) and 
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(4a) were partly crystalline and, after draining on a tile, 0-10 g. of the disaccharide was isolated. 
The total yield of recrystallised octamethy] di-idose was 0-6 g. 

The possible function of alkali in the condensation to form a disaccharide was investigated 
by heating tetramethyl idose (fraction la) with a trace of solid barium hydroxide. Decomposi- 
tion occurred and no disaccharide was isolated. 

Hydrolysis of Octamethyl Di-idose-——When the disaccharide (0-42 g.), dissolved in 0-1N- 
sulphuric acid (15 c.c.), was kept at room temperature for 15 hours, no change in rotation 
occurred. The solution was therefore heated on a boiling water-bath and slow hydrolysis was 
observed : [a]}7° + 101° (initial value); + 96-4° (} hour); + 90-7° (1 hour); + 85-0° (1} 
hours). The concentration of the acid was then increased to 5%, and the heating continued at 
90°: [a]}?° + 49-3° (2 hours); + 32-8° (24 hours); + 24-3° (3 hours); + 22-2° (34 hours) ; 
+ 20-8° (4 hours); -+ 20-8° (4} hours). The slow rate of hydrolysis corresponds to that of 
a pyranoside. The solution was partly neutralised with sodium bicarbonate and extracted 
fifteen times with chloroform. Evaporation of the dried chloroform solution gave tetramethyl 
idose as a syrup (0-38 g.), ni? 1-4610, [«]} + 14-1° in methyl alcohol (c, 3-32) and + 21-7° in 
water (c, 1-92) (Found : OMe, 51-3%). 

Hydrolysis of Tetramethyl B-Methyl-d-idopyranoside.—No change in rotation occurred when 
tetramethyl B-methylidoside (2-63 g.), dissolved in 0-1N-sulphuric acid, was kept at room tem- 
perature for 15 hours. Slow hydrolysis occurred, however, when the solution was heated at 90° : 
[a] — 50-0° (initial value); — 42-1° (4 hour); — 37-3° (1 hour); — 32-6° (1} hours). The 
acid concentration was increased to 5%, and the hydrolysis completed by heating for a further 
24 hours. The method of extraction was modified in order to minimise the tendency towards 
disaccharide formation. The cooled solution was partly neutralised with sodium bicarbonate 
and thereafter the solution, which was still acid in reaction, was extracted with chloroform 
(15 times). The tetramethyl d-idose so isolated was a syrup (2°45 g.), ni8° 1-4614, [a]}>° + 14-5° 
in methyl alcohol (c, 4-15) and + 22-0° in water (c, 6-69) (Found : OMe, 51-5%). 

Tetrvamethyl d-Idonolactone.—Pure tetramethyl d-idose (1-30 g.) was oxidised with bromine 
water at room temperature; the non-reducing product, isolated in the usual way, crystallised 
spontaneously. It separated from ether-—light petroleum in large colourless prisms, m. p. 91°, 
[«]i®° — 52-6° in chloroform (c, 1-71) and [a«]}3*° — 32-0° in water (c, 3-18). It had the composi- 
tion of a tetramethyl hexonolactone (Found : C, 51-6; H, 7-6; OMe, 52-7. C, 9H,,0, requires 
C, 51-3; H, 7-7; OMe, 53-0%) and a molecular-weight determination by the X-ray method 
showed the lactone to be unimolecular. Titration of the substance with alkali followed the 
usual course of the titration of a lactone: approximately half of the alkali was neutralised 
immediately and thereafter the absorption of alkali at room temperature became much slower 
but eventually reached completion. The total alkali required represented an equivalent of 232. 
The equivalent of a tetramethyl hexonolactone is 234. The crystalline material is therefore 
a lactone and not an acid and the oxidation experiments described later show that the lactone 
belongs to the 8-series. Nevertheless, the lactone does not mutarotate in aqueous solution. 
The following experiments demonstrate this fact : 

1. An aqueous solution of the lactone was kept at room debaiiesisidlg. for 48 hours and no 
change in rotation occurred. Titration of the solution with alkali gave the correct equivalent 
and showed that both acid and lactone were present. 

2. To the lactone was added one equivalent of 0-1N-sodium hydroxide solution, and the 
solution kept overnight. The rotation was unchanged. Phenolphthalein was then added to 
the solution and the resulting pink colour was discharged by the addition of one drop of 0-1N- 
acid. It was evident that the lactone had been converted into the corresponding sodium salt 
without an observable change in the optical rotation. The same result was obtained when the 
neutgalised lactone was heated for 1 hour. 

. To investigate the possibility of a very rapid and complete hydrolysis of the lactone in 
aqueous solution, a solution of the lactone in acetone was prepared and to this was added an 
equal volume of water. The rotation of the aqueous acetone solution was observed within 1 
minute of mixing. The value was [a«]}*” — 40-9° (c, 2-3) and did not change overnight. After 
dilution with water, the solution was titrated with alkali. The correct equivalent was observed. 

Attempts to convert the lactone into the corresponding amide by treatment with liquid 
ammonia or with methyl-alcoholic ammonia yielded only syrupy products. 

The Oxidation of Tetramethyl d-Idono-8-lactone with Nitric Acid.—The lactone (0-75 g.) was 
dissolved in nitric acid (d 1-42) (8 c.c.), and the solution heated on a water-bath. The tempera- 
ture was raised during 45 minutes from 55° to 90° and maintained at that level for 14 hours. 
The solution was diluted with water and evaporated at constant volume for 12 hours at 40° to 
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remove nitric acid. The water was then replaced by methyl alcohol during 4 hours, and the 
solution finally evaporated to dryness. The syrupy product was boiled for 6 hours with 2% 
methyl-alcoholic hydrogen chloride. The solution was neutralised and evaporated and the 
residue was extracted with chloroform. The extract, after removal of the solvent, was distilled 



















Fraction. Weight, g. ny % OMe. [a] in methyl alcohol. 
1 0-162 1-4390 59-8 —25-1° 
2 0-189 1-4417 59-5 —15-5 
3 0-114 1-4440 57-5 — 14-5 
4 0-105 1-4500 54-3 — 23-3 





at (bath temp.) 118°/0-04 mm. Each fraction was separately treated at 0° for 24 hours witha 
saturated solution of methylamine in dry methyl alcohol. The solvent was then removed in a 
vacuum desiccator, and the product crystallised from ethyl acetate. From fraction (1) there 
was obtained /-dimethoxysuccinomethylamide (m. p. 205°, alone or in admixture with an authen- 
tic specimen; [a]}*" — 130° in water) and i-trimethoxyxyloglutaromethylamide (m. p. 166°, 
alone or in admixture with an authentic specimen; [a]}** + 0° in water. Found: C, 48-3; 
H, 7:8; N, 11-2; OMe, 37-3. Calc. for C,,H,,0,N,: C, 48-35; H, 8-1; N, 11-2; OMe, 37-5%). 
Fractions (2) and (3) gave further quantities of i-trimethoxyxyloglutaromethylamide, which was 
also obtained in small amount from fraction (4). 
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for the Preparation of Tetra-arylethylene Sulphides. 






By ALEXANDER SCHONBERG and MOHAMED ZAKY BARAKAT. 






Tetra-arylethylene sulphides (II) can be readily prepared by the action of hydrogen 
sulphide on boiling alcoholic solutions of 2: 2: 5: 5-tetra-aryl-2 : 5-dihydro-1 : 3: 4- 
oxadiazoles (I). 






WE have already shown (Ber., 1938, 71, 995) that the compound obtained by treating 
benzophenoneoxime with alkaline potassium ferricyanide solution and formerly known as 
diphenylketazine oxide (von Auwers and Wunderling, Ber., 1933, 66, 538; 1934, 67, 497) 
is in reality the tetraphenyldihydro-oxadiazole (I, R = Ph). 

When dry hydrogen sulphide is passed into a boiling alcoholic solution of (I), the 
tetra-arylethylene sulphide is formed and often crystallises directly or on cooling : 


1 NC —> |i ] —s Re II. 
(I.) N-CR, NCR, Ss Ng + tr (II.) 

Tetra-arylethylene sulphides have hitherto been prepared from diaryl thioketones 
(compare Schénberg, Annalen, 1927, 454, 37; Ber., 1927, 60, 2351) and the new method 
is of special value in those cases where the thioketones are not known or can only be obtained 
with difficulty. 





















EXPERIMENTAL. 


Tetraphenylethylene Sulphide (II, R = Ph).—Into a solution of 2: 2:5: 5-tetraphenyl- 
2 : 5-dihydro-1 : 3 : 4-oxadiazole (1-5 g.; prepared by von Auwers and Wunderling’s method, 
loc. cit.) in boiling ethyl alcohol (40 c.c.), washed and dried hydrogen sulphide was passed for 
24 hours. The bright yellow colour of the solution changed through blue and green to pale 
yellow and, on cooling, colourless needles were deposited. These were washed with a little 
alcohol and recrystallised from petroleum (b. p. 70—80°) or chloroform-light petroleum (b. p. 
35—50°), tetraphenylethylene sulphide (1-36 g.), m. p. 178—179°, being obtained (Found : 
C, 85-9; H, 5-6; S, 86. Calc. for CygH,S: C, 85:7; H, 5-5; S, 88%). Staudinger and 
Siegwart (Helv. Chim. Acta, 1920, 8, 833) give m. p. 175°, 
Tetra-p-tolylethylene sulphide, which crystallised from light petroleum (b. p. 50—60°) in 
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colourless needles, m. p. 194—195° (Found: C, 85-8; H, 6-6; S, 7-6. C,,H,,S requires C, 
85-7; H, 6-7; S, 7-6%), soluble in benzene, chloroform, and carbon disulphide and sparingly 
soluble in alcohol, ether, and carbon tetrachloride, and tetra-anisylethylene sulphide, m. p. 
210° (not sharp; yellow melt), identical with that prepared by Schénberg (loc. cit.) 
(Found: C, 74:6; H, 5-3; S, 64. Calc. for C3H,,0,S: C, 74-4; H, 5-8; S, 66%), were 
prepared in a similar way from the two following compounds. 

2: 2:5: 5-Tetra-p-tolyl-2 : 5-dihydro-1: 3: 4-oxadiazole (I, R = C,H,Me).—Di-p-tolyl 
ketoxime (5 g.; 1 mol.), dissolved in alcohol (150 c.c.), was added to 10% aqueous sodium 
hydroxide (3 mols.) and stirred mechanically during and for } hour after the addition of 25% 
potassium ferricyanide solution (1 mol.) drop by drop. Water (300 c.c.) was then added, the 
whole shaken and left for 2 hours in the ice-chest, and the yellow product collected and dried 
on a porous plate. After extraction with ether to remove di-p-tolyl ketone, it was c i 
from benzene and petroleum (b. p. 70—80°), 2:2: 5: 5-tetra-p-tolyl-2 : 5-dihydro-1: 3: 4- 
oxadiazole separating in yellow cubic crystals (1-7 g.), m. p. 177—178° (efferv.) (Found: C, 
83-7; H, 6-7; N, 6-3. C,9H,,ON, requires C, 83-3; H, 6-5; N, 6-5%), readily soluble in hot 
methyl and ethyl alcohol and difficultly soluble in petroleum (b. p. 70—80°) and ether. 

2:2:5: 5-Tetra-anisyl-2 : 5-dihydro-1 : 3: 4-oxadiazole was similarly prepared from pp’- 
dimethoxybenzophenoneoxime (5 g.). The product was extracted with acetone to remove the 
ketone and then crystallised from alcohol at 50°; it formed bright yellow needles (1-5 g.), m. p. 
174° (decomp.) (Found: C, 72-5; H, 5-6; N, 6-0. C,,H,,0,;N, requires C, 72-6; H, 5-6; N, 
5-6%), easily soluble in benzene, chloroform, carbon disulphide, and pyridine and sparingly 
soluble in petroleum (b. p. 70—80°) and acetic acid. 
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231. Triterpene Resinols and Related Acids. Part VII. 
By D. E. SEymour, K. S. SHARPLES, and F. S. SPRING. 


Oxidation of a-amyrenyl benzoate (I) with hydrogen peroxide is shown to give 
the saturated ketone a-amyranonyl benzoate (II), which, like B-amyranonyl acetate 
(Part VI, this vol., p. 1045), is partially dehydrogenated on treatment with bromine 
to yield the «f-unsaturated ketone iso-x-amyrenonyl benzoate (III). The latter, 
on reduction with sodium and amyl alcohol, followed by treatment of the product 
with acetic anhydride, is converted into «-amyradienyl acetate (V), identical with that 
previously prepared from a-amyrenonol (IV) (Part IV, J., 1937, 249). This series 
of reactions emphasises the similarity in properties of the a- and $-amyrenols and 
points to a close structural resemblance of the unsaturated rings of these alcohols. 
Nevertheless, the unsaturated centre of the «-isomer is considerably less reactive 
than that of the B-isomer. 


TREATMENT of $-amyrenyl acetate and of $-amyrenol with perbenzoic acid gives the 
saturated ketones 8-amyranonyl acetate and f-amyranonol respectively (Spring and 
Vickerstaff, J., 1934, 1859; Picard, Sharples, and Spring, J. Soc. Chem. Ind., 1939, 58, 
58; this vol., p. 1045). «-Amyrenol, on the other hand, is considerably more stable than 
the B-isomer; it is unaffected by perbenzoic acid (Ruzicka, Silbermann, and Furter, 
Helv. Chim. Acta, 1932, 15, 482) and we find that its acetate is unchanged after prolonged 
treatment with the same reagent. In the same way, a marked difference in reactivity has 
been noted when «-amyrenyl acetate and f-amyrenyl acetate are treated with hydrogen 
peroxide, the latter being oxidised to 8-amyranony] acetate (Spring, J., 1933, 1345; Picard, 
Sharples, and Spring, Joc. cit.), whereas the former is not changed under the same experi- 
mental conditions (Spring and Vickerstaff, loc. cit.; cf. Ruzicka, Miller, and Schellenberg; 
Helv. Chim. Acta, 1939, 22, 760, footnote 6). By a change in the experimental conditions 
we have now enforced the oxidation of a-amyrenyl acetate with hydrogen peroxide; the 
yield of crystalline oxidation product is small and its nature will be reported upon later. 

Oxidation of «-amyrenyl benzoate with hydrogen peroxide proceeds more smoothly 
than in the case of the acetate, giving a mixture of the saturated ketone «-amyranonyl 
benzoate, C37H;,0, (II), m. p. 205—206°, and a much smaller amount of a compound, m. p. 
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302—304°, which has not been examined. As in the case of f-amyranony]l acetate, the 
carbonyl group of «-amyranony] benzoate is inert, failing to react with alcoholic solutions of 
semicarbazide acetate or hydroxylamine. «-Amyranonyl benzoate is unchanged after 
treatment with acetic anhydride and pyridine, but on reduction with sodium and amyl 
alcohol it gives dihydroxy-«-amyrane, m. p. 199—201°, characterised by the formation of its 
diacetate, m. p. 203—205°, neither of which gives a coloration with tetranitromethane in 
chloroform. We have previously shown that the ethenoid linkage of «-amyrenol is 
immediately adjacent to a methylene group, since oxidation of «-amyreny] acetate (I) with 
chromic anhydride gives the «$-unsaturated ketone, «-amyrenonyl acetate (IV) (Spring 
and Vickerstaff, J., 1937, 249). The formation of the saturated ketone a-amyranonyl 
benzoate by oxidation of «-amyrenyl benzoate with hydrogen peroxide may be interpreted 


to indicate that the ethenoid linkage of «-amyrenol is of the type —C—C—CH,— as in the 
case of B-amyrenol, in order to account for the facility with which the intermediate diol is 
dehydrated to the saturated ketone. . 

Treatment of a-amyranonyl benzoate with bromine gives the «$-unsaturated ketone 
iso-a-amyrenonyl benzoate (III), m. p. 205—206°,a behaviour similar to that of B-amyranonyl 
acetate and of methyl ketoacetyldihydro-oleanolate (Picard, Sharples, and Spring, Joc. 
cit.). It is worthy of comment that the melting points of «-amyranonyl benzoate and of 
tso-a-amyrenonyl benzoate are indistinguishable, as are those of B-amyranonyl acetate 
and iso-8-amyrenony] acetate, although, in contrast to the latter pair,.a marked depression 
is observed on admixture of the former pair; the analogously constituted compounds 
methyl ketoacetyldihydro-oleanolate (193—195°) and methyl isoketoacetyloleanolate 
(203—204°) differ appreciably in melting point. Hydrolysis of tso-«2-amyrenonyl benzoate 
gives isO-a-amyrenonol, m. p. 236—238°, further characterised by the formation of its 
acetate, m. p. 276-5°. iso-«-Amyrenonol exhibits the typical absorption spectrum of an 
«§-unsaturated ketone. 


%) yp 


YN 
CH, 


(VIa.) 


Reduction of #so-«-amyrenonyl benzoate with sodium and amy] alcohol, followed by 
treatment of the product with acetic anhydride, gives «-amyradienyl acetate (dehydro-«- 
amyrenyl acetate) (V) identical with that prepared by reduction of «-amyrenonol (IV) 
(Spring and Vickerstaff, 1937, loc. cit.). «-Amyradienyl acetate was shown by Beynon, 
Sharples, and Spring (J., 1938, 1233) to contain a conjugated system of two ethylenic link- 
ages situated in One ring and not distributed between two rings, since it exhibits intense 
absorption with a maximum at 2800 A., log « = 4-057. It has recently been shown by 
Ruzicka, Miiller, and Schellenberg (Helv. Chim. Acta, 1939, 22, 767) that treatment of 
a-and $-amyrenonol (IV) with methylmagnesium iodide, followed by acetylation of the 
products, give “‘ a- and $-methyl dehydro-acetates ’’ respectively, which exhibit intense 
absorption at 2400 A., log « = 4-3, from which the conclusion is drawn that the conjugated 
system of the ‘‘ methyl dehydro-derivatives ’’ is distributed between two adjacent rings. 
In the light of the established structures of the «- and $-amyrenonols and their conversion 
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into the corresponding amyradienyl acetates (V) it appears to us highly probable that the 
‘methyl dehydro-acetates ’’ are in reality methylene-amyrenyl acetates of the structure 
(VI), dehydration of the intermediate tertiary alcohol (VIa) proceeding with formation of 
an exocyclic methylene group as in the case of 7-ketocholesteryl acetate, which on treat- 
ment with methylmagnesium iodide gives 7-methylenecholesterol (Bann, Heilbron, and 
Spring, J., 1936, 1274). The latter, like the dehydro-compounds described by Ruzicka, 
Miiller, and Schellenberg, exhibits an absorption maximum at 2360 A., log « = 4:3. 


EXPERIMENTAL. 


All melting points are uncorrected. 

a-Amyranonyl Benzoate.—a-Amyrenyl benzoate (m. p. 194°, 10 g.) in glacial acetic acid 
(300 c.c.) was treated with 80 c.c. of a solution of hydrogen peroxide (60 c.c.; 30%) in glacial 
acetic acid (60 c.c.), added uniformly during 15 minutes, after 2 hours the remainder of the 
hydrogen peroxide solution was added during 10 minutes, and after 1 hour the mixture was 
largely diluted with water. All these operations were done at the temperature of the steam- 
bath and stirring was continuous throughout. The solid was collected, washed with water, and 
extracted with boiling acetone. The insoluble residue was crystallised four times from chloro- 
form—methyl alcohol (1: 1), from which an unidentified compound separated in plates, m. p. 
302—304° (yield, 5%) (Found: C, 77-3, 77-2, —; H, 8-5, 8-85, 8-4%). On standing, the ace- 
tone extract deposited «-amyranonyl benzoate in needles, m. p. 205—206° after six crystallisations 
from acetone, [a]}?* +4- 113-6° (1 = 1, c = 0-66 in chloroform). It did not give a coloration 
with tetranitromethane in chloroform (Found: C, 81-2; H, 9-8. C,,H,;,O, requires C, 
81-3; H, 10-0%). Under as far as possible the same experimental conditions, the yield of 
a-amyranonyl benzoate varied considerably; in one experiment it was at least 70%, whereas 
in several others it was 20—30%. In one experiment, when the oxidation was complete, water 
was added to the hot solution until it became opalescent, and the solution cooled. The fine 
needles separating had m. p. 190—195° and after three crystallisations from acetone gave 
a-amyranonyl benzoate, m. p. 205—206° (Found: C, 81-2; H, 10-0%). The aqueous acetic acid 
mother-liquor was largely diluted with water, and the solid that separated was collected and 
taken up in hot acetone. The crystalline solid obtained was recrystallised from chloroform- 
methanol, from which the compound, m. p. 302—-304°, separated in plates. 

Dihydroxy-a-amyrane.—a-Amyranonyl benzoate (4 g.) in boiling amyl alcohol (technical, 
50 c.c.) was treated with sodium (4 g.). After 30 minutes sodium (4 g.) was again added, 
and the mixture boiled for 1 hour, further additions of amyl alcohol being made from 
time to time. The sodium amyloxide was decomposed by the addition of water and the 
amyl alcohol, after being washed repeatedly with water, was removed in steam, leaving the 
crude diol as a brittle solid. After four crystallisations from methyl alcohol—acetone (1: 1) 
dihydroxy-a-amyvane was obtained in compact rosettes of needles, m. p. 199—201°, unaltered 
by recrystallisation. After drying in a high vacuum over phosphoric oxide for 4 hours, it melted 
at 198—199° and had [a]? + 70-3° (1 = 1, c = 0-47 in chloroform) (Found: C, 81:3; 
H,12-1. C,,.H,;,0, requires C, 81-0; H, 11-8%). 

Diacetoxy-a-amyrane.—The crude diol (2 g.) was heated on the water-bath with pyridine 
(20 c.c.) and acetic anhydride (20 c.c.) for 2} hours. The mixture was largely diluted with water 
and extracted with ether, and the extract washed with water and dried (sodium sulphate). 
Removal of the ether gave a resin, a solution of which in acetic anhydride deposited slender 
needles on cooling. After three crystallisations from methanol diacetoxy-x-amyrane was 
obtained in long needles, which, after drying in a high vacuum at 100° over phosphoric oxide 
for 4 hours, had m. p. 203—205°, [a]#?® + 90-0° (J = 1, c = 0-17 in chloroform) (Found : 
C, 77-3; H, 10-6. C,,H,;,O, requires C, 77-2; H, 10-7%). 

iso-a-Amyrenonyl Benzoate.—A solution of «-amyranonyl benzoate (0-5 g.) in glacial acetic 
acid (25 c.c.) containing a trace of hydrobromic acid was treated at 55—60° with a solution of 
bromine in glacial acetic acid (8%; 4.c.c.), added during 5 minutes with vigorous shaking. 
A crystalline mass separated; when the mixture was heated for 1 hour at 70°, the solid re- 
dissolved. The solution was diluted with water, and the precipitated resinous solid collected 
and crystallised thrice from methyl] alcohol—acetone (1 : 1) containing a little water, from which 
iso-a-amyrenonyl benzoate separated in highly refractive octahedra, m. p. 205—206°, unaltered 
by recrystallisation. In admixture with «-amyranonyl benzoate it melted at 183°. It did-not 
give a coloration with tetranitromethane in chloroform. [a]}?* + 81-66° (1 = 1, c = 0-60 
in chloroform) (Found: C, 81-4; H, 9-6. C,;,H,;,0, requires C, 81:6; H 96%). Light 











1078 Ellis and Petrow : 


absorption in alcohol: The absorption of the aB-unsaturated ketone chromophore (maximum 
2530 a., log e = 4-042) is clearly present, but is to some extent masked by the high intensity end- 
absorption (log « = 4:19, measured at 2415 a.) attributable to the benzoyl group. 

a-Amyradienyl Acetate.—iso-x-Amyrenonyl benzoate (0-3 g.) in boiling amyl alcohol (tech- 
nical; 12 c.c.) was treated with sodium (0-75 g.), and the mixture heated under reflux for 1 
hour, an addition of amyl alcohol (2 c.c.) being made after 30 minutes. The cooled solution was 
washed with water, and the amy] alcohol removed by distillation in steam. The residual resin- 
ous solid was taken up in ether and dried (sodium sulphate). Removal of the ether yielded a 
solid, which was heated under reflux with acetic anhydride for 1 hour. The excess of acetic 
anhydride was decomposed with water, the mixture extracted with ether, and the extract 
washed with water and dried (sodium sulphate). The resin obtained after removal of the ether 
was taken up in methyl alcohol, and the solution refrigerated, giving «-amyradienyl acetate in 
fine needles which after three crystallisations from aqueous acetone had m. p, 165—166°, showing 
no depression on admixture with a specimen prepared from «-amyrenonol (Spring and Vicker- 
staff, 1937, loc. cit., give m. p. 170°; the slight variation in m. p. of this derivative according to 
its method of preparation will be discussed in a later communication). It gave a deep yellow 
coloration with tetranitromethane in chloroform. [a]}?* + 319-2° (J}=1, c = 0-052 in 
chloroform). Light absorption in alcohol : Maximum at 2815 a., log « = 4-063. 

iso-a-A myrenonol.—iso-a-Amyrenony] benzoate (1 g.) was heated under reflux with alcoholic 
potassium hydroxide solution (12%, 75 c.c.) for 4 hours. The mixture was diluted with water, 
and the solid collected, washed with water, and taken up in slightly aqueous methyl alcohol-— 
acetone (1:1), from which fine needles separated on cooling. After three further crystallis- 
ations (charcoal) from aqueous acetone iso-«-amyrenonol separated in long slender needles, m. p. 
236—238°, [a}}?* + 72-11° (1 = 1, c = 0-624 in chloroform). It was freely soluble in chloro- 
form and moderately soluble in acetone and did not give a coloration with tetranitromethane in 
chloroform (Found: C, 81-8; H, 10-9. C3)H,,O, requires C, 81:7; H, 110%). Light 
absorption in alcohol : Maximum at 2500 a., log « = 4-015. 

iso-a-Amyrenonyl Acetate.—iso-xz-Amyrenonol (0-25 g.) was heated on the steam-bath for 3 
hours with pyridine (2 c.c.) and acetic anhydride (3 c.c.). After 2 days large plates separated, 
m. p. 276-5° after three crystallisations from ethyl acetate containing some methyl alcohol 
(Found: C, 79-5; H, 10-7. C3,H;,O, requires C, 79-6; H, 10-45%). 






Grateful acknowledgment is made to the Chemical Society and Imperial Chemical Industries, 
Ltd., for grants and to Dr. A. E. Gillam for the absorption spectrum measurements. 
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232. Steroids and Related Compounds. Part IV. The Stereochemical 
Configuration of the Cholestane-3 : 5 : 6-triols. 


By B. Et.is and V. A. PETROw. 


A study of the products obtained on oxidation and bromination of 6-acetoxy- 
cholestan-5-ol-3-one (II, R = Ac), obtained from cholestanetriol I,* has enabled us to 
determine the configuration of triols I and II and the relative positions of the three 
hydroxyl groups to each other and to the tertiary methyl group at C,). The results 
indicate that in triol I the rings I and II have the érans-decalin configuration, whereas 
in triol II they are of the cis-decalin type. 


Two isomeric cholestane-3 : 5 : 6-triols have been obtained from cholesterol, triol I by 
direct oxidation with hydrogen peroxide (Pickard and Yates, J., 1908, 98, 1678) or by 


* Note on nomenclature; In analogy to the corresponding ergosterol derivatives it is proposed to 
differentiate the two cholestane-3 : 5 : 6-triols by the Roman numerals I and II, instead of by the Greek 
prefixes a and 8 hitherto in use. The need for this change is indicated in view of the confusion arising 
out of the simultaneous use of the generally accepted designations (a) and (8) attached to the numbers 
indicating the position of the hydroxyl groups (Fieser, ‘‘ A Supplement to the Chemistry of Natural 
Products Related to Phenanthrene,” 1937, p. 399). The symbols (e.g., C,||C,;) proposed by Sobotka 
(‘‘ The Chemistry of the Steroids,’’ 1938) for the dicarboxylic acids arising on ring cleavage have been 
adopted. The convention proposed by Linstead (Chem. and Ind., 1937, 56, 511; J., 1938, 699) has 
been used in formule (X) and (XI), to indicate the position of the substituents above and below the 
plane of the ring system. 
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hydrolysis of cholestan-3-ol-5 : 6-oxide I (Westphalen, Ber., 1915, 48, 1064), and triol II, 
formed by oxidation with potassium permanganate (Windaus, Ber., 1907, 40, 257) or with 
osmic acid (Ushakov and Lutenberg, Nature, 1937, 140, 466). On the evidence of lead 
tetra-acetate titrations Criegee (Ber., 1932, 65, 1770) has assigned “‘ trans’’- and “‘ cis ’’- 
configurations to the a-glycol groups at C;:(C, of the triols I and II respectively; the 
present-communication describes experiments designed to determine the relative positions 
of the three hydroxyl groups to one another and to the angular methyl group at Cj. 

The steric configuration of rings I and II in the 3-keto-steroids has been correlated with 
the reactivity of the adjacent methylene groups at C, and C,. Oxidation of the ketones 
in which rings I and II are of the ¢rans-decalin (cholestanone) type leads to the C,||C, 
diacids, and bromination to the 2-bromo-derivatives (Butenandt and Wolff, Ber., 1935, 
68, 2091). Where this configuration is of the cis-decalin (coprostanone) type, the C,||C, 
diacids and the 4-bromo-compounds (Butenandt and Wolff, loc. cit.) are obtained. We 
have now examined the application of these principles to the corresponding ketone obtain- 
able from triol I, which was prepared by the following series of reactions. 

Partial saponification of 3 : 6-diacetoxycholestan-5-ol (I, R = R, = Ac) (Pickard and 
Yates, Joc. cit.) with alcoholic potassium hydroxide at room temperature led to the formation 
of a triol monoacetate, CogH,,O,, m. p. 144°. Its constitution as 6-acetoxycholestane-3 : 5- 
diol (I; R = Ac, R, = H) was proved by its conversion on benzoylation into 3-benzoyloxy- 
6-acetoxycholestan-5-ol (I; R = Ac, R, = Bz) (Petrow, J., 1937, 1077). On oxidation 
with chromic acid it gave 6-acetoxycholestan-5-ol-3-one, CygH,,O,, m. p. 161—162° (II, 
R=Ac). The acetate (II, R = Ac) underwent facile dehydration, either with sodium 
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acetate-acetic anhydride or by the Darzens method, to 6-acetoxy-A*-cholesten-3-one (III), 
CogH,,03, m. p. 101-5°, which was hydrolysed by cold alcoholic potassium hydroxide to 
A*-cholesten-6-ol-3-one (IIIa), m. p. 192°; this was characterised by its semicarbazone, 
m. p. 221° (cf. Dane, Wang, and Schulte, Z. physiol. Chem., 1936, 245, 80), and oxidised by 
Kiliani’s chromic acid mixture to A*cholestene-3 : 6-dione. The constitutions assigned 
to (III) and (IIIa) were confirmed by their isomerisation on treatment with hot alcoholic 
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hydrochloric acid into cholestane-3 : 6-dione (IV) (cf. Butenandt and Schramm, Ber., 1936, 
69, 2289; Heilbron, Jones, and Spring, J., 1937, 801). This,compound was also obtained 
directly from 6-acetoxycholestan-5-ol-3-one by saponification with sodium methoxide, 
hydrolysis of the Cg acetoxy-group being accompanied by dehydration to (IIIa) and 
rearrangement to (IV). 

Oxidation of 6-acetoxycholestan-5-ol-3-one with chromic acid led, probably by way of 
the intermediary C,||C, diacid, to the monobasic 6-acetoxy-lactonic acid, CygH4gO,g, m. p. 
218°, to which the constitution (V) has been assigned. This structure was confirmed by 
the conversion of (V) on treatment with 0-5% alcoholic potassium hydroxide at room 
temperature into the neutral dilactone (VI), Cy,H4.O,, m. p. 165°, which required two 
equivalents of potassium hydroxide on titration. 

Bromination of 6-acetoxycholestan-5-ol-3-one yielded a monobromide, Cy gH,7,0,Br, 
m. p. 186°, together with small amounts of a dibromide, C,,H,,0,Bry, m. p. 218°. The 
monobromide has been assigned the constitution of ‘2-bromo-6-acetoxycholestan-5-ol-3-one 
(VII; R = Ac, R,; =H). The alternative position for the bromine atom at C, is excluded 
by the following series of reactions: The monobromide underwent debromination and 
immediate dehydration on treatment with 0-5% methyl-alcoholic potassium hydroxide 
to give cholestan-6-ol-3-one-2 : 5-oxide (VIII, R = H), Cy,H,,Og, m. p. 182°, which yielded a 
monoacetate (VIII, R = Ac), CygH,,O,, m. p. 84°, on acetylation. On oxidation with 
chromic acid cholestan-6-ol-3-one-2 : 5-oxide passed into cholestane-3 : 6-dione-2 : 5-oxide 
(IX), Cyz7H,.O3, m. p. 116°, characterised by a bisdinitrophenylhydrazone, m. p. 171°. The 
two compounds (VIII, R = H) and (IX) were stable both to alcoholic hydrochloric acid 
and to lead tetra-acetate. These transformations are unambiguously interpreted on the 
basis of the formulz assigned to them, since the only alternative formulation, a C,. , oxide 
arising from a C, bromide, is not in agreement with the stability of (VIII), a ¢vans-annular 
oxide (cf. Bergmann, Hirschmann, and Skau, J. Org. Chem., 1939, 4, 29) of the type 
occurring in terpenes (e.g., cineole). 

The dibromide liberates bromine on warming with sodium iodide in benzene-alcohol 
solution, and is probably 2 : 2-dibromo-6-acetoxycholestan-5-ol-3-one (VII; R = Ac, Ry = 
Br). 

On the assumption that the rules valid for the behaviour of 3-keto-steroids on bromin- 
ation and oxidation (see above) are not invalidated when a hydroxyl group is substituted 
for the hydrogen atom at C,, the experimental results described seem to justify the 
conclusion that the rings I and II in cholestane-3 : 5 : 6-triol I possess the tvans-decalin 
configuration. The hydroxyl group at C, in cholesterol and the two triols is in the cis- 
position to the tertiary methyl group at C,, and, since the hydroxyl groups at C, and C, in 
triol I are in the ¢rans-position to each other (Criegee, Joc. cit.), it follows that the stereo- 
chemical configuration of this triol is cholestane-3(8) : 5(«) : 6(6)-triol (X). 


Ci gH Ci gH 
CHs- ~, Sosy \/ 
(X.) eg Bic Ba, (XI.) 
HO- Ye OY 
H 


HO 


The isomerism between the two triols is known to be due to the different steric positions 
of the hydroxyl group at C, : on oxidation with chromic acid they yield different cholestan- 
5-ol-3 : 6-diones (I and II), but both these oxidation products are dehydrated to 
A*-cholestene-3 : 6-dione (Windaus, Joc. cit.). Since it has now been established that in 
triol I the hydroxyl group at C;, is in a ¢rans-position to the C,, methyl group, it follows that 
in triol II the C; hydroxyl group is in a cis-position to the methyl group at C,9, and, being 
a cis-glycol at C,., (Criegee, loc. cit.), its stereochemical configuration is established as 
coprostane-3(8) : 5(8) : 6(8)-triol (XI). 

In the experimental part the preparation of certain derivatives of the two triols is 
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described, whose stereochemical configuration can now be satisfactorily interpreted on the 
basis of the above results. 

Coprostan-5(8)-ol-3 :6-dione is identical with ‘‘ cholestan-5-ol-3 : 6-dione II’’, the 
oxidation product of triol II (Windaus, Joc. cit.), arid has now been obtained by oxidation 
of cholestane-3 : 5-diol-6-one (Heilbron, Jones, and Spring, loc. cit.). The latter compound 
belongs therefore to series II and inversion has taken place either during its formation from 
5-bromo-3-acetoxycholestan-6-one or in the formation of the latter (cf. Heilbron, Jackson, 
Jones, and Spring, J., 1938, 102). We have further obtained cholestane-3(8) : 5(«)-diol- 
6-one by partial oxidation of triol I with chromic acid and identified it by its monoacetate 
(Pickard and Yates, Joc. cit.). The latter substance is dehydrated by boiling with thionyl 
chloride in pyridine solution (Darzens’ reaction) to 3(8)-acetoxy-A*-cholesten-6-one (cf. 
Heilbron, Jones, and Spring, Joc. cit.). Attempts to dehydrate it with potassium hydrogen 
sulphate in acetic anhydride solution (cf. Part III, this vol., p. 998) led unexpectedly to the 
formation of 3(8) : 5(«)-diatetoxycholestan-6-one, previously obtained by oxidation of 
cholesteryl acetate with chromic acid (Mauthner and Suida, Monatsh., 1896, 17, 594; 
Schenck, Z. physiol. Chem., 1936, 248, 119). 


EXPERIMENTAL. 


Microanalyses were made by Dr. G. Weiler and Dr. F. B. Strauss. All the rotations were 
measured in chloroform solution ina 2dm.tube. Melting points are corrected. 

6-A cetoxycholestane-3 : 5-diol (I; R, =H, R= Ac).—To a solution of 3: 6-diacetoxy- 
cholestan-5-ol (112 g.) in absolute alcohol (8 1.) was added dropwise with mechanical stirring 
during 2 days a solution of potassium hydroxide (12-5 g.; equiv. to 1-05 mols.) in absolute 
alcohol (670 ml.). After a further 24 hours the solution was acidified with a few drops of acetic 
acid, concentrated to half volume in a vacuum, and warmed, and sufficient water added to 
produce a turbidity. On cooling, 6-acetoxycholestane-3 : 5-diol separated in long silky needles 
containing water of crystallisation, m. p. 132—133°, [a]}® — 26-4 (c, 2-94) (Found: C, 71-1; H, 
10-4; loss in weight on drying, 3-9. C,.H,;,0,,H,O requires C, 72-5; H, 10-8; H,O, 3-8%). 
After drying at 125° for 1 hour the m. p. was raised to 143—144°. Yield, 85%. 

On benzoylation (0-5 g. in 3 ml. of pyridine and 1 ml. of benzoyl chloride for 18 hours at room 
temperature) it gave 3-benzoyloxy-6-acetoxycholestan-5-ol, m. p. 164° alone or in admixture 
with an authentic specimen (Petrow, Part I, loc. cit.). 

6-A cetoxycholestan-5-ol-3-one (II, R = Ac).—A solution of 6-acetoxycholestane-3 : 5-diol 
(20 g.) in glacial acetic acid (180 ml.) was treated for 3 minutes at 100° with a solution of chromic 
acid (6 g.) in acetic acid (50 ml. of 80%). The neutral fraction of the oxidation product, after 
two crystallisations from aqueous alcohol, yielded pearly plates of 6-acetoxycholestan-5-ol-3-one, 
m. p. 161—162°, [«]}®" —10-2° (c, 2-7) (Found: C, 75-5; H, 10-5. C,9H,,0O, requires C, 75-6; 
H, 10-4%). Yield, 75%. 

6-A cetoxy-A*-cholesten-3-one (III).—(a) 6-Acetoxycholestan-5-ol-3-one (1 g.) in dry pyridine 
(10 ml.) was treated with thionyl] chloride (0-32 ml.; 2 mols.), added dropwise at room temper- 
ature with shaking. The mixture, after refluxing for 10 minutes, was poured into water, and 
the product extracted with ether. On crystallisation from acetone—methy] alcohol, 6-acetoxy- 
A‘-cholesten-3-one was obtained in flat needles, m. p. 101-5°, [a]}® + 36° (c, 3-195) (Found : 
C, 78°3; H, 10-2. C,.H,,O, requires C, 78-7; H, 10-4%). 

(b) 6-Acetoxycholestan-5-ol-3-one (5 g.) was refluxed for 10 hours with acetic anhydride 
(75 ml.). Crystallisation of the product from acetone-methyl alcohol yielded 6-acetoxy-A‘- 
cholesten-3-one, identical with the compound prepared by method (a) in m. p., mixed m. p., and 
optical rotation. Yield, 60%. 

A*-Cholesten-6-ol-3-one, prepared by treating the acetate (1 g.) with 100 ml. of 1% methyl- 
alcoholic potassium hydroxide for 60 hours at room temperature, formed hard needles from 
aqueous acetone, m. p. 192° (Found: C, 81:0; H, 10-8. C,,H,,O, requires C, 81:0; H, 11-0%) 
(semicarbazone, m. p. 221°; cf. Dane, Wang, and Schulte, loc. cit.). 

A‘-Cholestene-3 : 6-dione.—Kiliani’s chromic acid mixture (2 ml.) was added dropwise with 
mechanical stirring during 1} hours to a solution of A‘-cholesten-6-ol-3-one (300 mg.) in benzene 
(8 ml.) and acetic acid (2 ml.) at 15°, and the stirring continued for a further 30 minutes. A 
few drops of alcohol were added to remove the excess of chromic acid and the benzene layer was 
separated, washed with water and dilute sodium hydroxide solution, and dried over sodium 
sulphate. On removal of the benzene and crystallisation of the solid residue from 85% alcohol, 
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A‘-cholestene-3 : 6-dione (210 mg.) was obtained, m. p. 122—123° (Found: C, 81-5; H, 10-8. 
Calc. for C,,H,,0, : C, 81:3; H, 106%), not depressed in admixture with an authentic specimen. 
The dione was further characterised by the preparation of the monophenylhydrazone, m. p. 
280—281° (Mauthner and Suida, Monatsh., 1896, 17, 579), and of the enol ether, m. p. 165— 
166° (Windaus, Joc. cit.). 

Cholestane-3 : 6-dione.—(a) 6-Acetoxy-A‘-cholesten-3-one (200 mg.) in absolute alcohol 
(5 ml.) was refluxed for 30 minutes with 10 drops of concentrated hydrochloric acid. 
The crystalline deposit (150 mg.) separated from acetone in tablets of cholestane-3 : 6-dione, 
m. p. 169—170°, not depressed in admixture with an authentic specimen. Similar treatment 
of A‘ -cholesten-6-ol-3-one likewise gave the 3 : 6-dione. 

(b) 6-Acetoxycholestan-5-ol-3-one was refluxed for 1 hour with excess of 5% sodium meth- 
oxide solution. The product, isolated with ether and crystallised from acetone, gave cholestane- 
3: 6-dione in short hard needles, m. p. 170—171° (Found: C, 80-5; H, 11-0. Calc. for 
C,,H,,0,: C, 81-0; H, 11-0%), alone or in admixture with an authentic specimen. 

6-A cetoxy-lactonic Acid, CygH,,O, (V).—The acidic fractions from the oxidations of 135 g. of 
6-acetoxycholestane-3 : 5-diol (above) (6-1 g.) were extracted with light petroleum (b. p. 60— 
80°). The insoluble fraction separated from acetone-light petroleum in iridescent spangles 
of the 6-acetoxy-lactonic acid, m. p. 217—218° (sintering at 185°), [«]??" —10-4° (c, 1-68) (Found : 
C, 71-5; H, 94; M, by titration, 480. C,.H,,O, requires C, 71-0; H, 9-4%; M, for mono- 
basic acid, 490). On refluxing with 0-5% alcoholic potassium hydroxide, 0-2450 g. were 
neutralised by 0-0753 g. of potassium hydroxide, equivalent to 2-7 mols. The dipotassium salt 
was sparingly soluble in alcohol. The acid did not absorb bromine in chloroform, and did not 
react with 2: 4-dinitrophenylhydrazine. With concentrated sulphuric acid it gave a yellow 
coloration slowly changing to deep orange. 

Dilactone, Cy7H,,0, (VI).—The lactonic acid (V) (500 mg.) was treated for 18 hours at room 
temperature with 30 ml. of 0-5% alcoholic potassium hydroxide. The dilactone, isolated by 
acidification with acetic acid and extraction with ether, formed needles from light petroleum-— 
acetone, m. p. 165° (sintering at 155°) (Found: C, 75-6; H, 9-5. C,,H,,O, requires C, 75-4; 
H, 98%). Yield, 60%. On refluxing with 0-5% alcoholic potassium hydroxide, 0-150 g. were 
neutralised by 0-038 g. of potassium hydroxide, equivalent to 1-98 mols. 

2-Bromo-6-acetoxycholestan-5-ol-3-one (VII; R=Ac, R, = H).—6-Acetoxycholestan- 
5-ol-3-one (10 g.) in glacial acetic acid (250 ml.) was treated at 35° with 30 ml. of bromine—acetic 
acid (equiv. to 3-5 g. of bromine). Decoloration was complete in 5 minutes. Water was added, 
and the precipitated material dried and extracted with light petroleum (200 ml.; b. p. 60—80°). 
The insoluble portion was crystallised from aqueous acetone and gave 2-bromo-6-acetoxycholestan- 
5-ol-3-one in needles, m. p. 186°, [a]}" +3-6° (c, 2-055) (Found: Br, 15-4. C,,H,,O,Br requires 
Br, 148%). Yield, 40%. The light petroleum extract deposited a microcrystalline powder 
(2 g.) on long standing, identified as the dibromo-derivative (see below). 

The 2-bromo-compound was recovered unchanged after refluxing for 1 hour with pyridine. 

Cholestan-6-ol-3-one-2 : 5-oxide (VIII, R= H).—A suspension of 2-bromo-6-acetoxy- 
cholestan-5-ol-3-one (5 g.) in methyl-alcoholic potassium hydroxide (140 ml.; 1-5%) was 
mechanically stirred for 1 hour at 55—60°. The deep orange solution was treated with water 
(300 ml.), and the precipitate extracted with ethyl acetate (300 ml.). The solvent was removed 
under reduced pressure, the residue treated with light petroleum, and the insoluble portion 
repeatedly crystallised from aqueous acetone. Cholestan-6-ol-3-one-2 : 5-oxide formed soft 
needles, m. p. 181—182° (Found: C, 77-5; H, 10-5. C,,H,,O, requires C, 77-9; H, 10-6%). 
Yield, 20—30%. It gave no colour with ferric chloride and was unaffected by lead tetra- 
acetate (Criegee, loc. cit.). It was recovered unchanged after refluxing for 3 hours with 10% 
alcoholic hydrochloric acid. With concentrated sulphuric acid it gave a crimson coloration. 

6-A cetoxycholestan-3-one-2 : 5-oxide (VIII, R = Ac).—Cholestan-6-ol-3-one-2 : 5-oxide (170 
mg.) in dry pyridine (1 ml.) was treated with acetic anhydride (0-5 ml.) for 18 hours at room 
temperature. The product, crystallised from methyl alcohol (norit), gave small plates of 
6-acetoxycholestan-3-one-2 : 5-oxide, m. p. 84° (Found: C, 75-8; H, 9-9. C,.H,,O, requires C, 
76-0; H, 100%). On saponification at 55—60° with 2-5% methyl-alcoholic potassium hydr- 
oxide the original ketol-oxide, m. p. 182°, was recovered. 

Cholestane-3 : 6-dione-2 : 5-oxide (IX).—Cholestan-6-ol-3-one-2 : 5-oxide (600 mg.) in benzene 
(20 ml.) was shaken at room temperature for 6 hours with chromic acid (0-5 g.) in acetic acid 
(20 ml.; 95%), and the neutral fraction of the oxidation product crystallised from aqueous 
acetone. Cholestane-3 : 6-dione-2 : 5-oxide formed large pearly plates, m. p. 115—116° (Found : 
C, 78:2; H, 10-0. C,,H,,O, requires C, 78-2; H, 10-1%). Yield, 60%. 























'? 


“. 


@ 


, aa a F 


wees SB 


STE 








[1939] Steroids and Related Compounds. Part IV. 1083 


The bisdinitrophenylhydrazone, prepared by treating a solution of the dione (50 mg.) and 
2: 4-dinitrophenylhydrazine (50 mg.) in absolute alcoholic solution (10 ml.) with 2 drops of 
concentrated hydrochloric acid and refluxing the mixture for 2 minutes, formed large flat 
plates, m. p. 171°, from acetone—chloroform (Found : N, 15:0. Cs,H,O,N, requires N, 14-5%). 

2 : 2-Dibromo-6-acetoxycholestan-5-ol-3-one (VII; R=Ac, R, = Br).—/(a) 6-Acetoxy- 
cholestan-5-ol-3-one (1 g.) in acetic acid (25 ml.) was treated at room temperature with 2 drops 
of hydrobromic acid and 10 ml. of bromine-acetic acid (0-7 g. of bromine; 2 mols.). Decolor- 
ation of the bromine was accompanied by separation of the dibromide (1 g.) in needles, which 
were removed after 30 minutes. 2: 2-Dibromo-6-acetoxycholestan-5-ol-3-one formed silky 
needles from aqueous acetone, m. p. 218° (decomp.), [«]}?° + 70-9° (c, 1-975) (Found: Br, 25-9. 
C.,H,,O,Br, requires Br, 25-9%). 

(b) 2-Bromo-6-acetoxycholestan-5-ol-3-one (1 g.) in acetic acid (10 ml.) was treated at room 
temperature with 1 drop of hydrobromic acid and 0-35 g. of bromine dissolved in 5 ml. of acetic 
acid. After 2 hours the dibromide (0-75 g.) was removed and purified as above; m. p. 218°, 
not depressed in admixture with a sample prepared by method (a). 

The dibromide liberated bromine when warmed with sodium iodide in benzene~alcohol 
solution. 

Coprostan-5(B)-ol-3 : 6-dione.—200 Mg. of cholestane-3 : 5-diol-6-one II (Heilbron, Jones, 
and Spring, Joc. cit.) in 5 ml. of acetic acid were treated with 150 mg. of chromic acid in 5 ml. 
of 90% acetic acid. After 24 hours at room temperature the crystalline deposit was filtered 
off. Coprostan-5(8)-ol-3 : 6-dione formed prisms from glacial acetic acid, m. p. 253° alone or 
in admixture with an authentic specimen (Windaus, loc. cit.). 

3-A cetoxycholestan-5-ol-6-one.—Cholestane-3 : 5: 6-triol I (21 g.) in glacial acetic acid 
(600 ml.) was treated with a solution of chromic acid (3-7 g.) in acetic acid (100 ml. of 94%), 
added dropwise with mechanical stirring at room temperature. Half the oxidising agent was 
added during 44 hours, the mixture kept overnight, and the remainder added during 6 hours. 
The product, isolated by dilution with water and extraction with benzene, was refluxed with 
acetic anhydride (100 ml.) for 45 minutes. 3-Acetoxycholestan-5-ol-6-one (15 g.) crystallised 
on cooling. It was purified from glacial acetic acid and formed plates, m. p. 238°, [a]}?° —56-2° 
(c, 2-49) (Found: C, 75-2; H, 10-6. Calc. for CygH,,O,: C, 75-6; H, 104%), alone or in 
admixture with an authentic specimen. Hydrolysis with sodium methoxide solution yielded 
cholestane-3 : 5-diol-6-one I, m. p. 237° alone or in admixture with an authentic specimen. 

Darzens Dehydration of 3-Acetoxycholestan-5-ol-6-one I.—Thionyl chloride (0-2 ml.) was 
added with shaking to 3-acetoxycholestan-5-ol-6-one (0-67 g.) dissolved in pyridine (10 ml.), 
and the mixture refluxed for 10 minutes. The product, isolated with ether, formed hexagonal 
plates from methyl alcohol, m. p. 110°, identified with 3(8)-acetoxy-A‘-cholesten-6-one by 
mixed m. p. 

3(B) : 5(a)-Diacetoxycholestan-6-one.—(a) 3-Acetoxycholestan-5-ol-6-one I (25 g.) and 
potassium hydrogen sulphate (6 g.) were heated with acetic anhydride (125 ml.) for 15 minutes 
on the water-bath. The product was poured into saturated brine, and the mixture kept over- 
night. The crystalline precipitate was collected and purified from aqueous acetone (norit). 
3(8) : 5(a)-Diacetoxycholestan-6-one (Schenck, Joc. cit.) formed needles, m. p. 169—170°, [a]?” 
—11° (c, 2-5) (Found: C, 74:1; H, 10-0. Calc. for C,,H,,O,: C, 74:0; H, 100%). Yield, 
35%. On saponification it gave cholestane-3 : 5-diol-6-one I, m. p. 237° alone or in admixture 
with an authentic specimen. 

(b) 3-Acetoxycholestan-5-ol-6-one I (1 g.) in acetic anhydride (15 ml.) was refluxed for 10} 
hours. On cooling, unchanged material (300 mg.) separated and was removed. Water was 
added to the filtrate and the precipitated solids were crystallised from aqueous alcohol The 
product was identified as 3(f) : 5(«)-diacetoxycholestan-6-one by m. p. and mixed m. p. with a 
sample prepared by method (a). 
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The Volatile O1l Glycosides of Thesium virgatum. 


233. The Volatile Oil Glycosides of Thesium virgatum. 
By P. C. de Kock and W. S. Rapson. 


A glycosidic extract from Thesium virgatum gives on hydrolysis a volatile oil 
containing at least three components. An alcohol C,)H,,O (or less probably C,,H,,O) 
and an alcohol C,H,,O (or less probably C,H,,O) are the major constituents: both 
contain one double bond and give acetone on oxidation with potassium permanganate. 
Difficulties in obtaining supplies of plant materials have precluded the investigation 
being carried beyond this point. 


De Kock and Rapson (Nature, 1938, 142, 1078) have reported that in various species of the 
genus Thesium (order Santalacee@) the presence or absence of the easily identifiable 
constituents phlobatannin and/or volatile oil glycoside corresponds to the grouping of the 
species according to the structures of the flowers and other morphological characters. 
There are very few cases recorded of the isolation of terpenoid essential oil glycosides from 
plant materials, although such substances have been postulated as intermediates in the 
production of essential oils. An examination of the glycosidic material of the most 
abundant species, T. virgatum, has therefore been carried out. 

The material was isolated by extraction and proved to be an inseparable mixture of 
several glycosides. It was stable to prolonged incubation with emulsin or yeast and was 
unaffected by treatment with freshly crushed plant tissues. These facts have probably 
some connection with its survival in the plant. It was readily hydrolysed, however, by 
mineral acid to yield glucose and a steam-volatiie oil identical with that derived by steam- 
distillation of the plant tissues in the presence of mineral acid. The oil used in the experi- 
ments here described was obtained in the latter way. 

The oil is a mixture of at least three substances, but owing to the small amount avail- 
able these have not been accurately characterised, and the presence of others is possible. 
From elementary analyses and determinations of bromine values and of molecular 
refractions, one compound is regarded as an alcohol C,H,,0 (or C,H,,O) containing one 
double bond and another as an alcohol C,,H,,O (or C,y>H,90) also containing a double bond. 
Solid derivatives have not been obtained: with reagents such as p-nitrobenzoyl chloride 
and phenyl isocyanate, dehydration occurred and esters were not isolated. Hydrogen 
chloride gave no crystalline hydrochloride. Both alcohols, however, gave acetone as a 
neutral product of the action of potassium permanganate, indicating the presence of an 
isopropylidene group; the acidic products behaved like mixtures and characterisation 
was not possible. Oxidation by the Kuhn—Roth micro-method gave 1 mol. of acetic acid, 
so but the one CMe group is present. A trace of a third substance has been isolated from 
the high-boiling fractions of the oil; it is a crystalline unsaturated hydrocarbon C,Hg, 
(n = approx. 18) and is apparently formed by dehydration of a further alcoholic component 
during hydrolysis or distillation. 


EXPERIMENTAL. 


Isolation of the Glycosidic Fraction by Extraction—The dried and crushed plant material 
was extracted with ether, until the extract was colourless, and then with alcohol. The alcoholic 
extract was evaporated in a vacuum, the residue diluted with water, and the phlobatannin 
precipitated by addition of lead subacetate solution. The liquid was filtered before and after 
treatment with hydrogen sulphide, rendered neutral with calcium carbonate, and evaporated 
ina vacuum. The concentrate did not reduce Fehling’s solution and left an amorphous residue 
when evaporated to dryness. 

Hydrolysis. The glycosidic material in solution in 2% sulphuric acid was rapidly hydrolysed 
on heating. The oil liberated was extracted in ether, dried, and fractionally distilled; its 
behaviour was identical with that described below for the oil obtained from the acidified plant 
material by direct steam-distillation. The aqueous portion of the hydrolysis mixture was 
treated with barium carbonate, and the filtered solution evaporated ina vacuum. The residue 
gave d-phenylglucosazone, identified, after several crystallisations from aqueous pyridine, 
by mixed m. p. and crystal examination. 

Steam-distillation of the Oil from the Plant.—The dry plant material (all the above-ground 
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portions of the plant) was moistened with 2% sulphuric acid and submitted to the action of 
steam. ‘The tissues rapidly turned red and an oil distilled. The bulky distillate was extracted 
several times with ether and the extract was washed with dilute alkali solution to remove traces 
of phenolic substances, dried, and evaporated. The yield of oil was 0-1—0-2% of the dry weight 
of the tissues. It was found advantageous to carry out the operation with small batches of 
material (1—2 kg.), as with larger batches the sodden mass did not allow of proper circulation 
of the steam. The oil was distilled at 20 mm. pressure through a micro-fractionating column 
(Cooper and Fasce, Ind. Eng. Chem., 1928, 20, 420), and the following fractions obtained (from 
a total of 25 g. of oil) : 


Fraction. Weight, g. B. p. nis°, dais. [Rz]p-  [Rz]p, calc. 

I 3 69—74° 1-4614 0-883 -- - 

II 2 74—90 1-4625 0-894 “= = 
Ill 5 90—93 1-4619 0-906 38-2 37-7 (for CsH,,0) 
(1-4622) (0-906) 38-8 40-0 (for C,H,,0) 

IV 3 93—107 1-4716 0-921 “= — 
Vv 5 107—109 1-4812 0-933 47-0 47-2 (for CypH,,0) 
(1-4808) (0-933) 47-6 49-3 (for CyoH290) 

vi 5 Residue 


Fractions III and V were well defined. Fractions I, II, and IV, which distilled without any 
marked break in the distillation curve, were combined and refractionated, giving further small 
amounts of fractions III and V, the physical properties of which are recorded in parentheses. 
The residue from the fractional distillation distilled at 109—ca. 145°/20 mm. From the fraction 
boiling above 130°, traces of crystals separated on addition of methyl alcohol. They were 
recrystallised four times from this solvent, yielding 6 mg. of colourless plate-like crystals, m. p. 
50—52°. This substance was also obtained from the oil formed by hydrolysis of the glycosides. 

Analyses. Fraction III. Found: C, 75-9; H, 11-5; side-chain Me, 9-5; M (by bromine 
addition, the presence of one double bond being assumed), 133. C,H,,O requires C, 75-0; H, 
12-5; side-chain Me, 11-7%; M, 128. C,H,,O requires C, 76-2; H, 11-1; side-chain Me, 
119%; M, 126. 

Fraction V. Found: C, 77-1, 77-3; H, 11-8, 11-6 (different samples); side-chain Me, 
9-6; M (by bromine addition), 155, 158; M (Rast), 156. C,9H,,O requires C, 77-9; H, 11-7; 
side-chain Me, 9-7%; M, 154. C, »H,,O requires C, 76-9; H, 12-8; side-chain Me, 9-6%; 
M, 156. 

Crystals. Found: C, 85-2; H, 14-8; M (Rast), 257. C,,gHs, requires C, 85-7; H, 14:3%; 
M, 262. 

Bromine additions were carried out by cooling a solution of the oil in carbon tetrachloride 
in ice and adding an excess of bromine in carbon tetrachloride. After 2 minutes the residual 
bromine and the hydrogen bromide formed were determined iodometrically. From a knowledge 
of the latter quantity, a correction for bromine used in substitution was made. 

Permanganate oxidations, The same results were obtained with fractions III and V. The 
oil (2 g.) was shaken with water (100 c.c.), potassium permanganate solution (1-5%) added 
gradually at room temperature, and the mixture warmed; 400 c.c. of the solution were required 
to produce a moderately permanent pink colour. The excess of permanganate was destroyed 
with sulphur dioxide, and the filtered solution distilled, 100 c.c. of distillate being collected. 
With Brady’s reagent this gave a copious precipitate of acetone-2 : 4-dinitrophenylhydrazone, 
identified by mixed m. p. The liquid in the flask was evaporated in a vacuum, and the residue 
acidified and extracted with ether. The extract left an oily acidic residue on evaporation, from 
which a crystalline ~-bromophenacyl ester could not be prepared. 


UNIVERSITY OF CAPE TowN, SOUTH AFRICA. [Received, April 5th, 1939.] 








234. Constituents of the Leaves of Certain Leucadendron Species. 
Part II. Degradation Experiments with Leucodrin. 


By WILLIAM SAGE RaPsoN. 


Dibromoleucodrin has been shown to be analogous in structure to leucodrin itself, 
its acidity being due to the enhanced reactivity of the phenolic hydroxyl group. The 
degradation of leucodrin with a variety of reagents has been studied, and conclusions are 
drawn with regard to its structure. 
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In a preliminary study (J., 1938, 282) leucodrin (C,;H,,0,) was characterised as con- 
taining two lactone groups and one phenolic and three alcoholic hydroxyl groups. From 
the results of potash fusion experiments the phenolic hydroxyl was deduced as being present 
in a p-hydroxyphenylethyl group. Dichloroleucodrin and dibromoleucodrin, however, 
differed from the parent substance in behaving like monoacidic dilactones. It has now been 
found that dibromoleucodrin gives a series of derivatives completely analogous to those 
of leucodrin itself, and it appears as if its acidity, as well as that of its chlorine analogue, 
has its origin in the increased acidity of the phenolic group resulting from the presence of 
the halogen atoms in the o-positions. Apart from the studies of Bennett, Brooks, and 
Glasstone (J., 1935, 1821), scanty data are available as to the effects of halogen substituents 
on the acidity of phenols, and it has been difficult to find simple analogies to the present 
case. Dibromo--cresol, which Zincke and Wiederhold (Annalen, 1902, 320, 204) state to be 
soluble in warm sodium bicarbonate solution, gave only a very indistinct end-point in titra~ 
tions with phenolphthalein as indicator. 3: 5-Dibromo-4-hydroxybenzoic acid and its 
ethyl ester, however, were accurately titratable with alkalis. 

Formaldehyde has been identified as one product of the action of lead tetra-acetate on 
leucodrin and various derivatives. Inno case, however, has it been possible to characterise 
any other product of the oxidation. Leucodrin, dibromoleucodrin, leucodrin methyl ether, 
and bromoleucodrin methyl ether all yielded intractable oils as the major products of the 
reaction. These are probably mixtures. In an attempt to overcome this difficulty, acetyliso- 
propylideneleucodrin methyl ether was hydrolysed and a monoacetyl-leucodrin methyl ether 
obtained. This, however, was not attacked by lead tetra-acetate. The same result 
was obtained when a leucodrin dimethyl ether, formed by the hydrolysis of isopropylidene- 
leucodrin dimethyl ether, was submitted to this reagent. It is unlikely, therefore, that the 
hydroxyl groups which react with acetone in the formation of isopropylideneleucodrin are 
the two in the group C(OH)-CH,°OH which gives rise to the formaldehyde in the oxidations 
with lead tetra-acetate. The third alcoholic hydroxyl group must be involved, and the 
close proximity of all three alcoholic groups therefore seems certain. An attempt to protect 
the CH,°OH group during degradation with lead tetra-acetate failed because leucodrin 
methyl ether did not give a triphenylmethy] ether with triphenylchloromethane. 

As already described (loc. cit.), anisic acid has been obtained by the oxidation of leucodrin 
methylether. It has not been possible to moderate this reaction so as to give intermediate 
products. On the other hand, leucodrin tetramethyl ether, when subjected to the action of 
potassium permanganate, was so inert that under mild conditions no oxidation occurred at 
all. With more vigorous conditions, anisic acid and unchanged initial material could be 
isolated from the reaction mixture, but no remnant of the aliphatic side chain. From the 
amount of potassium permanganate consumed, it appears as if this is completely oxidised 
once attack begins. 

With nitric acid, leucodrin tetramethyl ether readily yielded nitroleucodrin tetramethyl 
ether, but this was attacked only very slowly by hot concentrated nitric acid. The substance 
formed has been characterised as a dilactonic acid, C,,H,,0,,N, and it is apparently derived 
by the oxidation of CH,,~OMe —-> CO-OH. The carboxyl group can be esterified by the 
catalytic method with ease, and since it is not eliminated when the acid is heated above 
150°, it is unlikely that the CH,°OH group from which it is derived is attached to the same 
carbon atom as either of the lactonic carboxyl groups. Indications have been obtained also 
that the free hydroxyl groups generated when leucodrin tetramethyl ether is dissolved in 
alkali are not on adjacent carbon atoms, since, when such solutions were acidified with 
periodic acid, no reduction of the periodic acid was observed. 

Leucodrin tetramethyl ether was unattacked by hydrogen peroxide in alkaline solution. 
Both the monomethy] and the dimethyl ether, however, gave rise to anisylsuccinic acid as a 
product of oxidation. The presence of the group (I) in leucodrin thus seems certain, and its 
partial structure can be written as (II) or (III). Other structures either are improbable or 


(p)HO-C,HyCH-CHyC<— (p)HO-C,H,-CH-CH,C,H,0, (p)HO-C,H,CH-C,H,0; 
CO-0- CH,°CO-O- 
(I.) (I1.) (III.) 
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do not allow of the close proximity of the three alcoholic hydroxyl groups. . A limited number 
of structures of each type is possible in view of the:degradatigns*described: abave, antl it 
should be possible to distinguish between these. 

The effects of other oxidising agents on leucodrin have also been studied. Selenium 
dioxide under various conditions proved unreactive; the use of mercuric oxide led to no 
identifiable products, and an attempt to apply the Weerman reaction failed when it was 
found that bromoleucodrin tetramethyl ether did not yield a dihydroxydiamide with ammonia. 
Leucodrin methyl ether was recovered unchanged after treatment with the Oppenauer 
reagent, and failed to give characterisable products with chromic acid. 


EXPERIMENTAL. 


isoPropylidenedibromoleucodrin.—A solution of dibromoleucodrin in a large excess of acetone 
containing 0-5° of dry hydrogen chloride was kept for 48 hours. The acid was then neutralised 
with lead carbonate, and the filtered solution evaporated. The residue was crystallised from 
aqueous alcohol. It sintered at 249°, and formed a meniscus in the melting-point tube at 
257° (Found : C, 42-0; H, 3-7; Br, 30:7. C,,H,,0,Br, requires C, 41-4; H, 3-4; Br, 30-7%). 
It was insoluble in sodium bicarbonate solution. 

Diacetylisopropylidenedibromoleucodrin, obtained from the above substance by the action 
of cold acetic anhydride and pyridine, crystallised from alcohol in needles, m. p. 218—221° 
(Found: C, 43-6; H, 3-9; Br, 26-6. C,,H,,O,,Br, requires C, 43-6; H, 3-7; Br, 26-4%). 

Dibromoleucodrin Tetramethyl Ethey.—Methylation of dibromoleucodrin proceeded vigorously 
when it was mixed in acetone solution with methyl iodide and silver oxide. When the silver 
oxide was exhausted, the solids were removed, the filtrate evaporated, and the residue warmed 
with more silver oxide and methyl iodide. Four such treatments yielded a product which 
partially crystallised on treatment with alcohol. Recrystallised from this solvent, the product 
had m. p. 136-5—137-5° and was unaffected by treatment with acetic anhydride [Found : 
C, 42-4; H, 3-9; OMe, 22-9. C,,H,,O,Br,(OMe), requires C, 42-4; H, 4:2; OMe, 23-3%]. 

isoPropylidenedibromoleucodrin Methyl Ether.—isoPropylidenedibromoleucodrin (1 g.) was 
dissolved in methyl alcohol, and an ethereal solution of diazomethane added until vigorous 
evolution of nitrogen no longer occurred and the solution had attained a slight permanent 
yellow coloration. It was kept for 10 minutes, the excess of diazomethane destroyed with acetic 
acid, and the solvents evaporated. The residue was a viscous oil which crystallised after 
several hours. The rhombic prisms obtained by repeated crystallisation from methyl alcohol 
sintered sharply at 175—176° but gave a clear melt and a meniscus only at 203° (Found : 
C, 42-3; H, 3-8; OMe, 6-2. C,H,,O,Br, requires C, 42-5; H, 3-8; OMe, 5-8%). 

Dibromoleucodrin Methyl Ether.—This was best obtained by heating the above substance in 
methyl-alcoholic hydrochloric acid for 5—10 minutes. On dilution of the reaction mixture 
with water and cooling, a sticky material separated which crystallised after several hours. The 
same slowness in crystallisation was observed during purification, the ether separating gradually 
from aqueous methy] alcohol in needles, m. p. 179—180° after slight sintering. It was insoluble 
in sodium bicarbonate solution, and could be recovered unchanged after heating with strong 
alkali (Found : C, 38-8; H, 3-3. C,.H,,0O,Br, requires C, 38-7; H,3-2%). Four attempts were 
made under different conditions to prepare this substance directly from dibromoleucodrin by 
the action of diazomethane. From only one of the products, however, was it obtained, and 
even then its purification was a long process. 

Oxidation of Leucodrin Methyl Ether with Lead Tetra-acetate—Leucodrin methyl ether 
(5 g.) was dissolved in pure acetic acid (75 c.c.), an excess of lead tetra-acetate (6 g.) added, and 
after 24 hours the mixture was warmed at 50° for } hour and an aqueous solution of sodium 
sulphate was added to destroy the excess of the tetra-acetate and to precipitate lead salts. The 
filtered solution was evaporated in a vacuum; on addition of Brady’s reagent to the distillate, 
formaldehyde-2 : 4-dinitrophenylhydrazone was obtained, identified by a mixed m. p. test with 
an authentic specimen. The residue was viscous, and the organic material was extracted from 
it with ether. Evaporation of the dried extract, however, gave an oil, from which nothing 
crystalline could be obtained by the action of solvents, of ketonic reagents, or of acetic anhydride ; 
with Brady’s reagent it gave a non-crystalline product which was obviously a mixture. The 
same types of products were obtained from leucodrin itself, and from dibromoleucodrin, even 
when periodic acid was used in place of lead tetra-acetate. c 
Monoacetyl-leucodrin Methyl Ether.—Acetylisopropylideneleucodrin methyl ether (6 g.) was 
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dissolved in acetic -acid (48. cc,), and-concentrated hydrochloric acid (0-9 c.c.) added. The 
mixture was heated in a water-bath at 60° for 1 hour, and water then added. The product 
crystallised on scratching, ‘and separated from dilute acid in colourless needles, m. p. 102—103° 
(Found: C, 54:4; H, 5-5. C,,H,,O,,H,O requires C, 54:3; H, 55%). After treatment with 
lead tetra-acetate in acetic acid solution for 4 hours at 70°, it was recovered unchanged. 

isoPropylideneleucodrin Dimethyl Ether.—After two treatments with silver oxide and methyl 
iodide in pure acetone solution, a product was obtained which crystallised from slightly aqueous 
alcohol in plates, m. p. 123-5—124-5° [Found : C, 61-4; H, 6-2; OMe, 16-0. C,,H,,0,(OMe), 
requires C, 61-2; H, 6-1; OMe, 15-8%]. On hydrolysis with hydrochloric acid in alcoholic 
solution, it gave a viscous oil. It is presumably an isopropylideneleucodrin dimethyl ether. 
On treatment with lead tetra-acetate in the usual way it was not attacked (the mixture failed to 
react with ketonic reagents). With hydrogen peroxide in alkaline solution it yielded anisyl- 
succinic acid. Left in contact with acetic anhydride and pyridine for 36 hours, it failed to give 
a crystalline acetyl derivative, behaving very much like leucodrin methyl ether in this 
respect. 

Leucodrin Tetramethyl Ethery.—After four successive treatments with methyl iodide and 
freshly prepared silver oxide, leucodrin gave a product which crystallised in contact with alcohol, 
separating from this solvent in prisms, m. p. 123—124° [Found: C, 59-7; H, 6-2; OMe, 32-4. 
C,;H,,0,(OMe), requires C, 60-0; H, 6-3; OMe, 32-6%]. Ina typical attempt to degrade this 
substance with potassium permanganate, it was dissolved (5 g.) in aqueous alkali, and 4% 
permanganate solution [200 c.c. (9 O) and, after 20 hours, a further 100 c.c.] added; anisic acid 
was ultimately isolated, together with unchanged material (1—2 g.). 

Solutions of the tetramethyl ether in alkali did not deposit this substance on acidification 
unless heated. The ether (accurately weighed) was therefore dissolved in the requisite amount 
of 0-2n-alkali, and the cooled solution acidified with a measured excess of a standard periodic 
acid solution. After 2 hours, the periodic acid was estimated iodometrically; none had been 
consumed. 

Nitroleucodrin Tetramethyl Ether —Leucodrin tetramethyl ether (0-2 g.) was heated on the 
water-bath for 20 minutes with a mixture of nitric acid (2-5 c.c.), water (1+5 c.c.), and acetic 
acid (lc.c.). The product, precipitated from the mixture by the addition of water and cooling, 
crystallised from ethyl alcohol in rhombohedral prisms, m. p. 162—163° (Found: C, 53-3; 
H, 5:3; N, 3-3. C,,H,,;0,).N requires C, 53-6; H, 5-4; N, 3-3%). In an attempt to obtain 
degradation products from this substance, it was heated with concentrated nitric acid at 100° 
for 3days. On dilution with water, solid material separated, which was separated into an acidic 
and a non-acidic fraction by the action of sodium bicarbonate solution. The neutral fraction 
predominated and was identified as the initial material. The acid fraction was recrystallised 
six times from aqueous methyl] alcohol, its m. p. rising gradually to 139—140-5° [Found : 
C, 50-4; H, 4-8; N, 3-5; OMe, 21-3; equiv., 142. C,,H,,0,,N (two lactone groups and one acidic 
group) requires C, 50-7; H, 4-7; N, 3-3; OMe, 21-3%; equiv., 142]. Noother product could be 
isolated. 

The ethyl ester of this acid crystallised from its solution in dry alcoholic hydrogen chloride 
when this was left overnight. It was not very soluble in alcohol, and was recrystallised from 
aqueous acetone, separating in rectangular prisms, m. p. 169-5—170-5° (Found: C, 52-8; 
H, 5-0. CygH,,0,,N requires C, 52-9; H, 5-3%). 

Bromoleucodrin Tetramethyl Ether.—The ether (2 g.) was dissolved in methyl alcohol, and a 
solution of bromine (1 c.c.) in methyl alcohol added. The alcohol was then distilled off,and the 
solid residue recrystallised from ethyl alcohol. It separated in radiating clusters of prismatic 
crystals, m. p. 158-5—159-5° [Found: C, 49-1; H, 4:8. C,;H,,BrO,(OMe), requires C, 49-6; 
H, 5-0%). It was dissolved in a dry alcoholic solution of ammonia and kept for 36 hours. 
On evaporation of the alcohol in a vacuum, a residue was obtained which would not crystallise. 
It dispersed in water to give an opaque solution, and when this was warmed with dilute acid 
the initial material was regenerated. The same type of product was obtained under similar 
conditions from leucodrin methyl ether. 

Oxidation of Leucodrin Methyl Ether with Alkaline Hydrogen Peroxide.—The ether (3 g.) 
was dissolved in 20% sodium hydroxide solution (10 c.c.), and 30% hydrogen peroxide (11 c.c.) 
added. The temperature was kept at 30—35° for 2 hours, hydrogen peroxide (19 c.c. of 30%) 
added, and the temperature raised to 45° for 3 hours. On acidification there was a vigorous 
effervescence and crystals separated. These were recrystallised from slightly alcoholic water, 
separating in elongated rectangular plates, m. p. 199-5—200-5°, decomp. with evolution of gas 
above 205° [Found : C, 58-8; H, 5-3; OMe, 14-4; equiv., 112. Calc. for C,,H,,0, (dibasic) : 
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C, 58-9; H, 5-3; OMe, 13-9% ; equiv., 112]. It gave a positive fluorescein reaction when treated 
with sulphuric acid and resorcinol, and with acetyl chloride gave an anhydride, m. p. 91°, from 
which the initial material could be regenerated with water. Anisylsuccinic acid has been 
reported (J., 1924, 127, 560; J. Amer. Chem. Soc., 1928, 50, 2836) to give an anhydride, 
m. p. 91°, and to melt between 195° and 207° according to the rate of heating. 
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235. Studies in the Diazotisation and Nitrosation of Amines. 
Part IV. A General Interpretation of the Reaction. 


By J. CAMPBELL EARL and Noet G. HILts. 


From an examination of the experimental evidence it is concluded that the primary 
reaction between nitrous acid and amines is an addition of the amine to undissociated 
nitrous acid acting as a nitroso-compound. Previous workers have interpreted 
experimental results they have obtained as indicating that the reaction, in some cases, 
is one of the third order. An attempt is made to explain this apparent contradiction. 


IN the earlier papers of this series a considerable amount of experimental evidence has been 
accumulated on the matter of the action of nitrous acid on amines. This is now 
supplemented and an attempt is made to provide a general interpretation of the reaction 
which is in accord with all the experimental data. 

In the discussion which follows, special attention is directed to five observations of 
particular interest. 

(1) Methylamine nitrite in 0-05N-aqueous solution is stable at 25° (Taylor, J., 1928, 
1099). The addition of nitrous acid brings about its decomposition, but the rate of 
decomposition is retarded if sulphuric acid is present at the same time. 

(2) Aniline nitrite, although it dissolves in water to an initially clear solution, 
decomposes rapidly, the solution becoming cloudy almost immediately owing to the 
precipitation of diazoaminobenzene (Earl and Hall, J. and Proc. Roy. Soc. N.S.W., 1932, 
66, 454). 

(3) Methanol solutions of secondary amine nitrites with limited additions of hydro- 
chloric acid show remarkable and definite conductivity changes on standing. The 
conductivity remains constant for a time inversely proportional to the amount of acid 
added and then rises rapidly to another constant value (Earl and Hall, J., 1933, 510; Earl 
and Hills, J., 1938, 1954). 

The above observations are now supplemented by further experimental evidence, 
given below. 

(4) The effect of adding hydrochloric or sulphuric acid to 0-15n-solutions of dimethyl- 
amine nitrite at 5° has been studied, It is found that the decomposition of the nitrite is 
accelerated by the acid, but there is an optimum ratio of acid to nitrite at which the 
decomposition takes place most rapidly. The following table summarises the observations : 


Mol. of acid per SG , 1a balsimnmen hence 2 nn 0-3 0-5 0-7 1-0 
HCl; % nitrite remaining after 3 hours ............... 98-0 94-7 92-7 94-7 98-7 
H,SO,; % nitrite remaining after 5 hours ............ 96-9 _ 90-7 93-3 97:3 


(5) It has been possible to follow the conductivity changes during the nitrosation of 
methylaniline in aqueous solution by choosing an appropriate dilution (m/100) so that the 
nitrosoamine remained in solution at the end of the reaction. The, temperature was kept 
low (5°) to diminish the reaction velocity. The conductivity-time curves (Fig. 1) show an 
initial fall in conductivity, followed by a rise which is more or less pronounced according 
to the amount of hydrochloric acid present at the commencement of the reaction and is 
not observed when no acid has been added. 

General Discussion.—Taylor (loc, cit.) followed the decomposition of methylamine 
nitrite in the presence of nitrous acid by determining the amount of methylamine which 
could be liberated from time to time by the addition of alkali. The velocity constant 
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corresponded to a reaction of the third order and the conclusion reached after a careful 
discussion of the experimental results was that the reaction involved methylammonium 
and nitrite ions and undissociated nitrous acid. For the decomposition of ammonium 
nitrite a similar conclusion was reached by Abel, Schmid, and Schafranik (Z. physikal. 
Chem., Bodenstein Festband, 1931, 510), using entirely different methods. Nevertheless, 
it is difficult to picture a mechanism involving the postulated reactants. 

In a study on the aliphatic amine nitrites, Adamson and Kenner (J., 1934, 839) suggest ed 
that amines react with undissociated nitrous acid in the same way as with nitroso- 
compounds and with carbonyl compounds. They considered that the reaction involves 

free amine, undissociated nitrous acid and 
Fic, 1. protons. The experimental evidence which 
has been presented in this series of papers 
supports the explanation offered by Adamson 
and Kenner, rather than the more generally 
accepted view that the reaction is between 
substituted ammonium ions and nitrous acid 
(cf. Reilly and Drumm, J., 1935, 871). At 
this stage we prefer to consider the primary 
reactions as a simple addition in accordance 
with the equation 


HO:N:0 + NHR, —> (HO),N-NR, . (A) 


without taking account of the possible inter- 
vention of protons. That is, it may be 
regarded as analogous to the first stage of 
the reaction of a primary amine with a 
nitroso-compound to form an azo-compound. 

The supposition that free amine and 
nitrous acid are the essential reactants is 


wk OFmol. HCl quite in accord with Taylor’s observation 
of the stability of 0-05N-solution of methyl- 
Minutes. amine nitrite. For such a solution it can be 
m/100-Methylaniline and m/100-nitrous acid. calculated by the formula X = /K,/K,K, 
T = 5°. (X =degree of hydrolysis; K,, the ionic 
product of water ; K, and Ky the dissociation 
constants of methylamine and nitrous acid respectively) that only 0-000235 of the dissolved 
salt is hydrolysed to free base and nitrous acid. The actual concentration of each of the 
two reactants would therefore be 0-000012n. The concentration of undissociated nitrous 
acid would be further lowered by the electrolytic dissociation of part of it into H* and 
NO, ions. In these circumstances it is understandable that the reaction would proceed 
too slowly to be measured. Addition of nitrous acid increases the concentration of that 
reagent and consequently accelerates the reaction. The addition of a strong acid has two 
effects: (a) the liberation of free nitrous acid from the methylamine nitrite, (b) salt 
formation with the amine. Naturally a point is reached at which the increase in concentra- 
tion of nitrous acid does not compensate for the diminution of the available free amine, so 
that there is an optimum addition of acid as shown in the experiments (v.s.). 

On the other hand, in a dilute solution of aniline nitrite, calculation shows that 0-201 
is hydrolysed to free amine and nitrous acid, giving for a 0-05n-solution a working 
concentration of 0-01N-nitrous acid and amine. Under these conditions it is reasonable to 
expect that the reaction represented by equation (A) would proceed readily andthe 
instability of an aqueous solution of aniline nitrite is explained. 

A comparison of the conductivity changes observable when methylaniline is nitrosated 
in methanol and in water also leads to an interpretation of the reaction in the sense of 
equation (A). It is true that the behaviour of the methanol reaction-mixture can be 
explained plausibly as involving methylanilinium ions and nitrous acid (Earl and Hall, 
loc. cit.); but an equally plausible explanation which has the advantage of fitting in with 





0:2mol. HCL 











[1939] Diazotisation and Nitrosation of Amines. Part IV. 1091 


the other evidence, can be given. In the reaction mixture the following systems are 
operating : 
C,H,'NH,(CH,)-NO, <> C,H,-NH,CH; + NO, 


vt 
C,H,;"NH-CH, + HNO, 
+ _ 
C,H,*NH,(CH,)Cl <” C,H,*"NH,°CH, + Cl 


vt 
C,H,-NH-CH, + HCl 
HNO, + CH,°OH < CH,‘O-NO + H,O 


In view of the known ease of esterification of nitrous acid, it may be assumed that very 
little free nitrous acid is present in the reaction mixture. In the early stages of the 
reaction the reactants are furnished from 
system (a) alone, that is, the reaction proceeds 
as it does when no hydrochloric acid is present. 
The later stages of the reaction call upon 
the systems (b) and (c). The hydrogen-ion 
concentration necessarily increases, because 
hydrochloric acid is liberated, and in the pres- 
ence of increased hydrogen-ion concentration 
the system (c) becomesmore labile and liberates 
nitrous acid more easily. Therefore the re- 
action proceeds rapidly to a conclusion. 

With an aqueous reaction mixture system 
(c) does not come into consideration. There 
is no increase in the availability of nitrous acid 
as the hydrogen-ion concentration increases. 
In consequence the final rise in conductivity 
is more gradual, especially when the initial 
concentration of acid is low. 

It must be noted that the conductivity—time 

curves do not give any indication as to the 
velocity with which the reaction is proceeding 
at any particular instant. Measurement of 
the rate of disappearance of the nitrite shows 
this quite clearly. Methanol solutions of | 
both #-toluidine nitrite and N-methyl-p- enaadiitie: > > ao mM 
toluidine nitrite showed a regular disappearance hichslionliies :auk cine acid (aqueous 
of nitrite at second-order rate in the absence solution). Concn., m/1000; T, 5°. 
of acids (Earl and Laurence, this vol., p. 419). 
Methylaniline nitrite in aqueous solution disappears at a regular rate in the presence of 
acids, although the reaction was accelerated by increasing the proportion of acid (Fig. 2). 
It can be seen by comparison with the conductivity-time curves that the time at which 
the rate of disappearance of nitrite commences to decrease corresponds approximately 
with that of minimum conductivity and that when the reaction is complete no further 
conductivity changes occur, but no other connection between the two series of curves can 
be traced. 

From the evidence given, it may be reasonably concluded that the fundamental reaction 
of diazotisation and nitrosation is that represented by equation A. A possible inner 
mechanism of the reaction was suggested by Adamson and Kenner (loo. cit.), but there is 
at present little direct experimental evidence to support it. It does appear, however, that 
their conclusion that the reaction involves free amine and undissociated nitrous acid is 


justified by the evidence discussed in this paper. 
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Taylor’s interpretation of his observations on methylamine nitrite showed that the 
decomposition with excess of nitrous acid is a reaction of the third order. Since then, he 
has expressed some doubt as to the exact significance of his interpretation (Sidgwick’s 
“‘ Organic Chemistry of Nitrogen,’’ 1937 edn., p. 24). The system present in a solution of 
methylamine nitrite would be 


CH,‘NH,-NO, <> CH,‘NH, + NO, 
Yt 





CH,‘NH, + HNO, 


As has been pointed out, the actual concentrations of free amine and nitrous acid would 
be very small, but the addition of nitrous acid to the system would enable the reaction to 
proceed. The net effect of withdrawing free amine from the system by reaction with the 
added nitrous acid would be a simultaneous decrease in the concentrations of nitrous acid, 
methylammonium and nitrite ions, giving the appearance of a third-order reaction, 
although the actual reactants might be nitrous acid and free amine. 

In continuation of the above work, further experiments are in progress on the effect of 
adding materials of low dielectric constant to an aqueous reaction mixture. Under these 
conditions the electrolytic dissociation of substances present will be depressed, but 
hydrolysis is not likely to be affected in the same degree. 


The grant of a Commonwealth scholarship to one of the authors (N. G. H.) is gratefully 
acknowledged. 
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236. Preparation of m-Dialkylaminobenzaldehydes. 
By WESLEY CocKER and J. O. Harris. 


m-Diethyl-, -di-n-propyl-, -diallyl-, and -dibenzyl-aminobenzaldehydes have been 
prepared according to the method of Cocker, Harris, and Loach (J., 1938, 751). Their 
basic properties are discussed. 


INVESTIGATIONS of the condensation products of m-dimethylaminobenzaldehyde with a 
number of compounds containing reactive methylene groups suggested the extension to 
other m-dialkylaminobenzaldehydes. The latter compounds are now described, 

When m-aminobenzaldehydedimethylacetal was treated with ethyl sulphate or ethyl 
iodide in presence of sodium carbonate solution, the reaction stopped at the tertiary base 
stage even in presence of a large excess of the alkylating agent. This was confirmed by 
treating m-diethylaminobenzaldehyde with ethyl iodide: the reactants were recovered 
unchanged. However, m-diethylaminobenzaldehyde will form a. methiodide and 
m-dimethylaminobenzaldehyde an ethiodide. 

m-Di-n-propyl-, -diallyl-, and -dibenzyl-aminobenzaldehydes were similarly prepared and 
here again no quaternary salt was produced and even methyl iodide failed to react with 
the pure base in the last two cases. These properties, together with the facts that 
m-diallyl- and m-dibenzyl-aminobenzaldehydes are sparingly soluble in 3N-mineral acid 
and that the chloroplatinates of m-di-n-propyl-, -diallyl- and -diberizyl-aminobenzaldehyde 
are decomposed even on warming with water, point to the weakly basic nature of the 
compounds. ; 

Comment has already been made upon the unusual basic strengths of dimethyl-, 
diethyl-, and di-n-propyl-anilines (Hall and Sprinkle, J. Amer. Chem. Soc., 1932, 54, 
3469; Evans, Gordon, and Watson, J., 1938, 1443), in which series diethylaniline is 
predominantly the most basic and dimethylaniline the least. From the evidence ob- 
tained in the study of the m-dialkylaminobenzaldehydes it seems that the order of the basic 
strengths is not in accordance with the order of the unsubstituted alkylanilines, nor does it 
follow the theoretical order (compare also Watson, Ann, Reports, 1938, 248, etc.). 

















[1939] Preparation of m-Dialkylaminobenzaldehydes. 1093 


Fleissner (Monatsh., 1882, 3, 711) records that the chloroplatinate of di-n-propylaniline 
is decomposed by warm water and Matzuduira (Ber., 1887, 20, 1611) states that the 
hydrochloride of dibenzylaniline is similarly decomposed, observations which coincide with 
the present evidence. 

It appears that steric effects cannot be ignored, since m-diethyl- and m-dipropyl-amino- 
benzaldehydes will form methiodides but not ethiodides, although ethyl iodide would 
be expected to be more reactive than methyl iodide. 





EXPERIMENTAL. 


m-Diethylaminobenzaldehyde.—Crude m-aminobenzaldehydedimethylacetal (prepared from 
m-nitrobenzaldehyde, 76 g.; Cocker, Harris, and Loach, loc. cit.) in ether (50 c.c.) was shaken 
for 7 days with 3/2N-sodium carbonate (3600 c.c.) and ethyl sulphate (300 g.; 2 mols.), each 
added in twelve equal portions. Any remaining ethyl sulphate was then destroyed by heating 
the mixture on the water-bath for 24 hours. The ethereal solution was extracted with two 
lots of 20% hydrochloric acid (200 c.c. each time) and the acid layer was basified and extracted 
several times with ether. Any unchanged m-aminobenzaldehyde was thrown down as an amor- 
phous solid, The ethereal layer was then steam-distilled, the distillate extracted with ether, 
the extract dried over anhydrous sodium sulphate, and after removal of solvent the remaining 
oil was distilled under reduced pressure, m-diethylaminobenzaldehyde being obtained as a pale 
yellow oil (41—42 g.) at 137—-138°/6—7 mm. (Found: C, 74:2; H, 8-7. C,,H,,ON requires 
C, 74-6; H, 8-5%). 

The methiodide separated from alcohol in clusters of colourless, transparent, pointed prisms, 
m, p. 167-5—168° (decomp.) (Found: I, 40-6. (C,,H,gONI requires I, 39-8%). The semi- 
carbazone crystallised from dilute alcohol in long, colourless, rectangular prisms, m. p. 165° 
(Found: C, 62:3; H, 7:7. Cy gH,,ON, requires C, 61-5; H, 7:7%). 3: 3’-Bisdiethyl- 
aminobenzylideneazine formed flat, greenish-yellow, pointed plates, m. p. 114—115°, when 
recrystallised from alcohol (Found: N, 15-8. C,,H;,N, requires N, 16-0%). The 2: 4- 
dinitrophenylhydrazone formed chocolate-coloured micro-prisms, m. p. 197—198°, from alcohol 
(Found: C, 57-1; H, 5-2. C,,H,,0O,N, requires C, 57-1; H, 5-3%). The picrate, recrystallised 
from alcohol, formed large, transparent, greenish-yellow prisms, m. p. 145-5—146° (decomp.) 
(Found: N, 13-5. C,,H,,;ON,C,H,O,N, requires N, 13-8%). The leuco-base of the crystal- 
violet analogue crystallised from alcohol in yellowish-green, four-sided prisms, m. p. 108-5— 
109-5° (Found: N, 10-1. C,,H;,;N; requires N, 10-4%). All attempts to form an ethiodide 
were abortive. 

m-Di-n-propylaminobenzaldehyde.—m-Nitrobenzaldehyde (45 g.) was converted into m- 
aminobenzaldehydedimethylacetal, and this was propylated with n-propyl iodide (170 g.) in 
presence of 3N-sodium carbonate (1200 c.c.) by shaking at room temperature for 21 days and 
then refluxing for 4 days. The product was isolated as described for the lower homologue, 
except that the steam-distillation stage was omitted. As a result the yield of m-di-n-propyl- 
aminobenzaldehyde was lower than anticipated owing to charring during the distillation in a 
vacuum. On redistillation the required compound was obtained as a pale yellow oil (20 g.), 
b. p. 145—148°/5—6 mm. (Found: C, 75-5; H, 9-0. C,s;H,,ON requires C, 76-1; H, 9-3%). 
The semicarbazone separated from alcohol in clusters of colourless, transparent prisms, m. p. 
172—172-5° (Found: C, 64-5; H, 8-3. C,,H,,ON, requires C, 64-1; H, 8-4%), and the 
2 : 4-dinitrophenylhydrazone from benzene in long, chocolate-coloured needles, m. p. 207—208° 
(Found: C, 60-0; H, 6-1. C,,H,,0,N, requires C, 59-2; H, 6-0%). The picrate, prepared in 
benzene, was precipitated as an oil, which solidified; recrystallisation from benzene yielded 
bright yellow prisms, m. p. 136—137° (Found: C, 53-0; H, 5-5. C,3;H,,ON,C,H,O,N, requires 
C, 52-6; H, 5-1%). The methiodide, obtained from the base and methyl iodide, crystallised 
from alcohol-ether in flat, transparent, silvery plates, m. p. 152° (Found: I, 40-1. C,,H,,ONI 
requires I, 36-6%). The chloroplatinate separated from alcohol-ether in flat, irregular plates, 
m. p. 178° (decomp.) (Found: Pt, 23-9. 2C,,H,,ON,H,PtCl, requires Pt, 23-8%). 

m-Diallylaminobenzaldehyde.—m-Aminobenzaldehydedimethylacetal (from m-nitrobenz- 
aldehyde, 45 g.) was shaken during 14 days with 3/2N-sodium carbonate (2000 c.c.) and allyl 
bromide (123 g.; 1-7 mols.), each added in three equal portions. The reaction was completed 
by heating on the water-bath for 48 hours and m-diallylaminobenzaldehyde (20 g.) was isolated, 
as described under m-diethylaminobenzaldehyde, as a pale yellow oil, b. p. 131—132°/4 mm., 
which readily decolorised bromine water (Found: C, 77-5; H, 7-4. C,3;H,,ON requires 
C, 77-6; H, 7-5%). 
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The semicarbazone formed colourless, flat, rectangular plates, m. p. 133-5—134°, from alcohol 
(Found: N, 21-8. C,,H,,ON, requires N, 21-7%), and the 2: 4-dinitrophenylhydrazone long, 
deep red prisms or needles, m. p. 165—165-5° (Found: C, 60-4; H, 5-1. C, .H,,0,N, requires 
C, 59-8; H, 50%). The chloroplatinate, prepared in the usual manner, appeared stable only 
in the presence of cold dilute hydrochloric acid and was decomposed on warming with water, 
yielding m-diallylaminobenzaldehyde. After much difficulty it was purified from alcohol 
containing ether and was then deposited in clusters of long, pale yellow needles, m. p. 161° 
(decomp.) with rapid heating. The m. p. varied with rate of heating (Found: Pt, 25-3. 
2C,,H,,ON,H,PtCl, requires Pt, 240%). 3: 3’-Bisdiallylaminobenzylideneazine, recrystallised 
from alcohol, consisted of long lemon-yellow prisms with violet fluorescence when viewed 
through the microscope; m. p. 70—71° (Found: C, 78-5; H, 7-5. CygH39N, requires C, 78-4; 
H, 7-5%). Attempts to form the picrate gave a solid which after long standing separated from 
alcohol in very dark red, wedge-shaped prisms, m. p. 108-5—109° (Found: N, 15-65. 
C,3;H,,ON,C,H,O,N, requires N, 13-0%). The analytical figures indicate its labile nature. 

m-Dibenzylaminobenzaldehyde.—m-Aminobenzaldehydedimethylacetal (from m-nitrobenz- 
aldehyde, 38 g.) was benzylated in ethereal solution with benzyl bromide (146 g.; 1-7 mols.) 
and 3n-sodium carbonate (1500 c.c.), added in five equal portions during 14 days. The reaction 
was completed on a steam-bath and the m-dibenzylaminobenzaldehyde, isolated as in the case of 
the other aldehydes, was purified by two distillations under reduced pressure. It had b. p. 
230—231°/7 mm. and solidified on standing (25 g.). It was recrystallised with great difficulty 
from methyl alcohol, in which it was extremely soluble, forming almost colourless, short, 
rectangular prisms, m. p. 59—60° (Found: C, 83-3; H, 6-2; N, 5-1. C,,H,,ON requires 
C, 83-7; H, 6-3; N, 46%). 

The semicarbazone, recrystallised from alcohol, consisted of colourless, transparent needles, 
m. p. 185—185-5 (Found: N, 16-1. C,,H,,ON, requires N, 15-6%). The oxime crystallised 
from dilute alcohol in flat, wedge-shaped plates, m. p. 125—126° (Found: C, 79-7; H, 6-2. 
C,,H,,ON, requires C, 79-7; H, 6-3%). The 2: 4-dinitrophenylhydrazone crystallised from benzene 
in long orange prisms or needles, m. p. 230—231° (Found: C, 67-9; H, 5-1. (C,,H,,0,N, re- 
quires C, 67-4; H, 48%). 3: 3’-Bisdibenzylaminobenzylideneazine was deposited from alcohol 
in pale yellow, pointed plates or prisms, m. p. 167—167-5° (Found : C, 83-9; H, 6-35. C,H ,N, 
requires C, 84-3; H, 6-35%). Attempts to obtain a pure specimen of the chloroplatinate were 
abortive. The crude material had m. p. 124—125°. It was extremely soluble in alcohol and 
attempted recrystallisation from this solvent gave anoil. Attempted recrystallisation from hot 
water gave a strong odour of benzyl chloride. Attempts to form a methiodide were futile. 


The authors’ thanks are due to the Chemical Society for a grant. 
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237. Normal and Abnormal Reactions of the Sodium Derivatives of 
Aromatic Thiols with Halogenonitro-naphthalenes and -benzenes. 


By HERBERT H. HopcGson and Eric LEIGH. 


The anomalies previously described (J., 1938, 1031) have likewise been established 
for the reactions of the sodium salt of 4-nitronaphthalene-1-thiol with 2-bromo- and 2- 
iodo-1-nitronaphthalene and also with 2-bromo- and 2-iodo-1l-nitrobenzene. The 
reactions between 2-chloro-1-nitronaphthalene and the sodium salts of benzene-, the 
two naphthalene-, and the two anthraquinone-thiols, however, give the normal antici- 
pated sulphides. These results appear to support the previous tentative explanation of 
the anomalies. 


THE anomalous reactions of the sodium salt of 4-nitronaphthalene-1-thiol with 2-chloro- 
1-nitronaphthalene and with 2-chloro-l-nitrobenzene to form 4: 4’-dinitro-1 : 1’-dinaph- 
thyl sulphide and 4-nitrophenyl 4-nitro-l-naphthyl sulphide respectively (Hodgson and 
Leigh, J., 1938, 1031) have been repeated with 2-bromo- and 2-iodo-]-nitronaphthalenes, 
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and with 2-bromo- and 2-iodo-l-nitrobenzenes, and the same anomalous phenomena 
established, viz., the formation of 4 : 4’-dinitro-1 : 1’-dinaphthyl sulphide and of 4-nitro- 
phenyl 4-nitro-l-naphthyl sulphide respectively. 

When, however, the sodium salt of benzenethiol reacts with 2-chloro-l-nitro- and 1- 
chloro-4-nitro-naphthalene, the normal reactions occur, viz., formation of phenyl 1-nitro- 
2-naphthyl sulphide and phenyl 4-nitro-1-naphthyl sulphide respectively. The correspond- 
ing normal reactions with o- and #-chloronitrobenzenes are well known (Mauthner, Ber., 
1906, 39, 3597; Kehrmann and Bauer, Ber., 1896, 29, 2364). Similarly the sodium salts 
of naphthalene-1- and -2-thiols react normally with 2-chloro-1-nitro- and 1-chloro-4-nitro- 
naphthalenes to give the expected sulphides. Analogous normal behaviour has like- 
wise been found for the reactions between the sodium salts of anthraquinone-l- and -2- 
thiols and 2-chloro-1-nitro- and 1-chloro-4-nitro-naphthalene. 

The normal reactions now recorded support the tentative explanation of the anomalies 
already given (loc. cit.) inasmuch as the absence of the restraining nitro-group in the 
benzenethiol, 1- and 2-naphthalenethiol, and 1- and 2-anthraquinonethiol ions formed 
after the initial separation of the sodium and chlorine as ions enables combination to occur 
between the charged aromatic residues before any electrical rearrangements can take place 
in the residual 1-nitronaphthy] ion from the 2-chloro-1-nitronaphthalene. 


EXPERIMENTAL. 


Phenyl 1-Nitro-2-naphthyl Sulphide.—Benzenethiol was prepared by the normal method 
from benzenesulphonic acid, its solution in aqueous alcoholic sodium hydroxide treated with 
the stoicheiometric amount of 2-chloro-1-nitronaphthalene, and the mixture boiled for 1 hour. 
After steam-distillation, the solid non-volatile residue was crystallised from 75% aqueous 
alcohol or 75% aqueous acetic acid, phenyl 1-nitro-2-naphthyl sulphide being obtained in primrose- 
yellow plates, m. p. 58—58-5° (Found : N, 5-1; S, 11-5. C,gH,,O,NS requires N, 5-0; S, 11-4%), 
soluble in acetone, acetic acid, acetic anhydride, alcohol, benzene and chloroform. It gave 
with cold con entrated sulphuric acid a bluish-violet colour, which turned deep blue and bluish- 
black on heating and reddish-violet on dilution with water. 

Phenyl 4-nitro-1-naphthyl sulphide, similarly obtained from 1-chloro-4-nitronaphthalene, 
crystallised in silky yellow needles, m. p. 105-5—106° (Found : N, 5-1; S, 11-5%); it resembled 
the isomeride in solubility, and gave with cold concentrated sulphuric acid an intense port-wine 
colour, which became light brown on heating and yellow on dilution with water. 

Preparation of Naphthalene-1- and -2- and Anthraquinone-1- and -2-thiols and Condensation of 
their Sodium Salis with 2-Chloro-1-nitro- and 1-Chloro-4-nitro-naphthalene.—Naphthalene- and 
anthraquinone-a- and -f£-sulphonic acids were each fractionally crystallised twice from boiling 
water, the first crystalline fraction of the a-compounds and the last fraction of the B-compounds 
being rejected. The purified sulphonic acids were severally heated with equal weights of phos- 
phorus pentachloride at 120—130° in an oil-bath for 14—2 hours, the products stirred with ice, 
and the insoluble sulphony]l chlorides washed with water until free from hydrochloric acid and 
dried between filter-paper (yield, 65—70%). For conversion into the thiol, the sulphonyl 
chloride (5 g.) was mixed with concentrated hydrochloric acid (25 c.c.) and water (100 c.c.), 
treated with granulated tin (10 g.), added portionwise, and the mixture boiled under reflux 
for 3 hours. The isolation of naphthalene-1-thiol was effected by steam-distillation, but 
naphthaiene-2-thiol and anthraquinone-1- and -2-thiols were separated by filtration, and any 
excess of tin removed by hand. A solution of each thiol (5 g.) in the minimum amount of 
boiling ethyl alcohol was treated with a boiling saturated solution of 2-chloro-1-nitronaphtha- 
lene (6-5 g.) or 1-chloro-4-nitronaphthalene (6-5 g.), and the mixture, after addition of 20% 
aqueous sodium hydroxide (10 g.), boiled under reflux for 2 hours and then kept overnight. 
The product was separated from the liquid while boiling and crystallised from glacial acetic 
acid. The colours given with cold concentrated sulphuric acid are stated after each m. p. 

1-Naphthyl 1-nitro-2-naphthyl sulphide formed yellow crystals, m. p. 107° (depressed by the 
following isomeride) (dark blue) (Found: C, 72-3 H, 3-7; S, 9-9. C,9H,,0,NS requires C, 
72-5; H, 3-9; S, 9-7%). 

4-Nitrodi-1-naphthyl sulphide crystallised in greenish-yellow cubes, m. p. 127° (bright red, 
quickly turning dark brown) (Found: C, 72-4; H, 3-9; S, 9-8%). 

1-Nitrodi-2-naphthyl sulphide formed brownish-yellow plates, m. p. 91° (depressed by the 
following isomeride) (dark green) (Found : C, 72:3; H, 3-7; S, 9-8%). 
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2-Naphthyl 4-nitro-1-naphthyl sulphide crystallised in yellow needles, m. p. 151° (red, quickly 
turning light brown) (Found: C, 72-5; H, 3-8; S, 9-9%). 

1-Nitro-2-naphthyl 1-anthraquinonyl sulphide formed silvery-brown leaflets, m. p. 435° 
(decomp.) (greenish-yellow) (Found : C, 69-7; S, 8-0. C,,H,,;0,NS requires C, 70-0; S, 7-8%). 

4-Nitro-2-naphthyl 1-anthraquinonyl sulphide formed brown micro-plates, no m. p. (dark red) 
(Found: C, 69-8; S, 7-9%). 

1-Nitro-2-naphthyl 2-anthraquinonyl sulphide formed brown micro-crystals, m. p. 384° 
(decomp.) (greenish-yellow) (Found: C, 69-8; S, 80%). 

4-Nitro-2-naphthyl 2-anthraquinonyl sulphide crystallised in light yellowish-brown prisms, 
m. p. 238° (bright purple) (Found: C, 69-9; S, 7-9%). 

Note on the Melting Points of the Naphthyl Anthraquinonyl Sulphides.—Rapidly heated near 
a naked Bunsen flame, three of the above compounds melted, but with gradual rise of tempera- 
ture during 20 minutes decomposition took place in each case before the m. p. was reached. 
The following device was therefore adopted: A heating block at 500° was allowed to cool 
gradually and melting point tubes were inserted in it at temperatures near the m. p.’s of the 
substances, which had previously been approximately determined. The first points at which 
no melting occurred were thus found, and the m. p.’s recorded are 1° higher than these values. 


The authors thank Mr. E. Marsden, B.Sc., for valuable help and Imperial Chemical Industries 
Ltd. (Dyestuffs Group) for various gifts. 
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238. Acid Catalysis in Non-aqueous Solvents. Part VII. The 
Rearrangement of N-Bromobenzanilide in Chlorobenzene. 


By R. P. Bett and O. M. LIDWELL. 


The kinetics of the acid-catalysed rearrangement of N-bromobenzanilide have 
been studied in chlorobenzene solution at 25°. There is, in general, some variation of 
catalytic constant with acid concentration, but the catalytic constants extrapolated 
to zero concentration bear a simple relation to the dissociation constants in water in 
the case of the eight acids studied. 


PREVIOUS papers in this series (Beli, Proc. Roy. Soc., 1934, 148, A, 1,377; Belland Levinge, 
ibid., 1935, 151, A, 211) have dealt with the rearrangement of N- into #-bromoacetanilide. 
The present paper describes similar investigations of the analogous rearrangement of 
N-bromobenzanilide. Although the general behaviour is similar in the two cases, there 
are quantitative differences which are of interest. 


EXPERIMENTAL. 


Preparation of Materials —N-Bromobenzanilide was prepared by slowly adding (} hour) 
a slightly warm solution of benzanilide in the minimum quantity of alcohol to an aqueous 
solution of hypobromous acid containing potassium bicarbonate, which was mechanically 
stirred and cooled in a freezing mixture during and for 1 hour after the addition (cf. Chattaway 
and Orton, Ber., 1899, 32, 3580; Slosson, ibid., 1895, 28, 3265; Amer. Chem. J., 1903, 29, 
289). The purity of the product is considerably affected by the concentration of hypobromous 
acid used, a five-fold excess of n/30-acid being best. This gave an almost quantitative yield 
of a buff-coloured powder having about 90% of the theoretical oxidising power towards potas- 
sium iodide. The impurity present was essentially p-bromobenzanilide, Stock solutions were 
made by leaching the crude N-bromo-compound with a little solvent on a filter, and diluting 
the concentrated solution to about m/10; the ~-bromo-compound did not dissolve. The stock 
solutions were kept in the dark in a desiccator, but were somewhat unstable; however, the 
rate of decomposition was negligible compared with even the slowest catalysed reactions 
measured. On standing for a long time, these solutions deposited crystals of p-bromobenz- 
anilide, m. p. 198° (uncorr.) (Beilstein gives 202°). 

Attempts to prepare N-bromobenzanilide by shaking a chloroform solution of benzanilide 
with aqueous hypobromous acid (cf. Chattaway, J., 1902, 101, 816) never gave an appreciable 


yield. 
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Chlorobenzene was dried over phosphoric oxide and fractionally distilled. 

The acids were pure commercial specimens used without further purification, except that 
monochloroacetic acid was recrystallised from benzene, phenylacetic and m-nitrobenzoic acids 
from aqueous alcohol, and acetic acid was twice frozen and the crystals separated. 

Measurement of Reaction Velocity—The acid solutions were made up by weight, and their 
concentrations checked by titration. The reaction mixtures were made up by volume from 
the stock solutions, and the catalyst concentration calculated in weight molar units, the differ 
ences in density between the various solutions being neglected. The error in this procedure is 
never more than a few units %, and is less than the uncertainty in the velocity measurements. 
The concentration of N-bromobenzanilide was throughout about 0-005m. 

The reactions took place in vessels of the type described by Bell and Levinge (Joc. cit.), which 
were covered with tin-foil to exclude light. The reaction was followed by withdrawing 2-c.c. 
samples at intervals and titrating the iodine liberated from potassium iodide with n/100-thio- 
sulphate, a micro-burette being used. The titres were reproducible to 0-01 c.c. With the 
exception of some experiments in which the catalyst was trichloroacetic acid (see Table I), 
the course of the reactions was always of the first order kinetically, and was usually followed 


Non-aqueous Solvents. 


TABLE I. 
Dichloroacetic acid. 
10°k, = 1-53 — 1-9c. 


Trichloroacetic acid. 
10k, = 1-05 + 6-0c. 


C. 
0-00615 
0-00860 
0-0122 
0-0245 
0-0245 
0-0368 
0-0490 

*0-0490 
*0-0612 
*0-0734 
*0-0945 


107k. 
0-064 
0-097 
0-147 
0-290 
0-304 
0-474 
0-624 
0-80 
1-56 
2-48 
5-45 


Phenylpropiolic acid. 
107k, = 0-60 — 1-9c. 
107k, (obs.). 


10°. 

0-124 
0-133 
0-235 
0-351 
0-305 
0-360 


10k, (obs.). 


1-04 
1-13 
1-20 
1-18 
1-23 
1-29 
1-27 
1-63 
2-57 
3-38 
5-60 


0-54 
0-57 
0-51 
0-51 
0-44 
0-43 


10k, (calc.). 


1-09 
1-10 
1-12 
1-20 
1-20 
1-27 
1-34 

(1-34) 

(1-42) 

(1-49) 

(1-62 


10k, (calc.). 


0-56 
0-56 
0-51 
0-47 
0-47 
0-44 


B-Chloropropionic acid. 
10°k, = 0-53 (mean value). 


c. 
0-0189 
0-0756 
0-0945 
0-151 
0-189 


* In these experiments there was a considerable deviation from a unimolecular course, there being 
ar earth retardation as the reaction proceeded. The velocity constants given correspond to the 


initial rates 


1042. 
0-100 
0-390 
0-510 
0-786 
1-01 


10°k,. 
0-53 
0-52 
0-54 
0-52 
0-53 


10°. 
0-382 
0-772 
1-08 
1-41 
1-71 


10°k, (obs.). 
14-5 
14-6 
13-7 
13-4 
12-4 


Monochlovoacetic acid. 
108k, = 1:98 — 4-9c. 


0-051 
0-076 
0-125 
0-172 
0-167 
0-208 
0-192 


1-82 
1-81 
1-51 
1-54 
1-21 
1-16 
0-92 


m-Nitrobenzoic acid. 
10°k, = 1-09 — 5-5c. 


104k. 

0-203 
0-284 
0-334 
0-490 
0-540 


10°, (obs.). 
0-98 
0-82 
0-97 
0-71 
0-53 


Acetic acid. 


10°k, = 0-34 — 0-16c. 


0-34 
0-71 
1-01 
1-23 
1-38 


0-31 
0-32 
0-27 
0-27 
0-25 


Phenylacetic acid. 


10°k, 
c. 
0-064 
0-096 
0-160 


= 0-56 (mean value). 


104. 
0-347 
0-566 
0-890 


10°k, (calc.). 


14-8 
14-3 
13-8 
13-3 
12-7 


. bode kobe x 
© & Go Or -3 Go 
ASOSH IBA 


10°, (calc.) 


0-98 
0-90 
0-90 
0-71 
0-52 


10°k,. 


0-54 
0-59 
0-56 
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over about two-thirds of its course. The velocity constants were evaluated graphically by 
plotting the logarithm of the titre against the time. 

Results.—In Table I the concentrations are expressed as moles per 1000 g. of solution, and 
the velocity constants k are first-order constants with the time in minutes and decadic 
logarithms. The catalytic constants k, are given by k, = k/c. The equations representing 
the variation of catalytic constant with concentration are given before the results for each acid. 


Discussion of Results. 


It will be seen that for most of the acids used there is some variation of catalytic constant 
with acid concentration, which can be expressed as a linear dependence. This type of 
variation was also found for N-bromoacetanilide, and appears to be a general phenomenon 
for catalysis by carboxylic acids in non-dissociating solvents (cf. Brénsted and Bell, J. 
Amer. Chem. Soc., 1931, 58, 2478; and earlier papers of this series). Various possible 
explanations have been previously discussed, and the results described here do not throw 
any new light on this problem. In comparing the catalytic power of the acids with their 
dissociation constants we have used the catalytic constants at infinite dilution, as was 
done in the case of N-bromoacetanilide. These extrapolated values are collected in Table 
II, together with the dissociation constants of the acids in water at 25°. The figure 
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shows the relation between log, k, and log,, K,, the full line representing the equation 
ky = 0-0078K ,°*. 


TABLE II. 


Catalyst acid. Ky. Catalyst acid. 
Trichloroacetic .........+.. x 107 m-Nitrobenzoic ............ 
Dichloroacetic ............ x 10°? B-Chloropropionic 
Phenylpropiolic 9 x 10° Phenylacetic ...........+++ 
Monochloroacetic 38 x 10° DIGEED senvcssnccsversesvosees 


The general behaviour of N-bromobenzanilide is thus very similar to that of N-bromo- 
acetanilide. There is, however, a striking difference in the exponents of the Brénsted 
relation, the results for N-bromoacetanilide at 25° (Bell, Proc. Roy. Soc., 1934, 143, A, 
477) being represented by k, = 0-017K,°?" when converted into the units used in the 
present paper. This equation is represented by the broken line in the figure, and it will 
be seen that the two lines cross; 4.e., with the stronger acids N-bromoacetanilide is trans- 
formed more slowly than N-bromobenzanilide, whereas with the weaker acids the reverse 
is the case. If we consider this fact in the light of the theoretical picture which has been 
advanced for proton-transfer reactions (Horiuti and Polanyi, Acta Physicochim. U.R.S.S., 
1935, 2, 505; Bell, Proc. Roy. Soc., 1936, 154, A, 414), it is seen that the change from one 
substrate to another must involve a considerable change in the form of the potential-energy 
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curves concerned, and not merely in their relative height. This aspect of the problem 
will be dealt with more fully in another paper. 

The results with the higher concentrations of trichloroacetic acid are anomalous, the 
sudden large increase in the catalytic constant being accompanied by poor reproducibility 
and departures from the unimolecular law. It seems probable that some new reaction 
mechanism is beginning to play a part, possibly involving free radicals and a chain mechan- 
ism. It may be noted that attempts to study the analogous transformations of N-bromo- 
w-chloro- and N-bromo-wwe-trichloro-acetanilide gave results which were throughout 
very erratic. It is possible that in these cases the reaction takes place predominantly by 
a chain mechanism. Further experiments with N-bromoacetanilide at 25° revealed a 
tendency for the catalytic constant to increase at high concentrations of trichloroacetic 
acid (>0-2m), though to a much smaller extent than with N-bromobenzanilide. These 
anomalies do not appear to affect the results with the lower concentrations of trichloroacetic 
acid, and they are not present with the other acids. 


Our thanks are due to the Chemical Society for a grant. 
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239. The Active Principles of Leguminous Fish-poison Plants. 
Part II. The Isolation of \-Elliptone from Derris elliptica. 


By STANLEY H. HARPER. 


An optically active substance, l-elliptone, isolated from the neutral rotenone-free 
resin from Derris elliptica (var. Sarawak creeping), is shown to be the precursor in the 
resin of Buckley’s substance. From a study of its reactions and by comparison of 
these with the reactions of isorotenone, structure (II, R = H) is suggested for 
l-elliptone. 


ALTHOUGH rotenone, as a constituent of the resin from Derris elliptica root, has been known 
for many years, little progress has been made towards elucidating the chemical constitution 
of the remainder of the resin. D. elliptica resin is characterised by a constant content of 
rotenone (ca. 40%), and the absence of sumatrol and /-«-toxicarol, substances which have 
only been reported from D. malaccensis root (Cahn and Boam, J. Soc. Chem. Ind., 1935, 
54,427; Tattersfield and Martin, ib:d., 1937, 56, 777; Cahn, Phipers, and Boam, J., 1938, 
513; Harper, this vol., p. 812). A portion of the resin (ca. 10%) is soluble in alkali and 
appears to consist solely of emulsifying agents. Fifty % of the resin, to which the term 
“* deguelin ’’ concentrate has been given, remains unaccounted for. Clark (J. Amer. Chem. 
Soc., 1931, 53, 313), by treating this concentrate with alcoholic sodium hydroxide, obtained 
a small yield of d/-deguelin and suggested that deguelin occurred as the levo-form in the 
resin. The analogous racemisations by alkali of /-«-toxicarol and of /-elliptone (see p. 1104) 
make this probable. Later Haller and LaForge (cbid., 1934, 56, 2415), by catalytic hydro- 
genation of this fraction, obtained /-dihydrodeguelin in crystalline form. As yet /-deguelin 
has not been isolated in crystalline form. The claims of Takei, Miyijima, and Ono (Ber., 
1933, 66, 1826) to have done this have not been confirmed by Haller and LaForge (loc. cit.). 
It is evident that /-deguelin is only a part, probably not more than half, of this so-called 
“‘ deguelin ’”’ concentrate. Cahn, Phipers, and Boam (J. Soc. Chem. Ind., 1938, 57, 200tT) 
have obtained evidence for the presence of a small proportion of a wax-like constituent, 
which the author has confirmed (Chem. and Ind., 1938, 57, 1059). Inasmuch as this “ de- 
guelin ’’ concentrate contributes appreciably to the toxicity of the whole resin a knowledge 
of its constituents is desirable. 

Some years ago Buckley (J. Soc. Chem. Ind., 1936, 55, 2851) treated an ethereal solution 
of D. elliptica resin repeatedly with 5% potassium hydroxide solution. On standing, the 
ethereal solution deposited crystalline material, from which a substance, m. p. 183°, was 
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obtained. He reported it as optically inactive, so it was unlikely that it occurred in the 
resin as such. The substance gave a positive Durham test,* was not isomerised by sul- 
phuric acid, and the formation of an oxime and a dehydro-compound showed it to be 
distinct from rotenone and deguelin. Buckley, however, did not make any suggestion as 
to its nature. Recently, the author attempted to fractionate a ‘‘ deguelin ’’ concentrate 
by chromatographic adsorption on alumina (Chem. and Ind., loc. cit.). A small yield of 
crystalline solid was obtained which, by comparison with a specimen kindly sent by Dr. 
Buckley, was shown to be identical with his substance. Analysis established the formula 
Cy9H1g04, which has now been confirmed. From the similarity in properties to ¢sorote- 
none (Cg,H4.0,) (I) and the fact that the formule differ by C,H,, it was suggested that the 
isopropyl group attached to ring E of tsorotenone is absent, 1.¢., the substance has the 
structure (II, R = H). 


MeO 


(I1.) 


CH=CH 


The fact that this substance was optically inactive suggested that it was derived by a 
process of racemisation, caused by the conditions under which it was isolated, from an 
optically active precursor in the resin. A search for this precursor has now been successful. 
An ethereal extract of D. elliptica (var. Sarawak creeping) root was extracted with 5% 
potassium hydroxide solution to remove phenolic substances, the operation being carried 
out as quickly as possible to prevent racemisation. The neutral resin from the ethereal 
layer, on solution in carbon tetrachloride, deposited rotenone as the carbon tetrachloride 
solvate. The filtrate on evaporation gave a yellow resin, which was dissolved in a small 
volume of ether. This solution rapidly deposited a colourless crystalline solid, which 
crystallised from alcohol in needles, m. p. 160°, [«]?” — 18° in benzene and + 53° in acetone. 
This substance, for which the name 1-elliptone is suggested, has the formula C.9H,,0g. 
Racemisation by sodium acetate in boiling alcohol led to a nearly quantitative yield of 
dl-elliptone. A mixture of this with Buckley’s substance showed no depression of melting 
point, indicating their identity. In addition, Buckley’s substance gives derivatives 
identical with those from dl-elliptone. J-Elliptone is therefore the optically active 
precursor of Buckley’s substance. 

When the work described in this paper was nearly completed, the author’s attention 
was drawn to a paper in which Meyer and Koolhaas (Rec. Trav. chim., 1939, 58, 207) 
describe the isolation of Buckley’s substance, and « substance, crystallising from alcohol in 
needles, m. p. 162—163°, [«], — 19° in benzene and + 14° in acetone, for which they estab- 
lish the formula Cy95H,,0,. This would appear to be /-elliptone. Although they do not 
establish any relationship, they suggest that it is possibly the optically active precursor 
of Buckley’s substance. The rotations recorded for /-elliptone and this substance in ben- 
zene are the same, but those in acetone differ markedly. A similar difficulty was encoun- 
tered by the author with regard to /-«-toxicarol (this vol., p. 815), in which preparations of 
the same specific rotation in benzene gave varying rotations in acetone. It was thought 
that the variation may have been due to fluctuation of the water content of the acetone. 
It is not believed that the differences recorded above indicate the non-identity of the two 
substances. Meyer and Koolhaas have suggested the name “ derride ’’ for this substance, 
somewhat unfortunately, as it has already been used by Greshoff (Ber., 1890, 23, 3538) for 
a resinous extract from D. elliptica root. Inasmuch, too, as the substance is shown to be 
a ketone, the suffix “‘ide’’ is inappropriate. Their work is important, for it shows that 


* An intense red colour reaction with a drop of concentrated nitric acid which contact with a drop 
of aqueous ammonia changes to an evanescent deep blue or green; givén by rotenone and substances 
of similar structure (Ann. Appl. Biol., 1923, 10, 5). 
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there are varieties of Derris root in the Dutch East Indies in which the rotenone is replaced 
by /-elliptone. For this reason a determination of the insecticidal activity of the latter 
with respect to the former will be of great interest. It is regrettable that they do not give 
more details as to the botanical and analytical characteristics of this root. Meyer and 
Koolhaas describe too the isolation in small yield of a phenol, C,)H,,0,, from Sumatra 
type Derris root to which they ascribe formula (II, R = OH). It would appear, then, that 
elliptone and this phenol constitute a similar pair of aT as do rotenone (III, 


MeO 
ath CO R 
H 
O it (IV.) 


H ? 
Eien CHy-CH—-C<E 8 - Sin 
Na 


R = H) and sumatrol (III, R = OH), and deguelin (IV, R = H) and toxicarol (IV, R = 
OH). The existence of such a closely related group of substances in Derris root is of great 
interest and indicates the need for some knowledge of their biochemical origin. 

The positive Durham test given by /-elliptone indicates that rings A, B, and C are the 
same as in rotenone (III, R = H). This, with the fact that there are two methoxyl groups 
and a keto-group, accounts for five of the six oxygen atoms; the sixth is therefore prob- 
ably attached to ring D. Treatment with sodium acetate in boiling alcohol, a process 
which is known to racemise only C,-C, (Cahn, Phipers, and Boam, J., 1938, 513), yields 
inactive dl-elliptone, proving that the only asymmetric centres in the molecule are C,-Cg. 
This is confirmed by the inactivity of dehydroelliptone obtained by the removal of the 
hydrogen atoms attached to C,-C,. J/-Elliptone gives an oxime (m. p. 222°), distinct from 
that given by di-elliptone (m. p. 259°), with hydroxylamine hydrochloride and sodium 
acetate in alcohol. The fact that racemisation does not occur indicates that it proceeds 
through enolisation of the keto-group. Meyer and Koolhaas (loc. cit.) describe a different 
oxime (m. p. 240°), prepared in pyridine solution. It seemed likely that this oxime corre- 
sponded to the isooxime, which exhibits the properties of a phenol, obtained from rotenone 
in alkaline solution (Butenandt, Annalen, 1928, 464, 253). LaForge, Haller, and Smith 
(Chem. Reviews, 1933, 12, 199) have suggested a mechanism for the formation of this iso- 
oxime involving the opening of ring C. Repetition of Meyer and Koolhaas’s preparation 
has confirmed the individuality of this oxime (m. p. 236°), but it exhibits no phenolic pro- 
perties. Moreover di-elliptone in pyridine gives a non-phenolic but different oxime (m. p. 
261°). The fact that /- and dl-elliptone give different oximes shows that ring opening for 
the formation of an isooxime has not occurred, as this would lead to racemisation. The 
relationship between these two pairs of oximes is not yet clear, but it may be of a cts-trans 
nature. Acetylation of /-elliptone in boiling acetic anhydride gives an inactive mono- 
acetate, identical with that prepared from dl-elliptone. This is probably an enol acetate, 
inasmuch as #sorotenone under the same conditions gives an inactive enol acetate owing 
to racemisation of C,-C,. 

Cahn and Boam (J. 1938, 1818) in support of their formula Cy9H,,O, (V), which, 
however, is :ot supported by the analytical evidence, assert that d/-elliptone has crypto- 
phenolic properties, Buckley’s substance in acetone solution, on addition to an ether- 
aqueous sodium hydroxide mixture, being gradually transferred to the aqueous layer. 
The author has been unable to confirm this observation. Repeated extraction led to no 
measurable transference, although acidification gave a faint opalescence. Controls with 
rotenone and isorotenone also gave similar opalescences, indicating that any transference 
was due to solubility in the acetone-water. Further negative tests for phenolic properties 
are described in the experimental section. Moreover, no intermediate iodo-compound was 
formed in the preparation of dehydroelliptone, as claimed by Cahn and Boam (loc. cit.), 

4c 
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thus distinguishing elliptone from substances containing a hydroxyl group attached to 
ring D. The absence of a phenolic group suggests that the remaining oxygen atom is part 
of a ring, which on the formulation C,5H,,O, will be of furan type and thus resemble that in 
isorotenone (I). By analogy, structure (II, R = H) is suggested for elliptone, but it must 
be borne in mind that ring E could have other points of attachment to ring D and still agree 
with the experimental results described here. On the basis of this formula catalytic 
hydrogenation should lead to the taking up of four atoms of hydrogen with the fission of 
ring E to give a phenol (VI) [formula (V) would require only two atoms of hydrogen]. 
Hydrogenation over Adams’s catalyst confirmed this view, approximately four atoms being 
taken up, though only slowly. The difficulty of reduction is in accord with the ssorotenone 
structure (cf. LaForge et al., loc cit., p. 190); with the same catalyst, rotenone was rapidly 
reduced. / and dl-Elliptone gave l- and dl-tetrahydroelliptone respectively, substances 


MeO 
co 


‘ 
H 
H 
OH ff OH 


CH=CH, H,-CH, 
(v.) (VI.) (VII.) 


which, although giving no colour with ferric chloride, were readily soluble in alkali solution 
(cf. tetrahydrorotenone). The presence of a phenolic group was further shown by the 
formation of a diacetate with acetic anhydride. In one reduction of /-elliptone the experi- 
ment was stopped when only two atoms of hydrogen had been absorbed : the product was 
entirely a neutral compound, which had the same melting point as the initial material, but 
differed from it, and was probably impure ]-dthydroelliptone (VII). 

In one attempted reduction (not reproducible) of J/-elliptone no hydrogen was absorbed, 
probably owing to poisoning of the catalyst; the recovered material, however, was not 
l-elliptone but Buckley’s substance (m. p. 181°). This sample of Buckley’s substance had 
a slight optical activity ({«]?” — 7° in benzene). Meyer and Koolhaas (Joc. cit.) state that 
their material had a slight rotation ([«], — 3° in benzene), as do Cahn and Boam (loc. cit.), 
but Buckley (loc. cit.) himself describes his material as being optically inactive. Buckley’s 
substance is essentially dl-elliptone, as has been shown previously. That the optical 
activity of the above sample was due to incomplete racemisation of the /-elliptone was 
shown by treatment with sodium acetate in boiling alcohol, which completed the racemis- 
ation to give dl-elliptone, m. p. 177°. The slight difference in melting points (177° and 
181°) may well be due to dimorphism. /-Elliptone, when shaken with platinum-black, is 
converted into what appears to be a dimorphic form crystallising in plates, m. p. 173° after 
softening at 160°. 

Although the evidence described here makes the formula put forward for elliptone very 
probable, final proof can only be afforded by degradation to compounds of known structure. 
Experiments to this end are in progress. 


EXPERIMENTAL. 


The D. elliptica (var. Sarawak creeping) used was received in the form of short lengths of 
air-dried root, which were chopped and finely ground. It then gave 8-8% of ethereal extract. 
Microanalyses are by Drs. Weiler and Strauss, Oxford. Methoxyl determinations are by the 
author, using Clark’s semimicro-method (J. Assoc. Off. Agric. Chem., 1932, 15, 136). Melting 
points are uncorrected. 

The finely ground air-dried root (1000 g.) was extracted with ether (Soxhlet). Rotenone 
separated, and was removed (15-1 g.) after standing overnight in a refrigerator. The filtrate 
was concentrated to 1000 c.c,, extracted with two portions of 5% potassium hydroxide solution 
(200 and 100 c.c.) as rapidly as possible (5 mins.), washed, dried over sodium sulphate, and 
evaporated, finally in a vacuum, The neutral resin was dissolved in carbon tetrachloride 
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(250 c.c.) and kept in a refrigerator overnight after being seeded with rotenone—carbon tetra- 
chloride complex. The crop of complex (31-9 g.) was filtered off, and the filtrate evaporated, 
finally ina vacuum. The residue of resin (63 g.) was dissolved in ether (400 c.c.) and kept in a 
refrigerator with occasional scratching. A colourless solid separated, which could be filtered 
off after 48 hours (6-0 g.); occasionally, however, crystallisation took a longer time. By con- 
centration of the filtrate and keeping for some weeks further small crops could be obtained, 
making a total of 8-9 g. 

Crystallisation was best effected from ethyl alcohol, from which 1-ellipione separated in colour- 
less needles or occasionally as a gel which changed into the crystalline form; m. p. 160° (largely 
depressed by rotenone or di-deguelin), [«]}” — 18° in 100% benzene solution and + 55° in 
100% acetone solution. By fractional crystallisation from benzene, crops were obtained having 
identical physical constants, indicating the homogeneity of the substance, From this solvent, 
l-elliptone, in contrast to dl-elliptone, separated in unsolvated rectangular prisms. It gave no 
colour with ferric chloride, but in the Durham test an intense blue colour was produced (Found : 
C, 67-9; H, 4:55; OMe, 17-5; M, Rast, 352. C,9H,,O, requires C, 68-2; H, 4-55; 20Me, 
17-6%; M, 352). 

-a-Oxime. 1-Elliptone (250 mg.), hydroxylamine hydrochloride (250 mg.), and anhydrous 
sodium acetate (8360 mg.) were refluxed for 8 hours in alcohol (20 c.c.). The mixture was poured 
into water, and the precipitate crystallised from methyl alcohol, the oxime (111 mg.) forming 
felted needles, m. p. 222° (Found: N, 3-4. C.9H,,O,N requires N, 3-8%). 

B-Oxime (cf. Meyer and Koolhaas, loc. cit.). J-Elliptone (100 mg.), hydroxylamine hydro- 
chloride (200 mg.), and sodium carbonate (150 mg.) in pyridine (10 c.c.) were heated on the 
water-bath for 3 hours. The solution was poured into water and extracted with ether, and the 
extract washed with water, dried, and evaporated. The gum obtained crystallised when 
rubbed with methyl alcohol. Recrystallisation from methyl alcohol-water gave the 8-oxime 
(64 mg.) in needles, m. p. 236°. It gave no colour with ferric chloride and was not extracted 
from ethereal solution by alkali (Found: N, 3-6. C »9H,,O,N requires N, 38%). A mixture 
with the «-oxime softened at 210° and became fluid at 230°, indicating that the two may not 
be dimorphous. 

Monoacetate. 1-Elliptone (250 mg.) and sodium acetate (75 mg.) in acetic anhydride (4 c.c,) 
were refluxed for 1 hour and poured into water. The precipitate crystallised from ethyl alcohol 
in hexagonal prisms of the monoacetate (72 mg.), m. p. 200°, not depressed by the acetate prepared 
from di-elliptone [Found: C, 67-0; H, 4-6; OMe, 15-9. C,9H,,0,(CO-CH,) requires C, 67-0; 
H, 4:6; OMe, 15-8%). 

Dehydroellipione. 1-Elliptone (1 g.) and sodium acetate (2 g.) were dissolved in ethyl alcohol 
(40 c.c.), and iodine (1 g.) in alcohol (10 c.c.) added in portions to the boiling solution. Refluxing 
was continued for 30 minutes, and the solution kept overnight. Dehydroelliptone separated 
in very pale yellow prisms and could be recrystallised from chloroform-ethyl alcohol (1: 2), 
occasionally separating in the needle form described by Buckley (loc. cit.), m. p. 264°, [«]p + 0° 
in chloroform (Found: C, 68-2; H, 4-1; OMe, 17-9. Calc. for Cy.H,,0,: C, 68-55; H, 4-0; 
OMe, 17:7%). There was no depression of m. p. in admixture with the dehydro-compound 
from di-elliptone. On melting, a purple colour developed, which may have been mistaken by 
Cahn and Boam (loc. cit.) for the evolution of iodine. Tests for iodine were negative and 
reduction with zinc in acetic acid gave the dehydro-compound unchanged. 

1-Tetvahydroelliptone.—l-Elliptone (1 g.) in ethyl acetate (20 c.c.) was reduced catalytically 
in the presence of Adams’s catalyst (150 mg.). Reduction was slow, but a volume (146 c.c. of 
H, at N.T.P.) corresponding to 4 atoms of hydrogen (128 c.c.) was taken up. The filtered solu- 
tion was diluted with ether and extracted with 5% aqueous potassium hydroxide to separate 
acid and neutral fractions. The alkaline layer on acidification and recovery through ether gave 
1-tetrahydroelliptone (444 mg.), which crystallised from alcohol in solvated rectangular plates, 
m. p. 217° (softening at 205°), [a]? + 61° in 1-00% acetone; it was only slightly soluble in 
benzene or chloroform [Found for material dried in a vacuum at room temperature: C, 65-4; 
H, 6-5; OMe, 23-0. C,.H,.O,,C,H,-OH requires C, 65-65; H, 6-5; OMe (20Me + EtOH), 
23-1%]. The unsolvated phenol, m. p. 217°, was obtained by prolonged heating in a vacuum 
at 100° (Found: Loss in weight, 11-5. Calc. for loss of EtOH, 11-56%. Found: OMe, 17-5, 
Calc. for C,,H,,O, : OMe, 17-4%). Although soluble in alkali, this phenol gave no colour with 
ferric chloride. Methylation with diazomethane was unsuccessful. Attempted oximation in 
alcoholic sodium acetate was unsuccessful, but racemisation occurred to give dl-tetrahydro- 
elliptone. Acetylation in acetic anhydride gave the diacetate, crystallising from ethyl alcohol— 
water in prisms, m, p. 140—142° [Found: C, 65-05; H, 5-8. C,.H,,0,(CO-CH,), requires 
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C, 65-4; H, 55%]. The neutral ethereal solution on evaporation, and crystallisation of the 
residue from alcohol, gave dl-elliptone (110 mg.), m. p. 173—175°, showing that some 
racemisation occurs as the result of a secondary reaction. 

In one reduction of /-elliptone (500 mg.) the experiment was stopped when only 2 atoms of 
hydrogen had been absorbed. The neutral layer then gave a substance (294 mg.) crystallising 
from alcohol in clusters of prisms, m. p. 159° (depressed by /-elliptone), [«]?” — 97° in 1-00% 
acetone. This substance gave no colour with ferric chloride and was probably 1-dihydroellipione 
(Found: C, 69-0; H, 5-2; OMe, 18-1. C, 9H,,0, requires C, 67-8; H, 5-1; OMe, 17-5%). 

dl-Elliptone.—l-Elliptone (1 g.) and sodium acetate (2 g.) were refluxed in alcohol (50 c.c.) 
for 2 hours. dl-Elliptone (922 mg.), which separated on cooling, was filtered off, washed with 
hot water to remove sodium acetate, and recrystallised from alcohol, separating in needles, 
m. p. 176—177°, [«]) + 0° in benzene (Found: C, 68-0; H, 4:85. C,9H,,O, requires C, 68-2; 
H, 4.6%). The solid separating from the first filtrate on dilution was optically inactive, indicat- 
ing the absence of impurities such as rotenone. A mixed m. p. determination with Buckley’s 
substance showed no depression (176—179°); a mixture with /-elliptone (5: 1) melted indefin- 
itely at 176° and cleared at 181°. From benzene, dl-elliptone separated in solvated prisms, 
confirming Cahn and Boam’s (loc. cit.) observation for Buckley’s substance, m. p. 176° (after 
resolidifying, 181°) (Found: OMe, 15-9. Calc. for 2C,,H,,0,,C,H, : OMe, 15-9%). 

a-Oxime. dl-Elliptone (100 mg.), hydroxylamine hydrochloride (100 mg.), and sodium 
acetate (120 mg.) were refluxed in alcohol (5 c.c.) for 8 hours. The oxime (57 mg.) separated 
on cooling and crystallised from methyl alcohol (less soluble than the /-a-oxime) in the charac- 
teristic triangular leaflets, m. p. 259°, described by Buckley (loc. cit.) (Found: N, 4-0. Calc. for 
Cy9H,,0,N: N, 3-8%). 

B-Oxime. dl-Elliptone (100 mg.), hydroxylamine hydrochloride (200 mg.), and sodium 
carbonate (150 mg.) in pyridine (10 c.c.) were heated on the water-bath for 3 hours. The solu- 
tion was poured into water and extracted with ether, and the extract washed with water, dried, 
and evaporated. Crystallisation of the residue from methyl] alcohol, in which it was sparingly 
soluble (cf. /-6-oxime), gave the B-oxime in thin prisms, m. p. 261° (Found: N, 3-8. C,9H,,O,N 
requires N, 38%). It gave no colour with ferric chloride. The m. p. was depressed by the 
a-oxime, indicating that the two oximes may not be dimorphous forms. 

Monoacetate. In acetic anhydride (as described above, p. 1103), dl-elliptone gave a mono- 
acetate, m. p. 202° [Found: C, 66-8; H, 4-55. Calc. for C,g.H,,O,(CO-CH,): C, 67-0; 
H, 46%], identical with that from /-elliptone. 

Dehydroelliptone.—This was prepared from dl-elliptone by the method described under 
l-elliptone and crystallised from chloroform-ethyl alcohol in pale yellow prisms or needles, 
m. p. 264° (Buckley, Joc. cit., gives 264°) (Found: C, 68-3; H, 4-0. Calc. for C,.H,,O,: 
C, 68-55; H, 40%). 

dl-Tetrahydroelliptone.—adl-Elliptone (1 g.) in ethyl acetate (20 c.c.) was catalytically reduced 
in the presence of Adams’s catalyst (150 mg.), 132 c.c. (N.T.P.) of hydrogen being absorbed, 
though slowly (4 atoms of hydrogen require 128 c.c.). The solution, diluted with ether, was 
extracted with 5% potassium hydroxide solution to remove phenols. The ethereal solution 
on evaporation, and crystallisation of the residue from alcohol, gave di-elliptone (177 mg.). 
dl-Tetrahydroelliptone (468 mg.) was obtained from the alkaline layer on acidification and 
isolated by means of ether. It crystallised from alcohol in rectangular plates with 1 mol. of 
alcohol, m. p. 205° (softening at 197°), and gave no colour with ferric chloride [Found : OMe, 
23-1.  CygHO,,C,H,-OH requires OMe (20Me + EtOH), 23-1%]. The unsolvated phenol, 
m. p. 205°, was obtained by prolonged heating at 100° in a vacuum (Found: Loss in weight, 
11-9. Calc. for loss of EtOH, 115%. Found: C, 66-9; H, 5-85; OMe, 17-4. Calc. for 
CopH yO, : C, 67-3; H, 5-65; OMe, 17-4%). 

Buckley’s Substance.—In one attempted reduction of /-elliptone over platinum no absorption 
took place. The filtered solution was evaporated; the residue crystallised from alcohol to give 
a substance, m. p. 181°, identical with a specimen kindly sent by Dr. Buckley (Found : C, 68-0; 
H, 4:55. Calc. for CygH,,O,: C, 68-2; H, 455%). The former had [a]}” — 7° in 100% 
benzene. As described by Buckley (loc. cit.), with hydroxylamine in alcohol it gave di-elliptone 
a-oxime. On refluxing with sodium acetate in alcohol, it gave dl-elliptone (m. p. 176—177°). 

Tests for Phenolic Properties.—(a) Buckley’s substance (50 mg.) was suspended in ether (10 
c.c.) and vigorously shaken with 5% potassium hydroxide solution for 10 minutes. There was 
no precipitate on acidification of the alkaline layer. In a control experiment with dl-a-toxi- 
carol (similarly insoluble in ether), solution in the alkali took place immediately. 

(b) A few mg. were dissolved in acetone, and sufficient water added to produce a turbidity. 
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Addition of a drop of 5% aqueous potassium hydroxide did not effect solution, indicating that 
Buckley’s substance has no cryptophenolic properties. On standing, a yellow colour slowly 
developed owing to oxidation. 

(c) Buckley’s substance (20 mg.) in acetone (3 c.c.) was poured into a mixture of ether 
(25 c.c.) and 2% potassium hydroxide solution (10 c.c.). After shaking, the alkaline layer gave 
a faint opalescence on acidification. Further extractions with portions of alkali gave similar 
opalescences. Controls with rotenone and isorotenone also gave opalescences, showing that the 
transfer was due to solubility in the acetone—water (cf. Cahn and Boam, loc. cit.). 


I am indebted to the Director, Department of Agriculture, Malaya, for the supply of root, 
and to the Ministry of Agriculture and the Colonial Development Fund for grants which have 


made this work possible. 
ROTHAMSTED EXPERIMENTAL STATION, HARPENDEN, HERTS. [Received, May 30th, 1939.] 





240. Co-ordination by Methyl isoNitrile: Structure of 
6-Tetramethyl Ferrocyanide. 


By H. M. Powe tt and G. B. STANGER. 


Hartley’s 6-form of tetramethyl ferrocyanide is shown by X-ray examination to 
be the trans six-co-ordinated compound with four methyl] isonitrile molecules attached 
to iron by links similar to that found in the monometallic carbonyls. 


Two isomers of composition Fe(CH,*NC),(NC), were shown to exist by Hartley (J., 1913, 
103, 1196) and were called the «- and the 8-form. H6lzl, Hauser, and Eckmann (Monatsh., 
1927, 48, 71) also prepared similar compounds, but although they agreed with Hartley as 
to the properties of the «-isomer, the compound they described as the 8-form was different 
from his. They attributed the isomerism to a change of co-ordination number, the 
a-form being regarded as the trans six-co-ordinated compound (I), and the $-form as a 
salt (II). 
N 


c 
(1) cores [Fe(CNMe),](CN), i, 


MeNC CNMe CNMe 
N (II.) NMe 


It was later shown by Hartley (J., 1933, 101) that his original «- and $-forms both gave 
hexa-alkylated compounds [Fe(CH,*NC),(RNC),]I,,2HgI, (IV) on treatment with methyl 
or ethyl iodide and mercuric iodide. Crystallographic examination showed that the two 
hexamethyl compounds (IV; R = Me) were identical, but the tetramethyldiethyl com- 
pounds (IV; R = Et) from the two isomers were different. These facts, together with the 
known molecular weights in solution, agree with the suggestion that the «- and the §-form 
of tetramethyl ferrocyanide are cis- and trans-isomers, (I) and (III). In connexion with 
other work on these compounds it was necessary to know their configuration, and this has 
been determined by an X-ray examination. 

Both isomers, the « especially, tend to take up solvent of crystallisation, but it was 
found possible to obtain crystals of the 8-form free from solvent by use of ”-propyl alcohol 
or hot methyl alcohol for recrystallisation. The material used was part of Hartley’s 
original preparation (loc. cit.). 

The crystals belong to the orthorhombic system. The unit cell dimensions, determined 
from oscillation photographs (copper radiation) are a = 8-46, b = 13-24, c = 11-64 ., and, 
with the density (by flotation) 1-372 g./c.c., this gives four molecules per unit cell. No 
pyroelectric effect is detectable by the liquid-air method. Absent spectra are hkO when h 
is odd, h0/ when / is odd, and Ok/ when & is odd, and the space group is therefore Pbca. Only 
four-fold positions are available for the iron atoms, and since these lie in symmetry centres 
it follows that the molecule has the ¢rans-form. In spite of solvent in the «-form, it has 
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been possible to show that it has the cis-configuration, but details are withheld pending 
completion of other work on the properties of this form. 

The detailed Fourier analysis of the $-crystal structure, to be published elsewhere, 
shows that the CH,*NC groups are linear and the compound therefore has four co-ordinated 
methyl isonitrile molecules attached to iron, the link being similar to that found in the 
metallic carbonyls: CH,;N+>C+>Fe and O=C-+Fe. The compound obeys the rule 
given by Sidgwick and Bailey (Proc. Roy. Soc., 1934, A, 144, 521) applicable to the 
monometallic carbonyls and similar substances containing CN, CO, and NO groups, 2.e., 
that the effective atomic number (E.A.N.) of the metal shall be that of the next higher 
inert gas. In this case, covalent links with two CN groups, each contributing one electron, 
and four co-ordinate links from CH,NC groups each contributing two electrons make up 
an E.A.N. of 36, thus conforming to the rule, and at the same time the compound achieves 
the co-ordination number six, which is impossible for the monometallic iron carbonyl. 
Cobalt, with one more electron than iron, co-ordinates only three CH,*NC groups to form 
Co(CH,*NC),(CN) , also obeying the rule. This suggests the possibility of the existence of 
similar manganese and chromium compounds, Mn(CH,*NC),(CN) and Cr(CH,°NC)., the 
latter analogous to chromium hexacarbonyl. This chromium compound would be of 
interest if an accurate determination of the chromium-carbon distance could be made. 
In order to account for the abnormal metal-carbon distance in the monometallic carbonyls 
(Brockway, Ewens, and Lister, Trans. Faraday Soc., 1938, 34, 1350), it has been necessary 
to postulate some double-bond character in the link with resonance between the structures 


(OC) ,CriC:-O:; and (OC),Cr32C:203, but it is unlikely that a similar resonance could occur 
if CH,NC groups replace CO, since in the double-bonded form the atoms would not occupy 
similar linear positions to those in the triple-bond form, because there must be bending 


at the nitrogen atom with only three bonds Cr=C=N\ oy . A greater chromium- 


carbon distance than that found in chromium hexacarbonyl would therefore be evidence 
for the reality of the double-bond effect. 


The authors wish to thank Mr. E. G. J. Hartley for his generous gifts of tetramethyl 
ferrocyanide. 


DEPARTMENT OF MINERALOGY, 
UNIVERSITY MusEuUM, OXFORD. [Received, May 22nd, 1939.] 





241. cis-trans-I[somerism in Octahedral Groups. 
By H. M. PowELt. 


The proportions in which cis- and évans-isomeric groups of formule MA,B,, MA,;B,, 
and MA,B, may be expected to form in the same reaction are discussed on a geo- 
metrical basis, and a branched reaction of a special type is suggested for which a partial 
interpretation of P in the expression for the velocity constant k = PZe~#/®? may be 
given. The method is only applicable to reactions in which A and B are groups of such 
a type that the octahedral bonds of the metal atom M are not broken and the reaction 
consists of addition or subtraction of a group distant from M in a complex MA,B,_,. 
Facts relating to the alkylated ferrocyanides and cobalticyanides are in general agree- 
ment with the hypothesis. 


MANY compounds are known in which alternative arrangements of groups attached by six 
octahedral bonds to a central atom can give rise toisomerism. Decisions as to the configur- 
ation of the isomers produced in a given reaction based on chemical evidence are open to 
objection. It has often been supposed that compounds prepared by substitution of a 
group, occupying two co-ordination positions, by two separate groups occupying one each 
must be cis-isomers; ¢.g., the carbonatotetramminocobaltic ion [Co(NH,),CO,]* should 
give the cis-form of the dichlorotetrammine complex [Co(NH,),Cl,]* on reaction with 
hydrochloric acid. However, it has been recognised that such arguments may lead to 
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erroneous conclusions : in the case quoted, both cis- and érans-forms are produced. When- 
ever a group is substituted, a bond to the central atom is temporarily broken and rearrange- 
ment may occur. This must happen in the case of the complex ion of Erdmann’s salt 
[Co(NH,),(NO,),]-, which is known to be évans- although the chemical evidence would 
lead one to suppose it was cis- (Wells, Z. Krist., 1936, 95, 74). Further, in some cases the 
bonds are very easily broken and rearrangement of the complex to form the other isomer 
may take place; e.g., the dichloropropylenediamine ion [Co pn,Cl,]* readily changes over 
from the trans- to the cis-form in neutral solution, but the addition of a trace of acid causes 
a reversal of the reaction. In these circumstances it is not possible to predict what 
proportions of the isomers will be formed in a particular reaction. 

In contrast to these compounds there is a case of isomerism discovered by Hartley (J., 
1913, 103, 101) where it seems possible to draw conclusions as to the mechanism of pro- 
duction of the isomers. Tetramethyl ferrocyanide exists in «- and $-forms which have 
been shown (preceding paper) to be cis- and trans- respectively. Both are obtained in the 
same reaction, viz., elimination of two molecules of methyl chloride by the action of heat on 
hexamethyl ferrocyanogen chloride [Fe(CH,*NC),]Cl,. The cis(«)-form is produced in 
much larger quantity than the ¢vans-. The yields obtained by Hartley were in the ratio of 
about 10 to1; this ratio is not quite accurate, since it depends on the efficiency of a difficult 
separation, and some of the @ will have been left in the reaction mixture, but there is no 
doubt that several times as much «- as $- is formed. 

A simple explanation of the predominance of the cis-isomer may be given. In the hexa- 
methyl ferrocyanogen chloride decomposition we are not dealing with a molecule which 
splits off some of its groups at the metal atom but only with the removal of two terminal 
methyl groups linked through two other atoms to the metal, and there is no reason to 
suppose that, in the reaction, any of the six strong octahedral bonds of the iron is broken. 
The CN groups will therefore be left, without rearrangement, in the places where they 
are formed. In support of this is the stability of the two isomers, both of which may be 
* heated to high temperatures without change from one to the other. If two groups are to 
be removed simultaneously from the corners of an octahedron, there are four times as many 
ways of doing this to give the cis-form as there are for the trans-, since there are twelve 
edges of the octahedron to three solid diagonals. If one terminal methy] is first removed, 
the complex will retain its octahedral form, and the subsequent removal of any one of four 
methyl groups gives the cis-isomer but the removal of the fifth methyl gives the évans-. It 
is necessary to consider these two cases separately, since the reaction is most likely to 
proceed by successive removals, and it may be objected that the five methyl groups are not 
equivalent in their relation to the apex of the octahedron from which the first methyl 
group has been taken. Although this is true geometrically, it does not seem likely that 
the probability of breaking a particular nitrogen—-methyl bond will be very much affected 
by it since the molecule as a whole is electronically still highly symmetrical. Any effect 
transmitted through bonds applies equally to all five groups, and it is improbable that 
other effects such as dipole interaction, which falls off very rapidly with increasing distance, 
will have a large influence, since the nearest terminal methyl groups are over 6 A apart, and 
even the nitrogen atoms are separated by nearly 4-5 A. Further, if such effects were to 
operate, it seems most probable that they would lead to the formation of the ¢vans-isomer, 
owing to the mutual repulsion of similar groups. It may therefore reasonably be assumed 
that the rate of removal is about the same for all methyl groups, and therefore in this 
case the purely geometrical probability is mainly responsible for the large proportion of 
the cis-isomer obtained. 

If this explanation is correct, similar results may be expected in other reactions of the 
same type. Few of these are known, but they are in general agreement with expectation. 
Hélzl, Hauser, and Eckmann (Monatsh., 1927, 48, 71) prepared tetraethyl ferrocyanide by 
an analogous reaction and obtained only oneisomer. The failure to find the second isomer 
is not of great significance, since the earlier workers except Hartley did not find the 6-form 
of tetramethyl ferrocyanide, and these authors apparently did not succeed in obtaining 
Hartley’s $-form. From its solubility relationships they conclude that the tetraethyl 
compound obtained corresponded to the «-form of tetramethyl ferrocyanide. They also 
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prepared tetrapropyl ferrocyanide by the action of n-propyl iodide on silver ferrocyanide. 
Precisely similar arguments apply to the addition of groups to an existing octahedral 
complex such as takes place in this reaction. There are four times as many ways of 
obtaining the cis-isomer MA,B, (or MA,B,) from MA, as there are ways of obtaining the 
trans-form, and it is therefore expected that the cis-form will again predominate. Only 
one isomer was obtained, and Hdélzl concludes from its solubility relationships and reaction 
with ferric chloride that it corresponds to the a-form of tetramethyl ferrocyanide. 

A slightly different case is the formation of trimethyl cobalticyanide, Co(CH,NC),(CN)s, 
from silver cobalticyanide and methyl iodide. There are eight ways of adding three 
methyl groups to give the cis-compound, corresponding to the eight faces of the octahedron, 
and twelve ways of adding them to give the ¢vans-form, and it would therefore be expected 
that one form would not predominate above the other to such an extent as in the case of 
tetramethyl ferrocyanide, the ratio being 1-5:1 instead of 4:1. In the experiment, 
about equal quantities of the two isomers were obtained in the same reaction (Hartley, 
J., 1914, 105, 521). 

A consideration of other possibilities of the same type is summarised in the following 
table for octahedral complexes. It is applicable only to cases where the metal bonds are 
not broken, and only distant parts of the six arms are affected. 

Reaction product and proportions of 
isomers expected (cis : trans). 
Initial substance. MA,B,. MA,Bs. MA,B,. 
‘ : 3:36 4:1 
“5 4:1 
1 
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1:0 
MAB, (érans) 2:1 


The ratios in the above table are independent of the intermediate steps taken by the 
reaction provided it be assumed, as in the example considered earlier, that at all stages the 
probability of removal (or addition) of a particular terminal group is unaffected by its 
position relative to the changes already made. 

It would be of interest to investigate the course of a reaction of this type in a more 
quantitative way, ¢.g., in solution if suitable substances could be found. A particularly 
good test would be provided by a comparison of the behaviour of cis- and trans- MA,B, 
reacting to give MA,B,. The products would be the same in both reactions but the 
ratios of cis to trans should differ widely, being 5 : 1 and 2 : 1, respectively. 

If such a reaction may be regarded from the standpoint of the collision theory, the 
velocity constant is given by k = PZe~*'®", and in a branched reaction the relative numbers 
of molecules reacting according to the different paths will depend on differences in P and 
E. Inthis case the constants for the two branches may be written k = P,P,Ze~®'®" and 
k' = P,'P,Ze~*'®" ; the rigid restrictions introduced as to the nature of the reaction and the 
equivalence for reaction purposes of all the terminal links concerned (e.g., all the N-CH, 
links in the tetramethyl ferrocyanide reaction) are virtually equivalent to requiring the 
energy of activation E and the factor P, to be the same for both branches. The factors 
P, and P,’ then depend only on the geometry of the molecules involved in the reaction and 
are in the ratios given in the table. This reaction, as far as the author is aware, is the only 
type so far suggested in which a geometrical effect in P may be stated in precise terms. 
The particular reaction that has suggested this idea is not convenient for accurate measure- 
ment, since the methy] chloride is only eliminated from tetramethyl ferrocyanogen chloride 
by heating the solid under diminished pressure, but it is suggested that any similar substances 
prepared should be considered as possible means for testing this effect. 


DEPARTMENT OF MINERALOGY, 
UNIVERSITY MusEuM, OxForRD. [ Received, May 22nd, 1939.} 
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242. Studies in Electrolytic Oxidation. Part XI. The Electrolysis of 
Acid—Ester Salts in Non-aqueous Solutions, and the Mechanism of 
the Crum-Brown—Walker Synthesis. 


By A. Hickiinc and J. V. WEsTwoop. 


A qualitative and quantitative study has been made of the anodic phenomena in 
the electrolysis of potassium ethyl malonate in ethylene glycol solution. The Crum- 
Brown—Walker synthesis, i.e., the formation of ethyl succinate, is found to take place 
with fair efficiency, but is accompanied by marked oxidation of the solvent, mainly 
to glycollaldehyde. In contrast to the behaviour in aqueous solution, it is found that 
variable factors, such as temperature, nature of anode material, and presence of 
foreign cations, have little effect upon the efficiency of ethyl succinate formation. 
It is concluded that the phenomena can best be explained by supposing that ethyl 
malonate ions are directly discharged at the anode and the resulting radicals combine 
to form the acid peroxide; this may then decompose to give ethyl succinate and 
carbon dioxide, or may alternatively oxidise the solvent, producing glycollaldehyde and 
generating ethyl hydrogen malonate. A comprehensive scheme for the anodic oxida- 
tion of acid—ester salts in both aqueous and non-aqueous solutions is presented. 


In Part X of this work (J., 1938, 1039) the electrolysis of potassium ethyl malonate in 
aqueous solution was studied, and the conclusion drawn that the anodic formation of 
ethyl succinate and carbon dioxide (Crum-Brown-Walker synthesis) is due to the primary 
formation, by the irreversible combination of discharged hydroxyl radicals, of hydrogen 
peroxide, which oxidises the ethyl malonate ions, probably with the intermediate production 
of ethyl malonate radicals and possibly the corresponding acid peroxide. It was also shown 
that when conditions are unfavourable to the occurrence of the Crum-Brown-—Walker 
synthesis, an alternative oxidation process leading to the formation of ethyl glyoxylate 
takes place, and it was concluded that this process is an oxidation by oxygen or hydrogen 
peroxide of low concentration. The characteristic potential (2-8 volts) associated with the 
Crum-Brown-Walker synthesis was regarded as being set up by discharged ethyl malonate 
radicals formed indirectly. It now appeared of importance to ascertain whether the syn- 
thesis could take place in non-aqueous solutions where hydroxyl ions are not present, 
since in this case the mechanism must presumably be different from that proposed for 
the aqueous medium. No previous work on the occurrence of the synthesis in non-aqueous 
solutions appears to have been recorded. For reasons indicated below, ethylene glycol 
was used as the solvent in the present study, and it has been shown that the synthesis can 
occur with fair efficiency in this medium. A fullinvestigation has been made of the influence 
of variable factors on the electrolytic process. 


EXPERIMENTAL. 


Ethylene glycol was selected as the most suitable solvent since it is easily obtained anhydrous 
and readily dissolves potassium ethyl malonate to give solutions of high electrical conductivity. 
It was further advantageous in that a complete study of the electrolysis of acetates in glycol 
had previously been carried out (Glasstone and Hickling, J., 1936, 820), and hence a comparison 
between the Kolbe and the Crum-Brown—Walker synthesis in non-aqueous solutions could thus 
readily be made. The glycol employed was purified by fractional distillation, the fraction, 
b. p. 197—198° (corr.), being used. Potassium ethyl malonate and ethyl hydrogen malonate 
were specially prepared by The British Drug Houses Ltd., and shown by analysis to be 99-8 
and 99-4% pure respectively. Solutions in glycol were made up directly by weight, and, in 
general, a solution molar with respect both to salt and to acid was used; this is subsequently 
referred to as the “‘ stock solution.” 

The electrolytic cell consisted of a water-jacketed boiling-tube (6” x 1’’), fitted with a stopper 
carrying a thermometer and electrodes. The anode was, in general, a spiral of platinum wire 
of 1 sq. cm. area, and the cathode was a piece of stout platinum foil 1 cm. square; except where 
otherwise stated, anode and cathode compartments were not separated. Before use, the anode 
was washed with warm concentrated hydrochloric acid, warm concentrated nitric acid, and water, 
and heated to redness. Current was supplied from a 100-volt generator through a rheostat and 
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milliammeter. 20 C.c. of electrolyte were used in each case, and the temperature was kept at 
20°, except where otherwise stated, by circulating ice water through the jacket; 0-01 F. of elec- 
tricity was passed in all cases, the ethyl succinate formed estimated, and the result expressed as 
a current efficiency. 

For the estimation of the ethyl succinate, the method of analysis described in Part X (J., 1938, 
1039) was used, the electrolyte being first diluted with water. The glycol, owing probably to 
its very small solubility in benzene, did not interfere in any way, and check experiments with 
known amounts of ethyl succinate gave results reproducible to 1—2%,. 


Results. 


Preliminary Investigation.—To determine whether the electrosynthesis of ethyl succinate 
does take place in glycol solution, three 20-c.c. portions of the stock solution were each electro- 
lysed at 0-5 amp. for 90 mins. The electrolytes were mixed, diluted with water, neutralised 
with potassium carbonate, and extracted with ether. The ethereal extract was dried over 
calcium chloride and then distilled. A considerable quantity of ester having the characteristic 
odour of ethyl succinate, b. p. 215°, was obtained, which on hydrolysis gave succinic acid, 
m., p. 184°. 

To ascertain whether any oxidation of the glycol takes place during electrolysis, the residue 
from the ethereal extraction was treated with 2: 4-dinitrophenylhydrazine hydrochloride 
solution, and the resulting yellow precipitate, recrystallised from methyl alcohol, melted sharply 
at 159°, undepressed on admixture with the same derivative, m. p. 159°, prepared from 
glycollaldehyde specially synthesised (Collatz and Neuberg, Biochem. Z., 1932, 255, 29). 

The gas evolved during an electrolysis under standard conditions was collected over mercury 
and completely analysed in a Bone—Newitt apparatus: it consisted almost entirely of carbon 
dioxide and hydrogen (from the cathode), with a small amount, less than 1%, of oxygen; hydro- 
carbons were not present. The volume of hydrogen evolved in a given time was very close to 
the calculated figure, showing that cathodic reduction, if any, was very slight. 

General Factors.—The effect of variation of C.D. is shown by the following data obtained for 
the electrolysis of stock solution : 


C.D., amp./sq. CM, cseeccceessecerereees — O°5 0-2 0-1 0-05 0-01 
BMcbema. M . dx coviecveqosccessseeseese . OF 54 52 51 46 


It is seen that, although the efficiency is in general rather less than for aqueous solutions, yet 
it does not fall off so rapidly with decreasing C.D. (see Part X). 

The results produced by a change of concentration of the electrolyte are illustrated below, 
the C.D. being 0-2 amp./sq.cm. The total amount of malonate present in the electrolysis was 
kept constant by using appropriate volumes of electrolyte. 


eS ay 0-5 0-25 0-1 
SIRENS TR cocccczscssesecesneneee 0-5 0-25 0-1 
Efficiency, % —....cccccccoccsccccsecee 54 52 45 37 


The efficiency falls off with decreasing concentration but not so markedly as in aqueous 
solution. 

The effect of varying the proportions of potassium ethyl malonate and ethyl hydrogen 
malonate while the total malonate ion concentration is kept constant is shown below, a C.D. of 
0-2 amp./sq. cm. being used. 

CHO, EtK, M ...cccccccccccesseees 05 1 1-75 2 


1-5 
CyH,O,EtH, M ...cccsecccccseceeeee 165 1 0-5 0-25 0 
Eilictency, % —scocscccoccececsecsee 56 54 41 28 20 


In glycol solution the efficiency falls off fairly rapidly with decreasing acid concentration, 


although in aqueous solution a maximum efficiency was obtained with an electrolyte consisting 


of approximately equimolar parts of acid and salt. 
The following results were obtained at a number of temperatures with a stock solution and a 


C.D. of 0-2 amp./sq. cm. : 
Temperature .......sc.0eeecerereee 20° 40° 60° 80° 100° 
> Eee, 56 46 41 38 
The efficiency at first rises and then falls slowly with increasing temperature; in aqueous 
solution it falls rapidly and continuously as the temperature is raised. 
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Influence of Anode Material._—In order to determine the influence of anode material a stock 
solution was electrolysed with a C.D: of 0-2 amp./sq. cm. with various anodes, the apparent 
area of each anode being 1 sq. cm. Prior to use, a platinised platinum anode was washed with 
concentrated hydrochloric acid, concentrated nitric acid, water, and acetone, and dried in a 
current of hot air. The gold anode was washed with concentrated hydrochloric acid, water, 
and acetone, and dried as above. The carbon anodes were washed with water, and then dried 
after treatment with acetone as above. The results are given below : 


Anode material Platinised Pt Au Arc C Graphite 
Efficiency, % ssecscceeseseeeee 54 39 57 55 46 


It appears that, if allowance is made for the fact that the actual C.D. at platinised platinum and 
graphite anodes (the latter disintegrated somewhat during electrolysis) is less than at the other 
anodes, anode material has very little influence on the efficiency, in contrast to its predominating 
effect in aqueous solution. 

Influence of Addition of Water.—Since a platinised platinum anode in aqueous solution gives 
practically no ethyl succinate, it was thought of interest to ascertain the effect of small additions 
of water on the electrolysis in glycol solution. A stock solution was used with a C.D. of 0-2 
amp./sq. cm., and the following results were obtained : 


Water, % w.ccccsscscssscseeree 0 1 2 3 4 5 6 7 10 
Efficiency, % svwcssseeeee 89 «©=©85 0 =—s -29—i—ts—éid 18 15 12 2 


Within the limits of experimental error, the efficiency falls off approximately linearly with the 


addition of water. 
The influence of water is apparently independent of C.D. as is shown by the following 


results : 


C.D., amp. | bev ece coscevevecces «= OB 0-1 0-05 
Efficiency wi on ‘water, ‘% . bbd ccobbessp acs! OO 37 37 
Efficiency with 5% water present, %, oe U8 16 19 


Influence of Catalysts for Hydrogen Peroxide Decomposition.—In aqueous solution the addition 
of small quantities of metallic salts which are catalysts for hydrogen peroxide decomposition 


inhibits the Crum-Brown—Walker synthesis. It seemed of interest, consequently, to ascertain 
their effects on electrolysis in the glycol solution. To avoid reduction of the metallic salt or 
deposition of metal at the cathode, a cell divided by a fritted-glass partition was used. To 
obviate the introduction of foreign anions, the ethyl malonate derivative of each metal was 
prepared by the action of potassium or hydrogen ethyl malonate on the metallic acetate or 
carbonate, respectively. The salts thus prepared were dried for some hours at 115°, the metal 
present estimated, and then a solution of the salt in stock solution made up so as to contain 0-01 
g.-atom of metal per litre. The solutions were electrolysed with a C.D. of 0-lamp./sq.cm. The 
results are given below : 


Catalyst ....ss..+.seeeeeeeeeeees (None) Mn Pb Co Cu Ag 
Efficiency, % esesseeseseeeee 5 52 49 48 50 49 


It is clear that, within the limits of experimental error, the added substances have no appreciable 
action in reducing the efficiency, in contrast to their very marked effect in aqueous solution. 

Oxide-coated Anodes.—It was thought desirable to ascertain if platinum anodes coated with 
metallic oxides which are catalysts for hydrogen peroxide decomposition would give the usual 
efficiency in glycol solution. Some difficulty was experienced in obtaining adherent oxide 
coatings which would not dissolve in the acid solution, but the roughened surface of grey platinum 
was found to retain them, and 2m-potassium ethyl malonate in glycol was used as electrolyte ; 
the oxides are less soluble than in the acid solution, and the anodic gas evolution is less vigorous 
since much of the carbon dioxide is retained by the electrolyte. Lead dioxide was deposited by 
electrolysis of N-lead acetate in water at 0-5 amp. for 3 mins. Manganese dioxide was deposited 
by electrolysis of N-manganous sulphate in water at 0-05 amp. for 5 mins. The oxide-coated 
electrodes were washed thoroughly with water, then with acetone, and dried in an air oven at 
110° for 1 hour. The electrolysis was then carried out with an undivided cell and a C.D. of 
0-2 amp./sq.cm. The following results were obtained : 


Anode material .....+..s+022.+0+ 000 Pt PbO, MnO, 
Efficiency, % — .socreccescssscccoces 20 6 20 
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It is seen that the manganese dioxide anode gives the same efficiency as platinum, but the lead 
dioxide anode gives only a small amount of synthesis. 

Potential Measurements.—Measurement of the anode potentials in glycol solution by the direct 
method was found to give completely misleading results owing to the presence of a very large 
surface resistance error which could amount to several volts even at comparatively low currents. 
Use was therefore made of Hickling’s electrical interrupter method (Trans. Faraday Soc., 1937, 
33, 1540), and reasonably reproducible results were easily obtained. In general, the anodes 
used were 0-1 sq. cm. in area, and they were polarised at 0-05 amp. for some minutes until the 
potential showed no appreciable drift. Observations of the anode potentials were then made at 
a C.D. of 0-2 amp./sq. cm., which was that usually employed in the synthetical experiments. 
Except for the measurements with the oxide-coated anodes, in which 2m-potassium ethyl 
malonate was used as electrolyte, stock solution was used throughout. The potentials observed 
are given below; they are expressed on the hydrogen scale in water and all include the same 
liquid-junction potential. 


Anode material ......... Pt Au Platinised Pt Cc MnO, PbO, 
Potential, volts 3-41 3-33 3-21 3-42 3°45 2-21 


With the exception of the lead dioxide anode, the potentials are approximately the same, but 
rather higher than the value of 2-8 volts found for the synthesis in aqueous solution. The C.D.- 
potential curves have not yet been explored in detail, but preliminary observations indicate a 
number of peculiar features, in particular a falling off of potential at high C.D.’s. 

Anodic Oxidation of Glycol_—In none of the electrolytic experiments did the efficiency of the 
Crum-Brown—Walker synthesis approach 100%, and hence part of the current must go to oxidise 
the glycol. The preliminary experiments had already shown that a certain amount of glycollalde- 
hyde was formed during electrolysis. To gain some idea of its amount, stock solution was elec- 
trolysed with a smooth platinum anode and a C.D. of 0-2 amp./sq. cm. for the usual time, the 
electrolyte diluted, and excess of an ice-cold saturated solution of 2 : 4-dinitrophenylhydrazine 
hydrochloride added. After standing overnight at 0°, the precipitate was collected in a weighed 
glass crucible, washed with water, and dried to constant weight at 105—110°. 0-256 G. of pre- 
cipitate was obtained, corresponding to a current efficiency for glycollaldehyde formation of 22%. 
As it is unlikely that the hydrazone is completely precipitated, the actual efficiency will probably 
be somewhat greater than this. The efficiency of the Crum-Brown—Walker synthesis in the 
same experiment was 54%. Hence rather less than 24% of the current is unaccounted for by 
the two above processes. Some of this will be taken up in bringing about the small amount of 
oxygen evolution which was observed, and the remainder may be accounted for by further 
disintegrative oxidation of the solvent, of a nature not yet established, since the gas analysis 
showed rather more carbon dioxide to be present than would be expected from the Crum-Brown-— 
Walker synthesis alone. 

Bis(carbethoxyacetyl) Peroxide, CO,Et-CH,-CO-O-0-CO-CH,°CO,Et.—For reasons indicated 
below, it was decided to attempt the preparation of this peroxide. The peroxides of this series 
have not received much attention, although Fichter and Buess (Helv. Chim. Acta, 1935, 18, 445) 
prepared the adipic analogue and showed that on thermal decomposition it gave products 
similar to those obtained in the electrolysis of potassium ethyl adipate. The acid chloride was 
therefore prepared by the action‘of thionyl chloride on ethyl hydrogen malonate (Marguery, 
Bull. Soc. chim., 1905, 33, 546) and purified by vacuum distillation. 15 G. of the chloride were 
then dissolved in 50 c.c. of ether and cooled to — 10° and a paste of 17 g. of hydrated barium 
peroxide in 50 c.c. of ether at the same temperature added. The mixture was shaken for 2 hours 
at — 10°. It was then filtered, the filtrate dried over anhydrous sodium sulphate, and evaporated 
in a vacuum at room temperature. About 5 g. of a viscous oil of slight but characteristic odour 
were obtained. This substance reacted slowly with potassium iodide and permanganate, and 
gave a slight coloration with titanic sulphate which deepened rapidly. Hence it appeared that 
the crude organi¢ peroxide, probably contaminated with hydrogen peroxide, had been obtained. 
It was used for the following experiments without purification. 

Thermal decomposition. A small quantity of the peroxide was heated in a flask over a small 
flame. Quiet decomposition took place, and a residue boiling at 214—218° and having the odour 
of ethyl succinate was obtained. The experiment was repeated with 1-003 g. of crude peroxide, 
the ethyl succinate formed being determined in the usual way; a yield of 27% calculated on the 
weight of crude peroxide taken was obtained. 

Action on glycol. 0-9 G. of the crude peroxide, dissolved in 10 c.c. of ether, was added to 
20 c.c. of glycol, and the mixture warmed slowly to 100° on a water-bath; it was then diluted 
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with water and excess of a solution of 2 : 4-dinitrophenylhydrazine hydrochloride added. After 
standing overnight at 0°, the precipitate was collected in a glass crucible, dried at 105—110°, 
and weighed ; 0-131 g. was obtained, corresponding to a 16% yield of glycollaldehyde, calculated 
on the weight of crude peroxide taken. 


DISCUSSION. 


The results now obtained are exactly parallel to those observed in the electrolysis of 
acetates in glycol solution (Glasstone and Hickling, Joc. cit.), and it would seem that a 
similar explanation would apply to the two cases. It may be supposed that ethyl malonate 
ions are directly discharged at the anode to form ethyl malonate radicals which then combine 
to give the corresponding peroxide; this may then decompose to give ethyl succinate and 
carbon dioxide, or may react with the solvent forming glycollaldehyde as the initial oxida- 
tion product. The experiments on the thermal decomposition of the prepared peroxide, 
and its reaction with glycol, support this view. 

Since the ethyl malonate ions are directly discharged at the anode, in contrast. to the 
process suggested for aqueous solutions in which it is supposed that hydrogen peroxide 
is the primary anodic product and that this then reacts with the ions, it would be expected 
that variable factors should have little influence on the electrolysis except in so far as they 
may effect the stability of the organic peroxide or its reaction with the glycol. This is in 
agreement with the experimental observations. As has already been pointed out, the 
synthesis in glycol solution is practically independent of the nature of the anode material 
or of the presence of catalysts for hydrogen peroxide decomposition, both of which factors 
are of predominating importance in aqueous solution. The falling off in efficiency at a 
lead peroxide anode in glycol solutions, which was also observed in the case of acetates, is 
probably to be attributed to reduction of the lead peroxide to monoxide by the glycol, the 
basic monoxide then reacting chemically with the organic peroxide to form a lead salt with 
evolution of oxygen; the organic peroxide may then act upon the solution of the lead salt, 
re-forming lead peroxide, and the process may repeat itself indefinitely. This view was 
confirmed experimentally in the case of acetates; it has not been found possible to do so in 
the present instance, as it is very difficult to obtain the organic peroxide free from hydrogen 
peroxide, and the reaction of the latter with the lead oxides masks the effect being 
sought. 

The falling off in efficiency of the Crum-Brown-—Walker synthesis in glycol with decreasing 
acid concentration is of some interest. Although no certain explanation is yet available, 
it seems not improbable that the organic peroxide is most stable in the presence of excess 
acid, and that some process akin to hydrolysis takes place when the acid concentration is 
diminished. The influence of temperature on the synthesis is much what might be expected. 
On heating, the organic peroxide tends to decompose into ethyl succinate and carbon 
dioxide, and hence the electrosynthesis is not greatly affected by rise of temperature, except 
in so far as the rate of oxidation of the glycol is probably increased. Similarly, other 
electrolytic factors such as C.D. and concentration have only slight effects in non-aqueous 
solution. 

On the addition of water to the glycol solutions, hydroxyl-ion discharge will replace that 
of ethyl malonate ions, and if conditions are such as to favour the decomposition of the 
hydrogen peroxide produced, the Cruam-Brown—Walker synthesis will be inhibited. This 
is seen to be the case in the experiments with the platinised platinum anode. With small 
quantities of water the extent to which the synthesis is inhibited will depend upon the 
amount of water added. When the water present is able to reach the anode at a sufficient 
rate to provide hydroxyl ions to cope with the whole of the current passing, then direct 
discharge of ethyl malonate ions will no longer occur. As the limiting rate of diffusion of 
water to the anode under the existing concentration gradient will be very small in the viscous 
glycol solutions, it is probable that the water is carried to the anode by hydrated ethyl 
malonate ions. This would account for the fact that the influence of a given amount of 
water is apparently independent of C.D. 

In conjunction with the results of the work in aqueous solution (Part X) it is now possible 
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to present the following comprehensive scheme for the mechanism of the anodic oxidation of 
the acid-ester salt in aqueous and in non-aqueous solutions. 


Aqueous solution : Non-aqueous solution : 
20H’ = 20H + 2e 2CO,Et*CH,°CO-0’ = 2CO,Et-CH,°CO-0-+ 2e 
irreversible 


(CO,Et-CH,*CO-0), 


‘ 


CO,Et-CH,CH,'CO,Et Oxidation of 


2CO,Et’CH,°CO-O +.2CO, solvent, ¢.g., 
CO,Et’CH,°CO,H Crum-Brown— (CO Et*CH,°CO-0), 
Walker synthesis + (CH *OH), > 
(CO,Et-CH,°CO-O), CO,Et*CH,°CO-O-OH CHO-CH,-O + 
2CO,Et-CH,°CO,H 
CO,Et-CH,°CH,°CO,Et 
+ 2CO, CO,Et-CH,°OH + CO, 
oO 


Crum-Brown-Walker CO,Et-CHO 
synthesis Ethyl glyoxylate 


The authors gratefully acknowledge grants from the British Association for the Advance 
ment of Science (to J. V. W.) and the Chemical Society. 


University CoLLeGe, LEICESTER. [Recetved, June 1st, 1939.] 





243. The Synthesis of 3:4: 8: 9-Dibenzo-5 : 10-diazapyrene. 
By G. R. CLEMo and E: C. Dawson. 


The synthesis of 3: 4: 8 : 9-dibenzo-5 : 10-diazapyrene (I) is described. A simple 
new method for the preparation of 2 : 2’-diamino-1 : 1’-dinaphthyl is described. 


In view of the present-day interest attaching to the phenazine system the preparation of 
the analogues 3 : 4: 8 : 9-dibenzo-5 : 10-diazapyrene (I) and 6 : 12-diaza-anthanthrene (IT) 
has been investigated. We were forestalled by I. G. Farbenindustrie (D.P. 659,881) in 


Lv avry 


O 
N 
» Yo BG 
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\ 
(II.) (III.) 


the preparation of the latter, but prepared the former by oxidation of the 1 ; 5-dianslino- 
naphthalene with gaseous oxygen in the presence of aluminium chloride. A similar method 
was used by Vollmann and co-workers (Amnalen, 1937, 531, 102) for the conversion of 2 : 6- 
dihydroxy-1 : 5-dibenzoylnaphthalene into 1: 6-dihydroxy-3 : 4: 8 : 9-dibenzopyrene- 
5 : 10-quinone. 

3: 4:8: 9-Dibenzo-5 : 10-diazapyrene is a very stable compound, which sublimes, or 
crystallises from chlorobenzene, in chrome-yellow needles, and forms red salts. The analy- 





[1939] 3:4:8: 9-Dibenzo-5 : 10-diazapyrene. 1115 


tical figures do not definitely distinguish it from its 5 : 10-dihydro-derivative, but the latter 
is precipitated from acid solution by metals, and is reconverted into (I) by ferric chloride. 
Preliminary experiments have shown that (I) does not react with nitric acid or bromine, 
but is sulphonated by chlorosulphonic acid. 

Attempts to synthesise 6 : 12-diaza-anthanthrene by the oxidation of 6-naphthylamine 
were unsuccessful. Lead dioxide yielded 1: 2: 6: 7-dibenzophenazine (III) [cf. its pre- 
paration by Claus and Jaeck (D.R.-P. 78,748) and by the Kéchster Farbwendung (D.R.-P. 
165,226) from $-naphthylamine by other methods] and a trace of a new compound, 
Cy9H,4Na, which may possibly be 5 : 10-dihydro-1 : 2 : 6 : 7-dibenzophenazine. 

The preparation of 2 : 2’-diamino-1 : 1’-dinaphthyl by Méisenheimer and Witte (Ber., 
1903, 36, 4155) involved many stages and gave a poor yield. Fischer (Amunalen, 1885, 
232, 242) prepared 6-naphthylhydrazine by the reaction between equimolecular amounts 
of -naphthol and hydrazine hydrate, but we have found that by using two equivalents of 
6-naphthol, 2 : 2’-diamino-1 : 1’-dinaphthyl can be readily obtained in 45% yield. The 
intermediate §8’-hydrazonaphthalene was not isolated, and it is uncertain whether the 
o-benzidine conversion took place during the main reaction, or in the subsequent extraction 
with hot acid. The latter seems more probable, however, as at reaction temperatures 
above 190° only 8-naphthylamine was formed, and the diaminodinaphthy] is stable under 
these conditions. 

The ring closure of diaminodinaphthyl was investigated by many methods with a view 
to preparing (II), but no success was obtained. 


EXPERIMENTAL. 

1 : 5-Dianilinonaphthalene.—1 : 5-Dihydroxynaphthalene (4 g.) and aniline (9 c.c.) were 
heated at 260° for 24 hours in a sealed tube. The product was stirred with cold dilute hydro- 
chloric acid, washed successively with cold dilute hydrochloric acid, water, cold dilute sodium 
hydroxide solution, and water, and dried. The crude product thus obtained (yield, 40%), 
m. p. 205°, is satisfactory for the ring closure. The compound is insoluble in hydrochloric acid 
and sparingly soluble in most organic solvents, but crystallises from chlorobenzene in colourless 


prisms, m. p. 214° (Found: C, 85-0; H, 5-7. C,,.H,,N, requires C, 86-1; H, 5-8%). 

3: 4:8: 9-Dibenzo-5 : 10-diazapyrene.—Sodium chloride (7 g.) and aluminium chloride 
(33 g.) were ground together and fused in a metal-bath. 1: 5-Dianilinonaphthalene (5 g.) was 
added, and the temperature gradually raised to 320—330°, where it was maintained while 
oxygen was blown through the mixture. After 8—9 hours the product, which had acquired the 
consistency of putty, was added while still hot to dilute hydrochloric acid (200 c.c.) and boiled 
for a few minutes. Ferric chloride (0-5 g.) was added to reduce the solubility of the material 
and reoxidise any dihydro-derivative formed by the action of the nickel spatula used for stirring. 
After cooling, the solid was collected, washed, stirred with dilute sodium hydroxide solution, 
kept overnight, then again filtered off, washed, and dried. The material was extracted from a 
Soxhlet thimble suspended in a wire cage under the reflux condenser in a flask of boiling chloro- 
benzene, and thus obtained in chrome-yellow needles, m. p. 362°. Yield, 60%, and a further 
5% by evaporation of the solution (Found: C, 86-5; H, 4:1. C,,.H,,N, requires C, 86-8; 
H, 40%). 3:4: 8: 9-Dibenzo-5: 10-diazapyrene sublimes, is slightly soluble in organic sol- 
vents, and gives orange-red solutions in concentrated acids. The hydrochloride is bright red. 
Its 5 : 10-dihydro-derivative is thrown down from a hydrochloric acid solution of dibenzodiaza- 
pyrene by the action of zinc, tin, nickel, etc., as a flocculent brown precipitate, which does not 
sublime and is insoluble in organic solvents and acids. 

Oxidation of B-Naphthylamine.—8-Naphthylamine (1 g.) and lead dioxide (4 g.) were intimately 
mixed and heated at 180° for 24 hours. The mass was extracted with pyridine and the products 
were precipitated with water, dried, and separated into an alcohol-soluble and an alcohol- 
insoluble fraction. The latter was 1: 2:6: 7-dibenzophenazine, crystallising from glacial 
acetic acid in yellow needles, m. p. 283° (Found: C, 85-9; H, 4:3. Calc. for C,,H,,N,: C, 
85-7; H, 4-3%). The alcohol-soluble material, which alternatively could be extracted directly 
from the reaction mass with hot alcohol, crystallised on cooling in pale yellow needles, m. p. 
195°, sparingly soluble in organic solvents and insoluble in hydrochloric acid. It sublimes 
(Found: C, 85:5; H, 5-3. C,9H,,N, requires C, 85-1; H, 5-0%). Yield, 2%. 

2: 2’-Diamino-1 : 1'-dinaphthyl—Hydrazine hydrate (5 c.c.) and f-naphthol (30 g.) were 
heated in a sealed tube at 170—-180° for 48 hours, the tube opened and its contents remelted 
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in a water-bath, poured into hydrochloric acid (50—100c.c.; 1: 1), and boiled for a few minutes 
with stirring. The liquid was allowed to stand just long enough to separate into two layers, 
and the upper aqueous layer was siphoned off. On cooling, it deposited crystals of diamino- 
dinaphthyl hydrochloride (the mother-liquor was used for several more extractions). The last 
extract was made into a paste with the crystals, excess of sodium carbonate solution added, and 
the mixture left overnight. The brown precipitate was washed with a little warm alcohol and 
dried. Yield 45%, m. p. 185—187°. Crystallisation from alcohol effected only a partial 
purification; benzene-light petroleum (3: 1) gave a reduced yield of white material, m. p. 191°. 


We wish to thank Imperial Chemical Industries (Dyestuffs Group) Ltd., for a grant, and for 
permission to publish the above results, and the North Riding Education Committee for an 
exhibition (to E. C. D.). 


UNIVERSITY OF DuRHAM, K1NG’s COLLEGE, 
NEWCASTLE-UPON-TYNE. : [Received, June 7th, 1939.] 





244. Preparation of Thiophen Derivatives from 
Ethyl 8-Carbethoxylevulate. 


By S. Mitra, N. K. CHAKRABARTY, and S. K. MITRA. 


5-Alkoxythiophen derivatives are formed by the action of hydrogen sulphide on 
alcoholic solutions of ethyl B-carbethoxylevulate saturated with hydrogen chloride at 0°. 
5-H ydroxy-2-methylthiophen-3-carboxylic acid in its keto-form condenses with carbonyl 
compounds to give yellow dyes. 


In the course of work on the synthesis of complex thiophenoid dyes thiophen derivatives 
containing groups in convenient positions were required. Their preparation by known 
methods based on the action of sulphides of phosphorus on y-diketones, y-ketonic acids, 
or anhydrides of dibasic acids was unsatisfactory on account of the low yields of the 
products and in some cases the failure of the reaction, and Mitra’s method (J. Indian 
Chem. Soc., 1938, 15, 59) was of limited applicability owing to the inaccessibility of the 
initial unsaturated diketones. 

The method adopted utilised a y-thioketonic ester, prepared by the action of hydrogen 
sulphide on a solution of the corresponding y-ketonic ester (Mitra, ibid., 1933, 10, 71; 
1938, 15, 31) in an alcohol saturated with hydrogen chloride. The presence of a $-carb- 
ethoxy-group (I) so facilitated the ring closure that thiophen formation took place during 
the process of thionation. The hydroxythiophen thus produced reacted with the solvent 
alcohol to give a 5-alkoxythiophen derivative (II). 


Me:CO-CH:-CO,Et MeC—C-CO,Et MeC—CX XC—CMe 
: Oat Ore I 
EtO,C-CH, RO-C—CH RO-C= —C-OR 


(I.) (II.) CHR’ (IIL) 
MeC—CX MeC——CX 


(IV.) S< | | (V.) 
HO H 1“ -CHR’ 
(R= alkyl; R’=alkyl or aryl; X =CO,H) 


The acids corresponding to (II) reacted with aromatic aldehydes, giving dithienylaryl- 
methanes (III), and the acid on dealkylation furnished 5-hydroxy-2-methylthiophen-3- 
carboxylic acid (IV). This in its keto-form condensed with aldehydes, giving yellow 


dyes (V). 
EXPERIMENTAL. 


Preparation of the Ethers (I1).—-Ethyl B-carbethoxylevulate (I) was dissolved in an alcohol 
(ROH) (1:2—1-5 g. in 100—200 c.c.), previously saturated with dry hydrogen chloride at 0°, 
and hydrogen sulphide was passed for 12 hours through the solution, which was then poured 
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on ice. The oil that separated was extracted in benzene, recovered, and boiled with pyridine. 
The pyridine solution on acidification gave an oil, which was extracted in benzene and distilled 
under reduced pressure. 

The following ethers of ethyl 5-hydroxy-2-methylthiophen-3-carboxylate were thus prepared : 
methyl, b. p. 125°/5 mm. (Found: C, 53-9; H, 5-9. C,H,,0,S requires C, 54:0; H, 6-0%); 
ethyl, a greenish-yellow oil, b. p. 150°/5 mm. (Found: C, 55-7; H, 6-6; S, 15-0. C, 9H,,0,S 
requires C, 56-1; H, 6-5; S, 14:9%); n-propyl, a yellow liquid, b. p. 135°/5 mm. (Found : 
C, 58:1; H, 7-3. C,,H,,0,S requires C, 57-9; H, 7-0%). 

The three foregoing ethers (5—10 g.) were refluxed (4—6 hours) with 10% barium hydroxide 
solution (100—200 c.c.), and the cooled solutions acidified with hydrochloric acid, whereby 
the corresponding acids were precipitated. 5-Methoxy-2-methylthiophen-3-carboxylic acid, m. p. 
128° (Found: C, 48-9; H, 4:9; OMe, 16-5. C,H,0,S requires C, 48-8; H, 4:6; OMe, 
18-0%), and the 5-ethoxy-acid, m. p. 122° (Found: C, 51-5; H, 5:7; S, 17-2; OEt, 21-4. 
C,H,,0,S requires C, 51-6; H, 5-4; S, 17-2; OEt, 24-1%), both formed colourless needles; the 
5-n-propoxy-acid formed colourless plates, m. p. 75° (Found: C, 53-8; H, 6-0. C,H,,0,S 
requires C, 54-0; H, 60%). The 5-ethoxy-acid formed a barium salt crystallising in needles 
[Found : Ba, 26-6. (C,H,O,S),Ba requires Ba, 27-0%]. 

Preparation of Dithienylarylmethanes (III).—The alkoxymethylthiophencarboxylic acid was 
dissolved in the minimum quantity of alcohol saturated with dry hydrogen chloride at 0°, an 
alcoholic solution of an aromatic aldehyde added, and the mixture left for 1 hour at 0°. The 
precipitate was collected and boiled with pyridine (1 minute), the pyridine solution treated with 
an excess of dilute hydrochloric acid, and the precipitated dithienylarylmethane crystallised 
from alcohol, forming colourless needles. Di-(5-ethoxy-3-carboxy-2-methyl-4-thienyl)phenyl- 
methane, m. p. 233°, was obtained from the 5-ethoxy-acid (3 g.), alcoholic hydrogen chloride 
(10 c.c.), and benzaldehyde (2 g.) (Found: C, 59-9; H, 5-4; S, 14:2. C,,H,,0,S, requires C, 
60:0; H, 52; S, 139%); di-(5-ethoxy-3-carboxy-2-methyl-4-thienyl)-4'-hydroxy-3'-methoxy- 
phenylmethane, m. p. 235°, from the 5-ethoxy-acid (3 g.), alcoholic hydrogen chloride (20 c.c.), 
and vanillin (4 g.) (Found: C, 56-3; H, 5-2. C,,H,,0,S, requires C, 56-9; H, 5-1%); di-(5-n- 
propoxy-3-carboxy-2-methyl-4-thienyl) phenylmethane, m. p. 232° (decomp.), from the 5-n-propoxy- 
acid (4 g.), alcoholic hydrogen chloride (20 c.c.), and benzaldehyde (3 g.) (Found: C, 61-3; 
H, 6-1. C,;H,,0,S, requires C, 61-4; H, 5°75%); and di-(5-methoxy-3-carboxy-2-methyl-4- 
thienyl)phenylmethane, m. p. 250° (decomp.), from the 5-methoxy-acid (1 g.), benzaldehyde (1 g.), 
and alcoholic hydrogen chloride (Found: S, 14-5. C,,H,,.O,S, requires S, 14-8%). 

5-Hydroxy-2-methylthiophen-3-carboxylic Acid (IV, X = CO,H).—5-Methoxy- or 5-ethoxy-2- 
methylthiophen-3-carboxylic acid (1 g.) was treated with hydrobromic acid (10 c.c., d 1-8) at 
0°, and the mixture kept at room temperature (22°) for 1 hour; the alkoxy-acid had then 
almost completely dissolved. On dilution with water (30 c.c.), 5-hydroxy-2-methylthiophen-3- 
carboxylic acid separated ; it formed colourless needles, m. p. 160°, from water (Found : C, 45-0; 
H, 3-9; S, 20-4. C,H,0,S requires C, 45-5; H, 3-8; S, 20-2%). It responded to the 
indophenin test and gave an intense pink coloration with ferric chloride. 

Condensation with aldehydes. 5-Hydroxy-2-methylthiophen-3-carboxylic acid (0-5 g.) was 
dissolved in an alcoholic solution (1—3 c.c.) of the aldehyde, and a few drops of alcoholic 
hydrogen chloride added. The mixture was left at room temperature (24°) for 1 hour and then 
made just turbid by addition of water. The precipitated material was crystallised from alcohol. 
The following compounds were thus prepared ; they did not give a coloration with ferric chloride: 
5-keto-4-benzylidene-2-methyl-4 : 5-dihydrothiophen-3-carboxylic acid (V; R’ = Ph, X = CO,H), 
from benzaldehyde (0-5 g.), bright yellow needles, m. p. 166° (Found : C, 63-0; H, 4-2; S, 12-9. 
C,3H,,0,;S requires C, 63-4; H, 4:1; S, 13-0%); the 4-o-nitrobenzylidene analogue, from 
o-nitrobenzaldehyde (0-7 g.), bluish-yellow prisms, m. p. 184° (decomp.) (Found: C, 53-1; 
H, 3-0. C,;H,O;NS requires C, 53-6; H, 3-0%); the 4-0-methoxybenzylidene compound, from 
anisaldehyde (0-7 g.), brilliant orange-yellow needles, m. p. 152° (Found: C, 61:0; H, 4:8. 
C,,4H,,0,S requires C, 60-9; H, 44%); the 4-ethylidene compound, from saturated aqueous 
acetaldehyde (1 c.c.), hay-coloured needles, m. p. 124° (Found: C, 51-7; H, 4-7; S, 18-0. 
C,H,O,S requires C, 52-1; H, 4:4; S, 17-4%); and the 4-cinnamylidene compound, from 
cinnamaldehyde (1 g.), orange needles, m. p. 204° (Found: S, 11-7. C,;H,,0,S requires 
S, 117%). 


Our thanks are due to Sir P. C. R4y for his interest in this investigation. 


UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, CaLcuTTa, INDIA. (Received, May 9th, 1939.] 
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245. Dipole Moments and Molecular Structure of Methyl and 
Ethyl Carbonates. 


By GEORGE THOMSON. 


The dipole moments of methyl] and ethyl carbonates have been measured in benzene 
solution at 25°, and calculation made, with allowance for induction effects, of the 
moments of possible planar models for these molecules. The value calculated for the con- 
figuration of minimum moment for methyl carbonate agrees with the experimental value. 
Consideration of ethyl carbonate is complicated by the presence in the molecule of 
four possible axes of free rotation, but it is thought that this, if it is at all possible, is 
limited to rotation of the terminal methyl groups about the nearer C—O linkage. A 
possible source of anomaly in Kubo’s measurements in the vapour state on methyl 
carbonate and dimethoxymethane is indicated. 

It is demonstrated by calculation of the induction effects in ethyl ether that these 
are sufficient to account for the difference in moment between methyl and ethyl ethers 
without postulating any change in the oxygen valency angle. 


THE dipole moments of the carbonic esters are of interest since the molecules contain two 
or more putative axes of free rotation. Kubo and his collaborators (Sci. Papers Inst. 
Phys. Chem. Res. Tokyo, 1936, 30, 169; 1937, 32, 129) found that the moment of methyl 
carbonate vapour increased steadily from 0-86 at 55° to 1-00 at 206-2° (all moments are 
given in Debye units); the moment of ethyl carbonate, on the other hand, was constant at 
1-06 over the range 79-5—203-9°. From consideration of these results and of the Raman 
spectra, they concluded that oscillatory intramolecular motion was possible in methyl 
carbonate but that ethyl carbonate had a fixed structure.* In calculating maximum and 
minimum moments no account was taken of induction effects. In the present investigation 
the moments of methyl and ethyl carbonates have been measured in benzene solution at 
25°, and an attempt has been made to calculate minimum and maximum values of moment 
for each compound, induction effects being allowed for by using Groves and Sugden’s 
method (J., 1937, 1992). The experimental values are 1-06 for the methyl and 0-90 for 
the ethyl compound. It is noteworthy that whereas Kubo found that in the vapour state 
at comparable temperatures the moment of methyl carbonate was always less than that of 
ethyl carbonate, the reverse holds in these measurements in solution. The latter is the order 
one expects if, as seems probable, electrostatic repulsion holds the alkyl groups as far apart 
as possible, #.e., the C-O-C-O-C chain forming an extended “ zig-zag,”’ the configuration 
of minimum dipole moment. The value 0-90 for the moment of ethyl carbonate in benzene 
solution is in agreement with Kubo’s value of 1-06 in the gaseous state since, if the solvent 
effect is normal, the values found in benzene solution are very nearly 0-9 times the gaseous 
value. 

Methyl Carbonate.—The central carbon atom must be coplanar with the three oxygen 
atoms. The configurations of minimum and maximum moment will be those in which the 
carbon atoms of both methyl groups are also in this plane, viz., (A) and (B) respectively. 


CH, 


f-- 
(A.) c=0 


4 
o€ CH, <0” 
CH, 


* Kubo found the graph of polarisation of methyl carbonate against 1/T to be a straight line: an 
increasing moment requires a curve. Extrapolation of the straight line to 1/T = 0 gave an intercept 
of 30-9 c.c., leading to the improbable value of 12-4 c.c. for the atomic polarisation. This does not 
seem an adequate reason for assuming a temperature coefficient of the moment, since small errors in 
the absolute value of the dielectric constant and/or the density (which is calculated indirectly and 
subject to greater error than the measurement of dielectric constant) have been shown to suffice in mariy 
cases to explain apparently abnormal values of P,. 


CH,—O 
\S 
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(The directions of the primary moments are indicated.) The second is extremely improbable, 
since in it the nuclei of the methyl carbon atoms are separated by only 1-65 a. and electro- 
static repulsion must be strong. There will also be an attractive force between the dipole 
situated at the C-O bond and those situated at the CH,—O bonds, so the plane zig-zag 
configuration (A), or one not differing greatly from it, seems probable. 

In the calculation of moment Groves and Sugden’s notation is used throughout. The 
values of « used are: C, 0-96; CHg,, 1-82; CHg, 2:25; the interatomic distances are taken 
to be C=O, 1-284; C-O, 1-434., and atomic radii C, 0-774. and O, 0-664. The 


“a 
valency angles are assumed to be -C-O-CH, = 111° as in methy] ether (Sutton and Brock- 


“—N 
way, J. Amer. Chem. Soc., 1935, 57, 473; Groves and Sugden, Joc. cit.) and O-C=O = 125° 
(Groves and Sugden, loc. cit.). It is assumed that the primary C-O dipoles are situated 
at the points of contact of the carbon and oxygen atoms, the primary C=O dipole midway 
between the carbon and oxygen nuclei. The values of bond moments used are those 
calculated from the moments of vapours by Groves and Sugden (loc. cit.), viz., C=O, 
2-28; CH,—O, 2-30. For the C—O bond the value 1-9 has been adopted, derived from the 
value for CH,-O by deducting 0-4 as the resultant of the three hydrogen atoms acting 
tetrahedrally in the methyl group. There is, of necessity, an uncertainty about this value, 
but it probably represents the lower limit for the C-O dipole. A higher value for this 
dipole will give higher values for the calculated minimum moments of the carbonates. 
The induced moments taken into account are those induced in the methyl groups by the 
C=O dipole and by the C-O dipole in the same half of the molecule and those induced 
in the central carbon atom by the CH,—O dipoles. Groves and Sugden (loc. cit.) have 
calculated that in dimethyl ether the moment induced in each methyl group by the more 
remote C—O dipole is represented by a moment 0-398 woo inclined at an angle of 12-6° 
to the adjacent C-O bond. Since the same valency angle has been assumed for oxygen in 
the present calculations, this value has been accepted for the moment induced in each 
methyl group by the more remote C-O dipole in the same half of the molecule. The 
moment induced in the central carbon atom by each CH,-O dipole will be 
(0-398 x 0-96/2-25) uor,o, 2-¢., 0-170 ugz,o, %q being substituted for agy,. It remains to cal- 
culate for configurations (A) and (B) the moments induced in the methyl groups by the 
C=O dipole. Obviously, only the components induced parallel to the primary C-O 
moments need be evaluated, since the components at right angles vanish by symmetry. 
From the appropriate diagrams, 2A, = —0-2290 in (A) and + 0-09682 in (B), whence the 
components of induced moment parallel to the C-O dipole are calculated to be 
— 0-0785 up—o for (A) and 0-0946 1.» for (B). The minimum and maximum values of moment 
are found by compounding and resolving in the direction of the C=O dipole the moments 
shown in Fig. 1A and Fig. 1B respectively. 
From Fig. 1A the resultant is 

2-28 — 2(1-90 cos 55°) — 2(2-30 cos 56°) + 2(0-398 x 1-90 cos 43-4°) + 

2(0-170 x 2-30 cos 42-4°) — 2(0-0785 x 2-28) 
which gives 1-154. 

From Fig. 1B the resultant is 

2-28 — 2(1-90 cos 55°) + 2(2-30 cos 14°) — 2(0-398 x 1-90 cos 43-4°) + 

2(0-170 x 2-30 cos 67-6°) + 2(0-0946 x 2-28) 


which gives 3-94. 


These values are for methyl carbonate in the gaseous state: in benzene solution, if 
Usoin. = 0-9 u,,,, they would be about 1-04 and 3-33 respectively. The experimental value 
is 1-06. It would appear, therefore, that in benzene solution methyl carbonate has a 
configuration approximately represented by Fig. 1A. Kubo’s values (Sct. Papers Inst. Phys. 
Chem. Res. Tokyo, 1937, 82, 129) for the moment of methyl carbonate in the gaseous state are 
all considerably lower than the value here calculated as the minimum value of the moment. 
The same author had previously (ibid., 1936, 29, 179) recorded a similar variation of 
moment with temperature in the case of dimethoxymethane, whereas the moment of 
diethoxymethane was almost constant over a similar range of temperature. Lébering 
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and Fleischmann (Ber., 1937, 70, 1680) have shown that the methods previously described 
for preparing dimethoxymethane (methylal) are unsatisfactory since it forms an azeotropic 
mixture with methyl alcohol. It appears that the true b. p. is about 35° instead of 42-3°. 
Bowden (private communication) refers to difficulty in purifying methyl carbonate and 
stresses the necessity for short preliminary treatment with freshly heated calcium chloride 
to break down any azeotrope with the alcohol. Kubo’s separation from alcohol by crys- 
tallisation followed by fractional distillation will not achieve this. He records no physical 
properties other than the b. p., so comparisons are difficult, but it seems certain that instead 
of dimethoxymethane he used the azeotropic mixture with methyl alcohol, and probable 
that his methyl carbonate was also contaminated with methyl alcohol. This probably 
accounts for the anomalous behaviour of these compounds. Further measurements seem 
to be desirable. 

Constancy of Oxygen Valency Angle.—The possibility of a different value of oxygen 
valency angle in ethyl carbonate must be considered. From the variation in moment as one 


Fic. 1. 


B. 


passes up the series of normal aliphatic ethers it has been argued that the oxygen valency 
angle must increase with increasing size of the alkyl angle. Stuart (‘ Molekiilstruktur,”’ 
1934) has expressed the view that the angle is probably constant and that induction effects 
are sufficient to explain the change in moment from one member to another of this homo- 
logous series. Calculation shows that this is the case. The same values are assumed for 
the bond moments and valency angles as in the case of methyl ether (discussed by Groves 
and Sugden, Joc. cit.), and the carbon valency angle is taken as 109-5°. There is the pos- 
sibility of free rotation of the methyl groups about the CH,-O bonds, so two symmetrical 
plane configurations (Figs. 2A and 2B) are possible, of which B is highly improbable on 
account of the close approach of the carbon atoms. The induced moments calculated for 
A are: 

(a) That induced in each methyl group by the nearer C—O dipole. This was estimated 
from Groves and Sugden’s calculation (loc. cit.) of the induced moment in the 6 carbon atom 
ofethyl halides. It is 0-034 ug parallel to the C—O dipole and 0-237 up» at right angles. 

(6) The moment induced in each methyl group by the more remote C-O dipole. From 
the appropriate diagrams ZA, = 0-1165 and ZA, = 0-2032, whence the moment induced 
is 0-0722 ug» parallel to the remote C—O dipole and 0-0600 po» at right angles. 
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(c) The moment induced in each methylene group by the more remote C-O dipole. 
This can be derived from the values of the induced moments in the methyl groups of methyl 
ether by substituting agg, = 1-82 for «gq, = 2:25. The induced moment is then (0-398 x 
1-82/2-25) woo, t.€., 0-322 woo at an angle of 12-6° to the nearer C—O dipole. The resultant 
moment of the molecule is obtained by resolving the induced moments in the same direction 
as the resultant of the primary C-O moments. It is 


2 X 2-30(cos 55-5° + 0-34 cos 55-5° +- 0-0722 cos 555° — 0-322 cos 42-9° — 
0-237 cos 34-5° + 0-0600 cos 34:5°) 


which gives 1-126, in excellent agreement ‘with Sanger’s gas value 1-146 (Phystkal. Z., 
1930, 31, 306). Stuart (of. cit.), from consideration of the intramolecular potentials, 
concluded that the methyl groups probably had an oscillatory motion with an amplitude 
of 70° about the position here denoted by (A). 


Fic. 2. 


B. 


For the alternative (and improbable) plane configuration (B) the only difference in 
magnitude will be in the moment induced in each methyl group by the more remote C—O 
dipoles. From the appropriate diagrams £A, = — 0-2939 and ZA, = 0-0484, whence the 
induced moment is — 0-1002 ug» parallel to the more remote C—O dipole and 0-2385 poo 
at right angles. As before the resultant is given by 


2 x 2-30(cos 55-5° — 0-322 cos 42-9° + 0-034 cos 55-5° + 0-237 cos 34:5° — ‘ 
0-1002 cos 55-5° — 0-2385 cos 34:5°), 


which gives 1-344. Accordingly the oxygen valency angle has been assumed to be 111° 
in ethyl carbonate. 

Ethyl Carbonate.—Corresponding to the plane configuration (A) of methyl carbonate 
there are two symmetrical plane configurations (Fig. 3, A, and A,) for ethyl carbonate, 
produced by rotation of the terminal methyl groups about the C-C axis. From the plane 
configuration (B) of methyl carbonate only one symmetrical plane configuration for ethyl 
carbonate can be derived (Fig. 3, B) and the same objections apply to this as to configuration 
(B) for methyl carbonate. The induced moments for A, are calculated as follows : 





1122 Thomson : Dipole Moments and 


(a) The moment induced in each methylene group by the C=O dipole is estimated from 
the calculations for methyl carbonate to be — (0-0785 x 1-82/2-25) ug=o, t.e., — 0-145, 
parallel to the C=O dipole. 

(6) That induced in each methyl group by the C=O dipole is found from the 
appropriate diagram to be — 0-0122 up—o, t.., —0-0278, parallel to the C-O dipole. 
[In both (a) and (b) the components at right angles to the primary dipole vanish by 
symmetry. ] 

(c) That induced in each methylene group by the more remote C-O dipole in the same 
half of the molecule is estimated (cf. ethyl ether) to be 0-322 wu.» at an angle of 12-6° to 
the nearer C—O dipole, 7.e., 43-4° to the direction of the C=O dipole. 

(d@) The moment induced in the central carbon atom by the more remote C-O dipoles 
will be, as in methyl carbonate, for each C—O dipole 0-170 yoy —p at an angle of 42-4° to the 
C=O axis. 

(ec) The induction in each methyl group due to the remote C—O dipole in the same half 


Fic. 3. 


b-0722 c/o 
A; 


of the molecule has the components 0-0722 y,-9 parallel to the C—O dipole and 0-0600 ug_o 
at right angles (cf. ‘‘ zig-zag ’’ configuration of ethyl ether). 

(f) The induction in each methyl group due to the nearer CH,—O dipole in the same half 
of the molecule has the components 0-034 ugq.—o parallel to the C—O dipole and 0-237 ugy—o 
at right angles (cf. ethyl halides; Groves and Sugden, /oc. cit.). 

The resultant moment is given by 
2-28 — 2(2-3 cos 56°) — 2(1-9 cos 55°) — 2(0-145) — 2(0-0278) + 2(0-322 x 1-90 cos 43-4°) 
+ 2(0°170 x 2:30 cos 42-4°) — 2(0-0722 x 1-90 cos 55°) + 2(0-0600 x 1-90 cos 35°)— 
2(0-034 x 2-30 cos 56°) + 2(0-237 x 2-30 cos 34°), 
which gives — 0-880. 

For the alternative plane configuration A, the only induced moments which differ in 
magnitude from those estimated for A, are (b) and (e). From the appropriate diagram (d) 
is found to be — 0-0855 yo—, 7.e., — 0-195; (e), the moment induced in each methyl group 
by the more remote C—O dipole in the same half of the molecule, is estimated (cf. ‘‘ ring ”’ 
configuration of ethyl ether) to have the components — 0-1002 uo» parallel to the C-O 
dipole and 0-2385 uo» at right angles. With the appropriate alterations in three terms in 
the above calculation, this gives the value — 1-617. 
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For the configuration in Fig. 3B the only induced moments for which data have not so 
far been obtained are those induced in the methyl groups by the C=O dipole. From the 
appropriate diagram ZA, = + 0-06086, whence y,, = 0-0245 uo, t.e.,0-056. Themoment 
induced in each methylene group by the C-O dipole can be calculated from the value 
found for the methyl group in configuration (B) of methyl carbonate: it will be 
— (00946 x 1-82/2-25) up, i.e., 0-1744. The resultant moment of the whole molecule 
will be 


2-28 — 2(1-90 cos 55°) + 2(2-30 cos 14°) + 2(0-1744) + 2(0-056) — 2(0-322 x 1-90 cos 
26-6°) + 2(0-170 x 2-30 cos 67-6°) + 2(0-034 x 2-30 cos 14°) — 2(0-237 x 2-30 cos 76°) — 
2(0-0722 x 1-90 cos 55°) + 2(0-060 x 1-90 cos 35°) 


which reduces to 4-145. 

The improbability of this structure is borne out by comparison of this calculated value 
with the experimental values of 1-06 in the gaseous state (Kubo) and the present value 
0-90 in benzene solution. It seems likely that the attractive forces between the C=O 
dipole and the more remote C-O dipoles are sufficient to lock the methylene groups in the 
position shown in Fig. 3, A, and A,. The magnitude of the moment and its constancy 
over a wide range of temperature may be due either to a locking of the terminal methyl 
groups in some position intermediate between those shown in A, and Ag, or to completely 
free rotation of these groups. The mean resultant moment for free rotation of the methyl 
groups, with allowance for variation in induction effects, is not readily calculable. 


EXPERIMENTAL. 


Apparatus.—Dielectric constants were measured by a resonance method using a dynatron 
oscillator and a quartz resonator in the measuring circuit to detect the resonance point. The 
frequency was 932-5 kc./sec. In the measuring circuit, the condenser system consisted of a 
specially constructed variable condenser of 17 uur. range (with a scale and vernier enabling 
settings to be made to 0-001 pyr.) and a set of six fixed condensers (approximate capacities 12, 
24, 48, 96, 192 and 384 uur. respectively) which could be connected in parallel with the variable 
condenser by means of mercury cups. The condensers were individually shielded, and inter- 
calibrated in terms of scale divisions of the variable condenser. The experimental cell used was 
modified slightly from the Sayce and Briscoe type (J., 1925, 127, 315). The thermostat in which 
the cell was immersed was a large glass accumulator jar filled with liquid paraffin (about 10 1.), 
electrically heated and maintained at 25° + 0-05° by a benzene-filled thermoregulator. The 
cell was filled and emptied, washed and dried in position in the thermostat. 

Materials.—The benzene used as solvent was prepared from B.D.H. “ extra pure ” liquid 
as already described (J., 1937, 1051). The specimens of methyl and ethyl carbonates were very 
kindly supplied by Dr. S. T. Bowden, University College, Cardiff. 


In the following tables the symbols have their usual significance. 


Methyl Carbonate in Benzene. 


Ss- de : €25°- P,. te: da . €25°: P;. 
0-0000 0-87368 2-2725 — 0-02352 0-87743 2-3003 42-4 
0-0089878 0-87510 2-2828 42-6 0-029542 0-87839 2-3074 42-45 
0-020037 0-87688 2-2965 42-4 0-037882 0-87970 2-3170 42-45 


oP, = 42-4; np” = 1-36696, di = 1-06027; whence Pg = 19-05, Po, 4 = 23-35 c.c., and p = 1-06. 


Ethyl Carbonate in Benzene. 


0-0000 0-87368 2-2725 —_ 0-016641 0-87588 2-2834 45-2 
0-01002 0-87474 2-2793 45-4 0-019705 0-87598 2-2853 . 46-4 
0-013516 0-87524 2-2817 45-45 


wPs = 45-4; np = 1-38297, de = 0-96926; whence Pg = 28-39, Poy, = 17 c.c., and p = 0-90. 


UNIVERSITY OF GLASGOW. [Received, May 24th, 1939.] 
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246. Sapogenins. Part V. Bassic Acid. 
By B. Jason Heywoop, Greorce A. R. Kon, and Lancetot L. WARE. 


A new sapogenin, bassic acid, Cy,H,,O;, has been isolated from several species of 
Bassia and shown to be an acid of the triterpene series. It has two hydroxyl groups 
in the 1 : 3-position to one another, like those of hederagenin and occupying the same 
position in the molecule; the carboxyl group and a double bond also occupy positions 
similar to those of other sapogenins. There is another hydroxyl and a reactive 
double bond, the positions of which still remain to be determined. A partial formula 
for the compound is suggested. 


THE poisonous properties of Mowrah meal, the residue remaining after the oil has been 
pressed from the seeds of the Indian butter tree, Bassia Latifolia Roxb., have long been 
utilised for the destruction of earth worms on lawns and golf courses, but little is known 
of the poisonous constituent itself. 

Moore, Sowton, Baker-Young, and Webster (Biochem. ]., 1910, 5, 94) showed that the 
meal contained 2% of a bitter glucoside, mowrin, with a digitalis-like action on the heart 
of the frog; this was readily hydrolysed to an aglucone, mowric acid, which was, however, 
amorphous and could not have been a pure sapogenin, judged from its high oxygen content. 
Spiegel (Ber. deut. pharm. Ges., 1918, 28, 100) extracted 10% of glucoside from the meal of 
B. Latifolia and obtained two aglucones, crystalline mowragenic acid, C,,H5,0,, and amor- 
phous mowrageninic acid, C,,H,,0;; he suggested that the previous authors were dealing 
with the meal of B. Latifolia, which is the tree commonly grown in Central India, and not 
B. Longifolia L. as stated in their paper. 

As supplies of raw material are abundant, it seemed of interest to reinvestigate the 
mowrah sapogenins, the properties of which suggested that they might be related to 
the acids of the triterpene series. We have used commercial mowrah meal, also seeds of 
B. Latifolia from the Central Provinces, and those of B. Butyracea L., the last kindly 
obtained for us by Dr. N. L. Bor of the Forest Research Institute, Dehra Dun, from the 
Lohaghat Range, East Almora Division, U.P. In all cases extraction of the fat-free meal 
with alcohol and precipitation with ether gave the crude saponin in about 20% yield. 
The material obtained from commercial mowrah meal was dark and intractable, but from 
B. Butyracea seeds we obtained up to 27% of a colourless crystalline product which was 
no longer deliquescent like the cruder preparations (contrast Moore eé¢ al., loc. cit.). The 
composition of it corresponds roughly to (C,H,O),. The saponin is extremely readily 
hydrolysed by mineral acids, the solution setting to a jelly, as already observed by pre- 
vious investigators, but it is possible under certain conditions to obtain a product isolable 
by filtration, and if this is washed free from water-soluble impurities and dried, it can be 
purified without much difficulty. For the preparation of the sapogenin it is not necessary 
to isolate the saponin and a water extract of the meal can be used. The pure sapogenin 
is very sparingly soluble and crystalline, with the high m. p. of 316°, and is clearly 
different from the products described by previous workers in this field; the name dassic 
acid is suggested for it. 

The same sapogenin has also been obtained, although in somewhat poorer yield, from 
the press-cake of the shea nut, Bassia (Butyrospermum) Parkit Ktschk., from W. Africa. 
This finding shows that bassic acid must be widely distributed in the seeds of Bassia spp. 
and related plants; it has an additional interest, because the shea nut has already been 
shown to contain the triterpene alcohol basseol (Heilbron, Moffet, and Spring, J., 1934, 
1583) as well as lupeol and a-amyrin. 

Bassic acid crystallised from ethyl acetate has the formula C,)H,,0,,H,O, and from 
methyl alcohol a product containing a molecule of the latter solvent is obtained; a similar 
alcoholate is formed with butyl alcohol, but an anhydrous preparation has been obtained 
by prolonged drying of a sample crystallised from dioxan. The acid is monobasic on 
titration and gives a crystalline methyl ester, C,;,H,,0;. The melting points of the acid 
and its ester and their optical rotations are remarkably close to the constants found by 
van der Haar (Rec. Trav. chim., 1929, 48, 1155, 1166) for a sapogenin isolated from both 
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Achras Sapota L. and Mimusops Elengi L.; his compound, however, is described as being 
anhydrous after crystallisation from alcohol. It is hoped to institute a comparison of 
this sapogenin with bassic acid. 

The dehydrogenation of bassic acid with selenium has only been carried out on a 
small scale, but the results show that it behaves like a typical triterpene; the principal 
product isolated was sapotalene (1 : 2: 7-trimethylnaphthalene), accompanied by 2: 7- 
dimethylnaphthalene and a small amount of 1 : 8-dimethylpicene.* The phenolic fraction 
was obtained in such small amount that it could not be completely purified, but there is 
little doubt that it consisted of hydroxyagathalene (6-hydroxy-1 : 2 : 5-trimethylnaphthal- 
ene). The isolation of 1 : 8-dimethylpicene (II) shows that bassic acid has the same carbon 
skeleton (I) as other typical sapogenins, such as hederagenin. The production of hydroxy- 
agathalene (III), if confirmed, would prove that one hydroxyl group of bassic acid occupies 
the characteristic position on C, as in other triterpenes. 


ong, (YS 
\ V4 \ 
c|pFL 
Vy, \ A 
= 7 Q) \ : 
K Ply aa 


The further elucidation of the structure of bassic acid has proved extremely difficult, 
because only a very few of its derivatives can be obtained crystalline; we have so far been 
unable to obtain a satisfactory benzoate, acetate or tribromoacetate and the nature of the 
oxygen atoms can only be inferred from determinations of active hydrogen (Zerevitinov). 
These suggest that all three oxygen atoms are contained in hydroxyl groups and this is 
supported by the preparation of a triacetyl ester, which has been obtained crystalline by 
sublimation in a high vacuum, although it could not be made to crystallise from any of 
the solvents tried. 

A further inference is possible from the preparation of a crystalline acetonyl derivative 
from the methyl ester, similar to that prepared from hederagenin methyl ester by Jacobs 
(J. Biol. Chem., 1925, 68, 631). This is the most characteristic derivative so far obtained 
from bassic acid; its composition has been checked by numerous analyses and it has 
been shown to retain one active hydrogen atom. The two hydroxyl groups involved 
in its formation must be in the 1 : 3-position to each other, like those of hederagenin. 
Moreover, it can be shown that one of these is a primary one, because the ester undergoes 
oxidation by means of copper bronze in exactly the same manner as hederagenin methyl 
ester (Tsuda and Kitagawa, Ber., 1938, 71, 1604); one atom of carbon is eliminated as 
formaldehyde and the product is a neutral diketone, C,y9H,,O,, isolated in the form of its 
2 : 4-dinitrophenylhydrazone. This decomposition is formulated as follows: 


CH,°OH, Me H,/Me 
A —_ + CH,O + H, 
\ AWN 


Bassic acid is unsaturated to tetranitromethane. The formula Cs,H,,O,; has two 
hydrogen atoms less than the number required for a pentacyclic trihydroxy-acid with one 
double bond and the acid differs from the majority of triterpene acids in having two 
double bonds. One of these is comparatively reactive and bassic ester is hydrogenated to 
dihydrobassic ester; the acid is only hydrogenated with some difficulty to an amorphous 
dihydro-acid. The ester readily forms a somewhat unstable dibromide. All these com- 
pounds are still unsaturated to tetranitromethane, showing the presence of an additional 


* We are particularly indebted to Prof. L. Ruzicka for comparing our specimen with his synthetic 
1 ; 8-dimethylpicene and establishing their identity. 
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double bond which is inert, like that encountered in other sapogenins. This inert double 
bond occupies a By- or y8-position with respect to the carboxyl group, because both bassic 
acid and dihydrobassic acid are readily lactonised when treated with hydrogen bromide 
in acetic acid; the lactones formed are, unfortunately, amorphous. A crystalline bromo- 
lactone is, however, formed when bassic acid is treated with bromine in acetic acid. 
The absorption spectrum of bassic ester shows no absorption bands attributable to 
conjugated double bonds and it follows also that the double bonds are not in the af- 
position with respect to the carboxyl. It can be assumed that the inert double bond 
occupies a position similar to that in hederagenin; the carboxyl group must occupy a 
ke “protected ’’ position, because the ester is hydrolysed with 
CH,OH, , difficulty. The triterpene skeleton first put forward by R. D. 
OH , Haworth (Ann. Reports, 1937, 327 et seq.) being adopted, the 
yR structure of bassic acid can be represented by (IV). The thick 
| R lines represent possible positions for the active double bond, 
yy, and another hydroxyl, presumably a secondary one, remains 
(IV.) to be accommodated. The number of possibilities is limited 
saa by the fact that the dinitrophenylhydrazone mentioned on 
Gronitions for COAL) ‘<p, 1125 evidently contains the group :C-C:N-NHR, because its 
ii absorption spectrum shows maxima at 3900 and 2600 a. with 
an inflection at 2930 a. (loge 4-42, 4-17, and 3-99 respectively). The carbonyl group 
which has reacted with dinitrophenylhydrazine must therefore be part of a conjugated 
system formed either by another carbonyl group on the adjoining carbon atom or by a 
doubly bound carbon atom. The further discussion of this point is reserved until fresh 
experimental material becomes available. 


EXPERIMENTAL. 


Extraction of the Saponin.—(i) From B. Butyracea. The seed kernels (75% by weight of 
the seeds) were minced, and the meal (156 g.) extracted (Soxhlet) with light petroleum (pb. p. 
40—60°) for 12 hours, 90 g. of solid, pale yellow fat being thus removed. The fat-free meal 
(66 g.) was then extracted for 36 hours with absolute (or, better, 95%) alcohol. The colourless 
extract was poured into ether (3 vols.) and the crude saponin (18 g. or 27% of the fat-free 
meal) filtered off and dried over phosphoric oxide in a vacuum. The saponin could be re- 
crystallised by dissolving it in the minimum amount of hot alcohol and adding ether (3 vols.) ; 
it separated in feathery needles, m. p. °235—-240° (decomp.) (Found: C, 55-8; H, 94%). 
When pure, the saponin was not deliquescent. It had no reducing properties; an alcoholic 
solution formed a precipitate with cholesterol, but the precipitation was far from complete. 

On a large scale the fat-free meal was extracted by boiling three times with 95% alcohol, 
which was then poured into ether (3 vols.). The crude saponin was filtered off, washed twice 
with ether without being allowed to dry on the filter, and immediately hydrolysed to the 
sapogenin. 

(ii) From B. Latifolia. The seeds of B. Latifolia, obtained by Messrs. A. Boake Roberts 
and Co. of Stratford from different localities in the Central Provinces of India, gave in addition 
to 47% of fat a somewhat lower yield of saponin (17% calc. on the fat-free meal) and this was 
always coloured. A similar material was also obtained from commercial mowrah meal. A 
quantity of crude saponin was prepared for us by Messrs. A. Boake Roberts by extraction of 
the meal with water and evaporation. 

(ii) From the shea nut, B. Parkii. The dark brown, coarsely ground press-cake from the 
extraction of shea nut fat, obtained from the British Extracting Co., Wilmington, Hull, was 
extracted with petroleum to remove some 2% of residual fat and yielded 15% of dark brown 
saponin containing some crystals. 

Bassic Acid.—The saponin from B. Butyracea (1700 g.) was dissolved in 10 1. of 5% hydro- 
chloric acid, and the solution boiled for 6 hours. The sapogenin, which at first separated in a 
jelly-like form, became granular and could be filtered off; it was purified by two or more 
extractions with hot water to remove sugars, etc., and dried in a vacuum desiccator. The crude 
sapogenin was then extracted with pure dry ethyl acetate for 3 days in a modified Soxhlet 
apparatus in which the solvent percolated continuously through the material to be extracted 
and did not accumulate. The light brown solid obtained by removal of the solvent could be 
decolourised by boiling a methyl-alcoholic solution with norit and crystallised from the con- 
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centrated solution (alternatively, the extraction with ethyl acetate can be repeated). The 
yield of pure sapogenin was 19 g. 

The same method was used for the preparation of the sapogenin from B. Latifolia seeds and 
from commercial mowrah meal, but the material was more difficult to purify and required 
repeated extractions with hot water. The sapogenin can also be prepared direct from the 
meal, without isolation of the saponin; the fat-free meal is extracted with hot water, 
hydrochloric acid added to give a 5% solution, and the solution boiled. The yield is not as good 
as when the saponin is isolated. 

The sapogenin from B. Parkii was obtained as a gum after this treatment, although a little 
crystalline material separated from the ethyl acetate solution after the bulk of the gum had 
been filtered off. A pure crystallisable solid was, however, obtained by extracting the gum 
with 10% potassium hydroxide solution, which left some material undissolved, and reprecipita- 
tion with mineral acid; the precipitated solid was recrystallised from methyl alcohol (norit). 

The sapogenins from all these sources proved to be identical : 


From B. Butyracea. From B. Latifolia. From B. Parkii. 
316° 316° 308—309° 
+ 82-4° (c = 1-86 in + 82-4° (c = 1-42 in + 82-9° (c = 1-90 in 
pyridine) pyridine) pyridine) 
210—212° 211—212° 
+ 64-0° (c = 2-01 in + 63-0° (c = 2-21 in + 63-6° (c = 1-60 in 
chloroform) chloroform) chloroform) 


Bassic acid crystallised from ethyl acetate retains a molecule of water of crystallisation 
(Found: C, 71-2, 71-7; H, 9-6, 9-4. C,,H,,0;,H,O requires C, 71-4; H, 96%) and this is 
supported by the results of titration in alcoholic solution (Found: M, 501-3, 503-0, 504-0, 
503-9, 506-4. Calc., 504-7). After crystallisation from methyl alcohol the acid retains a 
molecule of the solvent even after drying for 2 hours at 110°/2 mm. (Found for a specimen 
from B. Latifolia : C, 72-2, 72-2, 72-3, 72-1; H, 9-4, 9-5, 9-3, 9-3; for a specimen from B. Parkii : 
C, 72-7; H, 9-5. C39H,,O;,CH,O requires C, 71-8; H, 9-7%). If n-butyl alcohol is used for 
the purification of the sapogenin after preliminary treatment with ethyl acetate, a similar 
alcoholate, m. p. 319°, is obtained (Found: C, 73-0, 72-9; H, 9-7, 9-7. Cy9H,,O;,CgH 1,0 
requires C, 72-8; H, 100%). The slightly high values for carbon are no doubt due to some 
loss of solvent on drying. A solvent-free specimen of the acid was obtained by crystallising 
the acid, purified by ethyl acetate, from dioxan—petroleum. After drying for 3 hours at 
110°/0-0004 mm.., it still retained some solvent (Found : C, 72-8; H, 9-5%), but after 25 hours’ 
drying it was solvent-free (Found: C, 73-8; H, 9-5. C39H,,O, requires C, 74:1; H, 9-5%); at 
the same time the m. p. fell from 316—317° to 303°. 

Methyl Ester.—This is best prepared with the aid of diazomethane (75% yield); a 50% yield 
of a less pure ester can be obtained with methyl sulphate and alkali. The ester prepared by 
heating the tetramethylammonium salt of the acid (Prelog and Piantanida, Z. physiol. Chem., 
1936, 240, 36) did not crystallise, but could be converted into the crystalline acetonyl derivative 
(see below) identical with that prepared in the usual way. The ester crystallised from dilute 
alcohol separated as a hydrate (?), m. p. 183—184°, but from acetone or benzene—petroleum 
fine prisms, m. p. 212°, were obtained (Found : C, 74-3, 74-4; H, 9-8, 9-7; for a specimen from 
B. Parkii: C, 74:1; H, 9-4. C3,H,,0, requires C, 74-4; H, 97%). The purity of the ester 
was checked by chromatographing a benzene solution of it and dividing it into a number of 
fractions; apart from a minute amount of gummy impurity adsorbed at the top of the column, 
all the fractions gave an ester with the same m. p. 

Titration with permonophthalic acid indicated 1-07 and 1-09 double bonds, cholesterol 
being used as a standard of comparison. The ester was unchanged after boiling for 3 hours with 
an excess of 5% methyl-alcoholic potassium hydroxide; about 60% hydrolysis occurred after 
boiling for 24 hours with 4n-ethyl-alcoholic potassium hydroxide. 

Dibromobassic Estery.—0-5 G. of the methyl ester in 50 c.c. of chloroform was treated with 
10 c.c. of 35% bromine in chloroform. The solution rapidly deposited the dibromide (0-26 
g.), which was very sparingly soluble in chloroform and was purified by washing with this 
solvent; it formed small needles, m. p. 133—135°. The crude compound was analysed after 
drying in a vacuum at room temperature (Found: C, 56-0; H, 7-6. C,,H,,0,Br, requires 
C 56-4; H, 7-3%); it decomposed on recrystallisation. 

Methyl Dihydrobassate.—The methyl ester (0-48 g.) in 25 c.c. of acetic acid was shaken with 
0-6 g. of Adams’s catalyst in hydrogen for 14 hours. After removal of the catalyst and addition 
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of water the ester was filtered off and crystallised successively from alcohol, acetone, and 
benzene—petroleum; it formed stout, transparent prisms, m. p. 172—173°, not depressed by 
admixture of methyl bassate, and gave a yellow colour with tetranitromethane in chloroform 
solution (Found: C, 74:3; H, 10-0. C;,H,,O, requires C, 74-1; H, 10-0%). 

Dihydrobassic Acid.—The acid was hydrogenated in the same way as the ester; after pre- 
cipitation with water an amorphous solid was obtained, which has not yet yielded a crystalline 
product. 

Acetonyl Derivative of the Methyl Ester.—The ester (0-5 g.) was dissolved in the minimum 
amount of dry acetone and treated with 3 drops of concentrated hydrochloric acid. Prisms of 
the new compound soon began to separate and were collected after several hours; m. p. 205° 
(Found: C, 75-4, 75-5, 75-2, 75-4; H, 9-5, 9-8, 9-6, 9-8; for a specimen from B. Parkii: C, 
75:3; H, 9-4. C,,H,;,0, requires C, 75-5; H, 9-7%). Several crystallisations from acetone 
sufficed to reconvert the compound into the methyl ester (Found: C, 74-2, 74-1; H, 9-3, 9-4. 
Calc.: C, 74:4; H, 9-7%). 

Triacetylbassic Acid.—3 G. of bassic acid were boiled for an hour with 30 c.c. of acetic an- 
hydride, the excess of reagent destroyed by means of methyl alcohol, and the mixture poured 
into water with rapid stirring. The white precipitate obtained could not be crystallised from 
any of the solvents tried; it was partly purified by solution in alcohol and reprecipitation 
with water. Evaporation of a methyl-alcoholic solution at room temperature in a vacuum gave 
a yellow powder of crystalline appearance, m. p. 117°; for analysis, this crude material was 
dried over silica gel in a vacuum desiccator (Found: C, 67-9, 67-6; H, 8-4, 8-4; CH,°CO, 
23-0. (C3,.H,;,O,,H,O requires C, 68-3; H, 8-9; CH,°CO, 20-4%). The methyl ester was 
prepared with the aid of diazomethane and proved too soluble in all the usual solvents to be 
recrystallised; it was twice sublimed at 150°/0-01 mm., and formed a crystalline solid, m. p. 
95—96° (Found: C, 70-9, 71-1; H, 8-9, 8-9. C,,H,;,0, requires C, 70-9; H, 8-7%). On 
alkaline hydrolysis it yielded methyl bassate in a pure condition. 

A cetyl-lactone.—A solution of 5 g. of bassic acid in 50 c.c. of acetic acid was kept cooled in 
ice and saturated with dry hydrogen chloride. The solution was then boiled under reflux 
for 6 hours, cooled, resaturated with hydrogen chloride, again boiled, and finally poured into 
water. The precipitate was dissolved in chloroform-ether, and the solution washed with 20% 
alkali, which removed a good deal of triacetylacid. The neutral product, isolated in poor yield, 
formed a yellow powder which could not be purified. A better yield of equally intractable 
material was obtained when zinc chloride was added to the reaction mixture and a similar 
product resulted on carrying out the reaction without heating. 

Bromo-lactone.—A solution of 1 g. of bassic acid and 4 g. of sodium acetate in 90 c.c. of acetic 
acid and 10 c.c. of water was treated dropwise with 30 c.c. of 3% bromine in acetic acid. After 
2 hours the solution was poured into water containing a little sodium hyposulphite. The 
crystalline precipitate was washed with 10% potassium carbonate solution, then water, and 
recrystallised three times from dilute acetic acid, forming small needles, m. p. 220° (Found: 
C, 63-7; H, 8-4. C,,H,,O;Br requires C, 63-7; H, 8-0%). 

Oxidation of the Methyl Ester.—3-7 G. of the methyl ester were ground with 7-4 g. of fat- 
free copper bronze and heated in a mixed nitrate bath at 285° for # hour; the issuing gases were 
passed through a solution of dimethyldihydroresorcinol and produced a flocculent precipitate 
due to formaldehyde. The reaction product was distilled at 140—165°/0-0008 mm., forming 
a brown glassy solid. This was dissolved in benzene, percolated through a column of activated 
alumina (20 g.), and recovered by evaporation. The solid was dissolved in 80 c.c. of alcohol and 
8 c.c. of acetic acid and boiled for an hour with 1-1 g. of Girard’s reagent ‘“‘T”’, the cooled 
solution poured into 150 c.c. of ice-water containing 6 g. of sodium hydroxide, and the solution 
diluted to 450 c.c. and extracted three times with ether. The aqueous layer was treated with 
dilute sulphuric acid until the concentration of acid was 0-75n, kept for an hour, and re-ex- 
tracted with ether; 0-5 g. of a yellow gum was recovered after removal of the solvent. This was 
boiled in alcoholic solution with 0-8 g. of 2 : 4-dinitrophenylhydrazine, dissolved in hydrochloric 
acid, for ? hour, and the solid collected when cold. It was purified by solution in benzene— 
petroleum (b. p. 60—80°) (1: 4) and percolation through a 35-g. column of activated alumina. 
The 2 : 4-dinitrophenylhydrazone was strongly adsorbed and formed a distinct band apart from 
a small band at the top of the column which contained tarry material. It was recovered by 
elution with hot alcohol and further purified from this solvent, separating as an apparently 
amorphous, brick-red solid, m. p. 184° with previous softening (Found: C, 66-9; H, 7-6; 
N, 9-2. Cy,H,,O,N, requires C, 66-9; H, 7-2; N, 88%). 

Dehydrogenation of Bassic Acid.—35 G. of bassic acid and 70 g. of selenium were heated for 
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24 hours at 290—300° and for a further 48 hours at 320—330° (temperature of mixed nitrate 
bath). The products were then exhaustively extracted (Soxhlet) with ether (extract A) and with 
benzene (extract B). 

Extract A was filtered and shaken with 10% alkali solution in an atmosphere of nitrogen, 
the alkaline extract being at once poured into dilute acid (fraction C). The ethereal solution 
was distilled (long column), leaving 10 g. of residue, which was extracted in portions with 
300 c.c. of petroleum (b. p. 60—80°), leaving a solid D; a little more solid, E, was deposited 
from the petroleum solution on cooling. The clear solution was then run through a small 
column of activated alumina and evaporated, yielding a golden oil, which was distilled. The 
following fractions were collected: (i) up to 134°/9 mm., 0-6 g. of pale yellow oil depositing 
solid 2: 7-dimethylnaphthalene; (ii) 134—144°/9 mm., 0-45 of pale yellow oil; (iii) 150— 
170°/9 mm., 0-45 g. of yellow oil; (iv) at 2 mm. with free flame, 0-6 g. of deep yellow oil; (v) 
at 2 mm. with free flame, 0-5 g. of red oil; leaving (vi) 0-6 g. of a tarry mass. 

Fraction (i) was treated with s-trinitrobenzene, and the product fractionally crystallised 
from alcohol; the least soluble fraction (ia) melted at 138° and was added to the corresponding 
fraction from (ii). The more soluble fraction could not be satisfactorily resolved into its com- 
ponents and was therefore reconverted into the hydrocarbons, and these treated with picric 
acid. The less soluble portion of the picrates was repeatedly crystallised from alcoholic picric 
acid and gave needles, m. p. 142°, which were identified as 2 : 7-dimethylnaphthalene picrate 
by direct comparison (mixed m. p.) with a synthetic specimen; unfortunately, the specimen de- 
composed before it could be analysed, but a small amount of hydrocarbon, m. p. and mixed 
m. p. 96°, was obtained from it. 

From the mother-liquors of 2: 7-dimethylnaphthalene picrate a minute amount of a red 
picrate, m. p. 96°, was isolated, presumably the picrate of 1: 2:3: 4-tetramethylbenzene. 

Fraction (ii) gave a pale orange s-trinitrobenzene derivative, m. p. 137°, which was com- 
bined with (ia) and repeatedly crystallised from alcohol until the constant m. p. 147° was reached, 
not depressed by admixture with the corresponding derivative of sapotalene (Found: C, 
59-9; H, 4-4. Calc.: C, 59-6; H, 45%). The liquid hydrocarbon was regenerated from 
this and converted into the picrate and the styphnate, which were found to be identical with 
the appropriate derivatives of sapotalene. 

The remaining fractions gave deep red trinitrobenzene derivatives, but these could not be 
satisfactorily separated into their constituents. 

The buff solid D (0-84 g.) could not be recrystallised and did not form a crystalline com- 
pound with 2: 7-dinitroanthraquinone. It was therefore sublimed at 210°/0-01 mm., a yellow 
powder being obtained in poor yield. This was crystallised from xylene, then from isobutyl 
acetate (norit); after two more crystallisations from the latter solvent it formed colourless plates 
which looked grey in reflected light, m. p. 298°. Prof. L. Ruzicka found the m. p. to be 307— 
308° (corr., in sealed capillary), not depressed by admixture with synthetic 1 : 8-dimethyl- 
picene (Found: C, 93-7; H, 6-3. Calc. for C,,H: C, 93-7; H, 63%. Calc. for C,,H,,: 
C, 94:1; H, 59%). The analytical figures are in better agreement with those required for 
a trimethyl- rather than a dimethyl-picene. A further small amount of the same hydrocarbon 
was isolated from the solid E and the benzene extract B. 

The phenolic fraction C was only obtained in very small amount and was converted into 
the methyl ether, which formed a grey solid. It was converted into the s-trinitrobenzene com- 
plex, the m. p. of which reached 138° when further crystallisation became impossible; the 
methoxy-compound regenerated from it by passing a benzene solution through a column of 
activated alumina had m. p. 86—87°. These properties suggest that the substance was almost 
certainly slightly impure methoxyagathalene (6-methoxy-1: 2: 5-trimethylnaphthalene), 
which melts at 89—90°, and its s-trinitrobenzene compound at 146—147° (Ruzicka, Hofmann, 
and Schellenberg, Helv. Chim. Acta, 1936, 19, 1391). 
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By Donatp F. ELtiott and GreorceE A. R. Kon. 


The sapogenin of quillaia bark is shown to have the formula C,,H,,0;, not 
C,,H,,0O, as previously supposed, and to be unsaturated. The acid is converted into 
a diacetyl-lactone, showing that the double bond occupies a Sy- or y8-position with 
respect to the carboxyl group. Degradation experiments show that quillaic acid is an 
aldehyde and contains the group CH(OH)-C-CHO, doubtless situated in ring A. The 
position of the second hydroxyl group has not yet been determined, but it is shown 
that it cannot be inrings AorC. Quillaic acid is probably a hydroxygypsogenin. 


QuILtaic acid is one of the most readily accessible triterpenes because quillaia saponin 
is largely used in commerce. The only definite data regarding its chemistry are due to 
Windaus, Hampe, and Rabe (Z. physiol. Chem., 1926, 160, 301), who described it as a 
saturated dihydroxyketo-acid, C,.H,,0,, and prepared an ester, an oxime, and a diacetyl 
derivative. Ruzicka and van Veen (ibid., 1928, 184, 69) dehydrogenated quillaic acid on 
a small scale and obtained sapotalene (1 : 2 : 7-trimethylnaphthalene). 

The principal difficulty encountered at the outset of our investigation was in the prepar- 
ation of the pure sapogenin. The autoclave method of hydrolysis recommended by 
Windaus, Hampe, and Rabe (loc. cit.) is difficult to carry out and we have found that 
equally good results can be achieved by somewhat prolonged hydrolysis of the saponin with 
dilute acid. It is essential to free the crude sapogenin from sugars and humic substances, 
as in the analogous preparation of bassic acid (this vol., p. 1126). The yield of pure sapogenin 
is very poor, but a good deal of usable material can be recovered from the mother-liquors 
in the form of the diacetyl-lactone (see below). 

The properties of the pure sapogenin correspond with those recorded by Windaus, 
Hampe, and Rabe (loc. cit.), but the pure preparation crystallised from ethyl acetate gives 
analysis figures in perfect agreement with the formula C,,H,,0, and this is confirmed by 
titrations of the acid and the analysis of numerous derivatives; specimens of the acid 
crystallised from other solvents are, however, apt to give low values on combustion compar- 
able with those recorded by Windaus, Hampe, and Rabe (loc. cit.). 

Contrary to earlier findings quillaic acid is unsaturated and gives a distinct colour with 
tetranitromethane. The acid is hydrogenated in presence of Adams’s catalyst to dihydro- 
quillaic acid (methyl ester, m. p. 269—270°), but this is formed by the reduction of the 
carbonyl group and the methyl ester accordingly has three active hydrogen atoms. The 
newly formed hydroxyl group occupies a position 1 : 3 with respect to another hydroxyl, 
because the methy] ester forms an acetonyl derivative, although slowly and in poor yield. 

Dihydroquillaic acid is still unsaturated to tetranitromethane and the presence of a 
double bond situated in the By- or y8-position with respect to the carboxyl group is shown 
by the formation of a saturated iriacetyl-lactone with hydrogen bromide in acetic acid. 
The double bond is evidently an inert one, as in other sapogenins. 

Like its dihydro-derivative, quillaic acid is readily lactonised to the diacetyl-lactone ; 
from the very easy deacetylation of this to qguillaic lactone it can be inferred that both 
hydroxyl groups of quillaic acid are primary or secondary. 

The carboxyl group occupies a ‘‘ protected ’’ position, as in other sapogenins, although 
quillaic ester is hydrolysed rather more easily than the esters of other sapogenins. 

The carbonyl group of quillaic acid offers the next point of attack. To avoid complic- 
ations due to the double bond, the oxidation of the saturated diacetyl-lactone was first 
examined. The action of chromic acid leads to an acid with the same number of carbon 
atoms, C3,H,9O., readily deacetylated to the parent acid, C39H,,0,4, which was characterised 
by its crystalline methyl ester. The formation of these products shows that quillaic acid 
is an aldehyde, and is exactly analogous to the oxidation of the bromo-lactone of acetyl- 
gypsogenin (Ruzicka, Giacomello, and Grob, Helv. Chim. Acta, 1938, 21, 83). The Cg. acid 
was further oxidised by chromic acid to a neutral compound, C,gH,,0,; several acids were 
also produced which are still under investigation. The neutral compound forms a mono- 
semicarbazone and a mono-2 : 4-dinitrophenylhydrazone, but it is a diketone and no longer 
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has an active hydrogen atom (Zerevitinov). The formation of this diketone is entirely 
analogous to the production of nor-6-boswellenone on oxidation of boswellic acid (Simpson 
and Williams, J., 1938, 686) and also of hedragone from gypsogenin (Ruzicka and 
Giacomello, Helv. Chim. Acta, 1937, 20, 299) and involves the oxidation of a 8-hydroxy- 
acid to the corresponding ketonic acid, which then loses carbon dioxide. Since quillaic 
acid is dehydrogenated to sapotalene, it may be assumed that it has the usual triterpene 
skeleton and the oxidation process may be formulated as follows : 


CHO, Me CO,H. Me CO,H, Me Me 


Ot Cr OAc hydro 0: c se 
\ and oxidation \ * 


The production of a diketone shows that both hydroxyl groups of quillaic acid must be 
secondary, since a primary hydroxyl group would undoubtedly have suffered oxidation 
beyond the aldehyde stage and given rise to an acid CygH,,O;. 

The diketone does not react with o-phenylenediamine or give a colour with ferric 
chloride; the absorption spectrum of the dinitrophenylhydrazone shows no bands attribut- 
able to conjugation (maximum at 3670 A., log « = 4:39). It follows that the second 
carbonyl group cannot occupy an «- or 8-position with respect to the first one and therefore 
cannot bein ring A. At the same time the spectrum of the diketone is not that of a simple 
ketone (maximum at 2450 a. in chloroform-alcohol and another at 3240 a. in chloroform, 
with an inflection at 2560 a.; log « = 2-89, 2-91, and 2-98 respectively) and it would appear 
that the second carbonyl group is in some way associated with the lactone group; there 
is at present no chemical evidence of such an arrangement of groups except perhaps the 
comparatively ready hydrolysis of quillaic ester: 

Quillaic acid itself is oxidised by chromic acid to a neutral compound, CygH,,O; : both 
hydroxyl groups are again oxidised to carbonyl groups and ring A undergoes degradation 
as before, but the inert double bond also is hydroxylated. This is followed by lactone 
formation and finally oxidation of the remaining hydroxy] group to a carbonyl, which thus 
occupies a position in ring C : 


147 17 “a “a 
\e) p |,CO,H —> ie CO,H —> Yoon ~~ C 9-09) 
VN <A 
: off H i 


The formation of this ériketo-lactone is exactly analogous to that of the keto-lactone 

C39H,,O, from oleanolic acid (Prelog, Coll. Czech. Chem. Comm., 1930, 2,414; 1933, 5, 165; 

Kitasato and Sone, Acta Phytochim., 1932, 6, 179; Ruzicka, 

HG6sli, and Hofmann, Helv. Chim. Acta, 1936, 19, 109).. The 

absorption spectrum of the triketo-lactone is that of a simple 

ketone (maximum at 3020 4., log « = 2-67 + 8%) and it 

follows that there can be only one carbonyl group in ring C. 

From the close similarity in the reactions of quillaic acid 

and gypsogenin (I) * it appears probable that quillaic acid is a 

hydroxygypsogenin. Experiments are now in progress with 

the object of confirming the identity of the carbon skeleton 

of these two sapogenins; the position of one hydroxyl group is left open for the present, 
but two possible positions are indicated by asterisks. 


EXPERIMENTAL. 
(All specimens for analysis were dried for 2 hours at 110°/1—2 mm. unless otherwise stated ; 
m. p.’s are uncorrected.) 
Preparation of Quillaic Acid.—Of the numerous experiments performed with a view to 


* The carbon skeleton is that originally proposed by Haworth (Ann. Reports, 1937, 327 et seq.) and 
lately adopted by Ruzicka and his collaborators. 
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improving the preparation of quillaic acid, the following proved the most successful: 50 g. of 
saponin (manufactured by Messrs, A. Boake Roberts and Co. of Stratford) in 234 c.c. of water 
were heated and stirred, and 167 c.c. of hydrochloric acid added; the solution was boiled for 7 
hours. After the first hour a slimy brick-red precipitate separated, probably the prosapogenin, 
and this gradually became darker and more granular and finally almost black; it was filtered 
off and repeatedly boiled with 200 c.c. portions of water until coloured impurities were no 
longer extracted, then dried at 100° and finally in a vacuum (solid A). This solid was extracted 
with ether (Soxhlet) and the gelatinous solid obtained on evaporation was collected and 
washed with a little ether (solid B). It was a sandy powder, m. p. 275°, and therefore did not 
contain much prosapogenin (m. p. 220°). Four crystallisations from pure ethyl acetate 
(prepared by Wade’s method, J., 1905, 87, 1656; 1912, 101, 2429) gave quillaic acid of 
m. p. 290°. 

On a large scale 6 kg. of saponin gave 900 g. of solid A, from which 397 g. of solid B were 
obtained. A quantity of solid A was also prepared for us by Messrs. A. Boake Roberts and Co. 

Numerous methods for the purification of solid B were investigated. The barium salt 
method successfully used for boswellic acid (Winterstein and Stein, Z. physiol. Chem., 1932, 
208, 9) was unsuccessful because the impurities, evidently acidic, were carried down in the 
precipitation of the salt; for the same reason reprecipitation from an alkaline solution and 
Windaus, Hampe, and Rabe’s potassium salt method (loc. cit.) were ineffective. A better result 
was achieved by dissolving 10% of solid B in hot alcohol and slowly adding water to the 
mechanically-stirred solution until separation of solid set in. The first crop was resinous, but 
presently granular quillaic acid began to appear. The solution was filtered hot at this point 
and more water was added to the filtrate, precipitating the sapogenin. This method was only 
used for the purification of very crude sapogenin and did not remove all the colour. The main 
bulk of the crude material was boiled for about 1 hour in 100 g. portions with 500 c.c. of pure 
ethyl acetate in a flask fitted with a stirrer and condenser. Only a part of the solid dissolved, 
but most of the coloured impurities passed into solution; the solid was filtered off and pressed. 
It was then again recrystallised from ethyl acetate, but to avoid the separation in a gelatinous 
form, which generally occurred on slow cooling, 50 g. of the material were extracted overnight 
with 500 c.c. of the solvent in a modified Soxhlet apparatus (compare this vol., p. 1126); the 
solvent was kept boiling by means of an oil-bath, the level of the oil being about 1 cm. below 
the level of the solvent to prevent the resinification of the solid which separated in the course of 
the extraction. The warm extract was rapidly filtered through a sintered glass funnel with 
large pores, and the solid well pressed and washed with cold ethyl acetate, then with petroleum 
(yield 150 g., m, p. 287—290°). The mother-liquors gave on evaporation 230 g. of solid 
contaminated with gummy impurities, which was purified by the partial precipitation method 
described above. It proved to be mainly prosapogenin (m. p. 210—215°) and was rehydrolysed 
as described above. The crude sapogenin obtained from it after ether extraction (105 g.) had 
m. p. 255° and proved difficult to crystallise, but gave a good yield of diacetyl-lactone (40 g.) 
see below). 
The Se ithial specimen of quillaic acid was prepared by repeated crystallisation from ethyl 
acetate and had m. p. 292—293° and [a], +56-1° (c = 2-888 in pyridine) (Found: C, 73-9, 
74-1, 74-0, 74:1; H, 9-6, 9-4, 9-6, 9-7. C,,H,,O, requires C, 74-1; H, 9-5%); a crystalline 
specimen was also prepared by hydrolysis of diacetylquillaic acid with cold aqueous-alcoholic 
potassium carbonate, followed by crystallisation from ethyl acetate. Microtitrations of quillaic 
acid were carried out by the procedure of Ruzicka (Helv. Chim. Acta, 1932, 15, 472), oleanolic 
acid being used as a standard of comparison; difficulty was experienced because the acid is very 
weak and the degree of hydrolysis of the sodium salt is considerably affected by the amount of 
alcohol present (Found: M, 481-8, 485-6, 484-8. Calc., 486-7). 

Methyl Estey—This was prepared in 80% yield by treating a suspension of the acid in 
“ AnalaR”’ acetone with ethereal diazomethane and recrystallised from methyl alcohol; m. p. 
222—223° (Windaus et al., loc. cit., give m. p. 225°), [a]p + 40-5 (¢ = 4-048 in pyridine); a speci- 
men prepared in ethereal solution did not crystallise (Found: C, 74-2, 74-2; H, 9-9, 9-5. 
Cy,H,,O; requires C, 74-4; H, 9-7%). 250 Mg. of the ester were boiled for 5 hours with 10 c.c. 
of 10% ethyl-alcoholic potassium hydroxide, and the dark yellow solution poured into water 
and extracted with ether, 80 mg. of ester being recovered; the aqueous layer yielded 150 mg. 
of an amorphous acid, m. p. 287—290°, on acidification. An attempt to reduce the ester with 
aluminium isopropoxide led to an uncrystallisable gum. 

Diacetyl-lactone.—An ice-cold solution of 1 g. of quillaic acid in 10 c.c. of acetic acid was 
saturated with dry hydrogen bromide, a few drops of acetic anhydride added, and the deep 
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red solution poured into water after 3 days. The solid was dissolved in ether—chloroform, and 
the solution shaken with 10% aqueous sodium hydroxide (this is only necessary when crude 
quillaic acid is employed and generally leads to some loss owing to the ready deacetylation of 
the lactone), dried over sodium sulphate, and evaporated. The resulting red gum was dissolved 
in the minimum quantity of hot chloroform, and methyl alcohol added until crystals began to 
appear, 350 mg. of diacetyl-lactone being obtained in fine needles, m. p. 260° with previous 
softening. The yield was increased to 500 mg. by previous acetylation of the sapogenin. Hydr- 
ogen chloride can be used in place of the bromide, but gives a poorer yield of lactone unless 
zinc chloride is added to the mixture; zinc chloride does not, however, improve the yield when 
hydrogen bromide is used. For analysis the lactone was crystallised six times from chloroform-— 
methyl alcohol and had [a], —21-5° (¢ = 3-348 in chloroform) (Found : C, 71-3, 71:7; H, 8-6, 8-9. 
C,,H,.O, requires C, 71-5; H, 89%). 

Quillaic Lactone.—This compound occurs in the mother-liquors from the preparation of the 
diacetyl-lactone and can be readily prepared by alkaline hydrolysis of the latter. It forms 
small iridescent plates, m. p. 315°, from chloroform—methyl alcohol; neither it nor the 
preceding compound gives a colour with tetranitromethane (Found : C, 73-8; H, 9-2. C,,H,,O0, 
requires C, 74-1; H, 9-5%). 

Oxidation of the Diacetyl-lactone.—A solution of 10 g. of the diacetyl-lactone in 500 c.c. of 
acetic acid was mechanically stirred and kept at 20—25° while a solution of 3-6 g. of chromic 
acid and 3 c.c. of sulphuric acid in 180 c.c. of acetic acid were dropped in (5 hours), the addition 
being more rapid towards the end. The excess of reagent was destroyed with methyl alcohol, 
the acetic acid distilled off under reduced pressure, the residue extracted with ether, and the 
ethereal solution extracted with ice-cold 10% aqueous sodium hydroxide. The extract was 
acidified, and the precipitate filtered off, washed, and dried (8 g.). The crude acid was dissolved 
in the minimum amount of hot methyl] alcohol, and the solution cooled and scratched; after 
about 12 hours long silky needles of the acetyl acid began to separate (2 g.) and were recrystallised 
from methyl alcohol; they softened at 204°, then resolidified and melted at 278—280°. The 
acid was freely soluble in ether, methyl and ethyl] alcohol and very soluble in chloroform and was 
saturated to tetranitromethane (Found: C, 69-3, 69-4; H, 8-9, 8-9. C,,H,,O, requires C, 
69-6; H, 8-6%). In preliminary experiments it was found that, if less chromic acid is used than 
is required to give 3 atoms of oxygen, some diacetyl-lactone remains unattacked. When 
potassium hydroxide was used in the extraction of the acid reaction product, the latter suffered 
deacetylation and the acid Cy,H,,O, was produced (150 mg. from 1 g. of diacetyl-lactone) ; 
it crystallised from methyl alcohol in silky needles, m. p. 380° (Found: C, 71-3, 71-2; H, 9-0, 
8-9. C59H,,O, requires C, 71-7; H, 9-2%). The same acid was produced when 8 g. of the 
crude acetyl acid in 50 c.c. of alcohol were warmed and shaken with 30 c.c. of 10% ethyl-alcoholic 
potassium hydroxide until the precipitate of potassium salt had redissolved. After 4 hour 
the solution was acidified and poured into water, 6-8 g. of crude acid being obtained, and this 
gave 4 g. of pure acid. 

The C,, acid was recovered (after acidification) unchanged after being boiled for 3 hours 
with 10% alcoholic potassium hydroxide; it is evidently impossible to isolate the hydroxy-acid 
formed by the opening of the lactone ring, just as in the case of hederagenin lactone (Winterstein 
and Meyer, Z. physiol. Chem., 1931, 199, 37). The acid was readily esterified with diazomethane 
in acetone-ether; the ester crystallised from chloroform in flat, silky needles which become 
opaque on drying, m. p. 375° (Found: C, 72-0, 72-1, 71-9; H, 9-5, 9-4, 9-5. C;,H,,O, requires 
C, 72-1; H, 9-4%). 200 Mg. of the ester were boiled for 3 hours with 10 c.c. of 5% alcoholic 
potassium hydroxide; 120 mg. of unchanged ester were recovered, together with 75 mg. of the 
acid. The slow rate of hydrolysis is analogous to the behaviour of gypsogeninic ester (Ruzicka, 
Giacomello, and Grob, Joc. cit.) and suggests that the newly-formed carboxy] group is attached 
to a quaternary carbon atom. 

Oxidation of the Cy, Acid.—5 G. of the finely powdered acid, suspended in 500 c.c. of acetic 
acid, were mechanically stirred at 20° while a solution of 3 g. of chromic acid in 300 c.c. of 
acetic acid was dropped in during 7 hours. After the excess of reagent had been destroyed with 
methyl alcohol, the acetic acid was distilled off under reduced pressure, the solid residue dis- 
solved in ether—-chloroform, and the solution extracted with 10% aqueous sodium hydroxide. 
The solution in the organic solvents was freed from traces of chromium salts by shaking with 
hydrochloric acid and then with brine, dried, and evaporated, 2-3 g. of solid residue being 
obtained; the alkaline extract gave 1-95 g. of crude acid on acidification. The neutral portion 
crystallised in some experiments, but it was found preferable to purify it by chromatographic 
adsorption. It was dissolved in 115 c.c. of benzene and passed through a column of 50 g. of 
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activated alumina, which was then washed with benzene. The solution was collected in three 
approximately equal fractions, the first two of which gave the same compound on evaporation ; 
the third contained no crystalline material. The solid obtained from the first two fractions 
was recrystallised from ethyl acetate containing a little chloroform; it formed small 
plates, m. p. 296—297°, sparingly soluble in methyl or ethyl alcohol, freely soluble in acetic 
acid, [a])p — 83°5° (c = 2-096 in chloroform) (Found: C, 76-9, 76-7; H, 9-5, 9-5. CygH4,O, 
requires C, 76-6; H, 9-3%). It contained no active hydrogen and gave no colour with tetra- 
nitromethane or with alcoholic ferric chloride. The semicarbazone crystallised from acetic acid 
in fine needles, m. p. 301—302° (Found: C, 70-4, 70-3; H, 8-9, 8-7. C39H,,0O,N, requires C, 
70-4; H, 89%). The 2: 4-dinitrophenylhydrazone separated from acetic acid in minute yellow 
needles, m. p. 298—299° (Found: C, 66-2; H, 7:3; N, 8-7. C3;;H,.O,N, requires C, 66-2; 
H, 7:3; N, 88%). An oxime was also prepared but could not be made to crystallise; the 
ketone did not form a quinoxaline on boiling with o-phenylenediamine in alcohol for an hour. 
An attempt to reduce it by Clemmensen’s method led to an uncrystallisable gum. - 

The acidic portion of the oxidation product was dissolved in a little methyl alcohol. On 
keeping in a refrigerator a small crop of crystals (A) was deposited; the mother-liquor yielded 
a much larger crop (B) (400 mg.). The solid (A) was again recrystallised from methyl] alcohol ; 
a crop of plates (A,), m. p. 310—312°, was obtained, and from the mother-liquor of it plates 
(A,), m. p. 320°, mixed m. p. with (A,) 315—316° [Found for (A,) : C, 70-1, 70-2; H, 8-7, 8°7; for 
(A,): C, 71-3, 71-2; H, 89, 8-9%]. The acid (B) was much less soluble in ethyl acetate than 
the acids (A,) and (A,) and it was recrystallised from this solvent and then from methy] alcohol ; 
it formed long needles, m. p. 290—291° (Found : C, 69-9, 70-0, 70-0; H, 9-0, 9-0, 90%; M, by 
titration, 493, 504). It did not react with semicarbazide and had no selective absorption in 
ultra-violet light. The methyl ester, prepared with diazomethane, crystallised from methyl 
alcohol in stout needles, m. p. 206° (Found: C, 70-5; 70-3; H, 9-3, 9-4%). The analysis 
figures agree well with those required for an acid C,,H,,0, (Calc.: C, 69-8; H, 91%) and its 
ester C,,H,,0, (Calc.: C, 70°4; H, 9°3%), but this formula is not consistent with the results 
of titration and the formation of the acid appears difficult to explain. The ester was completely 
hydrolysed by boiling for 3 hours with 5% alcoholic potassium hydroxide, showing that the 
carboxyl group which had been esterified is not attached to a quaternary carbon atom, as in the 
Cy) acid, and must have resulted from the opening of a ring. 

Oxidation of Quillaic Acid.—A solution of 5 g. of the acid in 200 c.c. of acetic acid 
was mechanically stirred and cooled in ice-water while a solution of 7-5 g. of chromic acid and 
6-5 c.c. of sulphuric acid in 375 c.c. of acetic acid and 20 c.c. of water was run in during 3 hours. 
The stirring was continued for a further hour, and the solution worked up as described on p. 1133. 
The acid portion did not crystallise and was set aside. The neutra: portion was a yellow gum, 
which was chromatographed in benzene solution, and a portion which was more strongly 
adsorbed kept separate. The main bulk separated from ethyl acetate as an almost colourless 
solid, m. p. 256—260°, which was dried at 110°/0-0006 mm. (Found: C, 74:1; H, 89. C,.H,,O; 
requires C, 74-3; H, 8-6%); a minute amount of a pseudo-acidic gum was also isolated. 

Dihydroquillaic Acid.—2 G. of quillaic acid in 100 c.c. of acetic acid were shaken with 0-3 g. 
of Adams’s catalyst in an atmosphere of hydrogen for 18 hours, 86 c.c. of hydrogen being 
absorbed. The filtered solution was evaporated under reduced pressure, and the residue 
crystallised from methyl alcohol, then from ethyl acetate (Soxhlet); it formed silky needles, 
m. p. 315—316°, freely soluble in hot acetic acid, sparingly so in methyl alcohol; it gave a 
yellow colour with tetranitromethane and had [a], +32° (c = 1-836) in pyridine (Found: C, 
73-9; H, 10-0. (C3,H,,O, requires C, 73-7; H, 10-0). On a larger scale less catalyst was 
used and a 75% yield of the dihydro-acid was obtained. The methyl ester was prepared with 
the aid of diazomethane in acetone in somewhat poor yield and formed plates, m. p. 269—270°, 
from methyl alcohol—benzene, which were dried at 85°/0-002 mm. for 12 hours (Found: C, 74:3; 
H, 10-2. C;,H,,0,; requires C, 74:1; H, 10-0%). 

Acetonyl Derivative of the Methyl Ester.—The crude methyl ester (2-3 g.), dissolved in the 
minimum amount of dry acetone, was treated with 5 drops of concentrated hydrochloric acid, 
and the solution warmed for a few minutes and kept in the refrigerator for 3 weeks; a small 
amount of crystalline solid separated, m. p. 256—259° (Found: C, 75-5; H, 10-1. C,,H,,0,; 
requires C, 75-2; H, 10-0%). 

Triacetyl-lactone.—Dihydroquillaic acid was acetylated with acetic anhydride and pyridine 
in the cold. The acetyl derivative proved difficult to purify, as it was readily deacetylated on 
boiling with solvents. The crude compound was therefore lactonised as described on p. 1132, 
and the resulting solid crystallised from methyl alcohol containing a little chloroform (norit) ; 
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it formed fine needles, m. p. 247—-249°, and gave no colour with tetranitromethane (Found : 
C, 70-3; H, 9-0. C,,H;,0, requires C, 70:3; H, 8-9%). 


The authors’ thanks are due to Dr. J. S. Fitzgerald for carrying out much of the preliminary 
work, to Dr. J. B. Polya for the absorption spectra, and to the Royal Society and the Chemical 
Society for grants. 
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248. The Effect of Alcohols on the Partial Vapour Pressure of Acetone. 
By J. E. WYNFIELD RHODES. 


Acetals are readily produced by the-direct action of alcohols on aldehydes, but 
not on acetone, and the acetals from ketones have to be obtained indirectly. Vapour- 
pressure measurements on mixtures of acetone with the high-boiling n-heptyl, benzyl, 
and m-nitrobenzyl alcohols reveal both a decrease in vapour pressure with time in 
presence of aqueous hydrogen chloride, and a considerable decrease in vapour pressure 
when other known catalysts for the alcohol—aldehyde reaction are used. Errera and 
Seck (Trans. Faraday Soc., 1938, 34, 728) produced evidence from infra-red spectra 
for the formation of complexes between alcohols and acetone, but although these 
complexes might be the result of dipole interaction, the vapour-pressure evidence 
is in favour of the view that they are acetals. 


FISCHER and GIEBE prepared acetals by the direct action of alcohols on aldehydes (Ber., 
1898, 31, 545), but this reaction fails with ketones; according to Haworth and Lapworth 
(J., 1922, 121, 76), this is because the expected acetals are too readily hydrolysed. The 
failure to prepare acetals from acetone by this method is not evidence for the non-occur- 
rence of the reaction. Such a reaction should result in a lowering of the partial vapour 
pressure of acetone over the mixture, but as it cannot be assumed that such mixtures 
obey Raoult’s law, we do not know what the vapour pressure in the absence of the reaction 
ought to be. The lowering of the vapour pressure may be attributed to dipole inter- 
action as has been suggested by Martin and Brown (Trans. Faraday Soc., 1938, 34, 742) 
for mixtures of methyl, ethyl, and -propyl alcohols with water. Errera and Seck (loc. 
cit.) show from infra-red spectra that alcohols do form complexes with acetone which 
change but little with temperature and still exist in solution in ternary mixtures. It is 
probable that complexes resulting from dipole interaction would partly dissociate with 
rise of temperature, and their concentration would certainly be affected by dilution. 
It may well be that Errera and Seck’s complexes are acetals. 

This theory as to the nature of the complexes is supported by the author’s vapour- 
pressure measurements upon mixtures of benzyl, m-nitrobenzyl, and n-heptyl alcohols 
with acetone. The formation of complexes should lead to negative deviations from 
Raoult’s law, or at least a diminution in the positive deviation, but this result could also 
be attributed to dipole interaction. On the other hand, a decrease of vapour pressure with 
time could only result from compound formation and not from mere physical association. 
The deviations from Raoult’s law in the case of benzyl alcohol and m-nitrobenzyl alcohol 
solutions are negative, as expected, and those from »-heptyl alcohol solutions positive but 
less so than might have been expected by comparison with other acetone mixtures. A 
decrease of vapour pressure with time has been observed in all three cases,and most markedly 
in the last. Further, the partial vapour pressure of the acetone has been found to be 
diminished by catalysts for Fischer’s acetal synthesis, but not so much by aqueous hydrogen 
chloride, which would favour hydrolysis. 

The vapour pressures were measured by the author’s method (J., 1933, 204), by the 
Bremer-Frowein tensimeter, the isoteniscope, and by the Ramsay-Young method to 
determine the total vapour pressure in mixtures containing hydrogen chloride and hence the 
correction x for vapour other than acetone in the formula = 760(P — A — x)v/P(V +- v) 
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used: for calculating the partial vapour pressure of acetone. In anhydrous mixtures such 
measurements supplemented those made by the chemical method. The static are less 
accurate than the dynamic methods for dilute solutions of a highly volatile substance 
such as acetone because they lead to high results unless the mixtures are rigorously 
degassed, and this involves risk of loss of acetone. .The Ramsay-Young method, though 
better in some cases than the static methods, is not very good for such solutions because 
it depends on the rapid evaporation of the substance to cool the thermometer to the b. p. 
If the solution is not sufficiently rich in volatile constituents, or if their latent heats are not 
high enough, the thermometer will read high. 


EXPERIMENTAL. 


The solutions were made up from acetone of “ AnalaR” quality (British Drug Houses 
Ltd.). Before use the alcohols (redistilled if necessary) were tested at the chosen temperature 
(30°) and shown to have negligible vapour pressure. 

The diminution of the partial vapour pressure of acetone with time was observed chiefly 
in presence of hydrogen chloride (1 ml. of concentrated acid to 35 ml. of the alcohol and 5 ml. 
of acetone). Since under anhydrous conditions hydrogen chloride catalyses the condensation 
of acetone to mesityl oxide and phorone, it was important to establish that the concentrated 
aqueous acid did not of itself slowly lower the partial vapour pressure of acetone in an organic 
solvent. Experiments were therefore performed with toluene as a solvent, since the deviations 
from Raoult’s law with toluene appear to be of the same order of magnitude as those with 
heptyl alcohol as a solvent. Instead of a decrease, however, an increase was noted; this is 
not yet explained, but is probably connected with the fact that in the toluene—acetone mix- 
tures aqueous hydrochloric acid formed a separate layer whereas in heptyl alcohol—acetone 
mixtures it did not; the two-phase system would have a higher vapour pressure so long as 
two phases collaborated in producing it, and this would happen when the transpired air passed 
through both liquids and stirred them, but not otherwise. The vapour pressure was unchanged 
for 20 hours at least. The presence of water with the hydrogen chloride, as might be expected 
on other grounds, serves to prevent loss of acetone by self-condensation. 

In the absence of catalysts, the change in vapour pressure with time is within the experimental 
error of the method. This does not prove that no reaction takes place but may merely indicate 
that any such reaction is too rapid to be studied by the dynamic method, in which measure- 
ments cannot be made less than } hr. after mixing. In static measurements by the Bremer-— 
Frowein tensimeter or by the isoteniscope, vapour-pressure readings always increase with 
time at first and the correct vapour pressure may not be recorded until after 1 or 2 hours. 
For instance, in a benzyl alcohol—acetone—hydrochloric acid mixture (35, 5, and 1 ml., respec- 
tively), in which a decrease in vapour pressure with time would be expected, the tensimeter 
pressure readings at room temperature (17°) in a large thermostat were 23-3 mm. after 1 hour and 
27-9 mm. after 2 hours, and a solution of acetone in water (0-1 mol.-fraction) also at room 
temperature (17-5°) in a large thermostat gave readings of 31-5, 35-5, 37-5, and 41-0 mm. with 
the isoteniscope respectively immediately after evacuation, and after 20, 30, and 120 mins. 

Menzies (J. Amer. Chem. Soc., 1920, 42, 978, 1951) pointed out that the sluggishness of 
the establishment of the vapour pressure in tensimetric measurements had led to error in 
the system of the tri- and penta-hydrates of copper sulphate. This effect precludes the use 
of the static method for measurement of vapour-pressure changes during the first 1—2 hours 
after mixing. 

Effect of Time on the Vapour Pressures of Alcohol~Acetone Mixtures containing Concentrated 
Hydrochloric Acid at 30-8°.—The mixtures contained 35 ml. of alcohol, 5 ml. of acetone, and 
1 ml. of acid, the amounts being usually checked by weighing. Measurements were by the 
dynamic method, except those marked by an asterisk, which were by tensimeter. The results of 


Mol.-fraction Time from Mol.-fraction Time from 
Alcohol. of acetone. mixing. V. p., mm. of acetone. mixing. V. p., mm. 
0-183 4 hr. 91-7 0-183 26 hrs. 81-2 
4 hr. 91-2 ‘a 100 hrs. 79-1 


Heptyl 
26 hrs. 82-2 


”” 


{ 0-150 1 hr. 40-9 0-150 8 months 33-9 
me 32 hrs. 39-6 = - 33-9 
0-134 1 hr. 27-6 * 0-134 96 hrs. 23-8 * 

m-Nitrobenzyl A. 14 hrs. 27:3 a 7 weeks 23-8 * 

= 24 hrs. 24-4 * : 


Benzyl 
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experiments at 30-8° are set out in the above table. Every precaution was taken to avoid loss 
of acetone by evaporation, the reactants being kept either in sealed glass vessels (for the longer 
experiments) or in stoppered flasks until required for measurement, and in the latter case 
they were weighed before use to ascertain that no loss had occurred. The acetone content 
was frequently checked by the author’s method of analysis (loc. cit.) after the conclusion of the 
dynamic experiments. 

Effect of Catalysts for Fischer’s Acetal Synthesis on the Partial Vapour Pressure of Acetone 
in Benzyl-alcoholic Solution.—To facilitate comparison of the results, they have been calculated 
from the observed values to 0-1 mol.-fraction of acetone and 30°, on the assumptions that for 
small ranges of concentration Raoult’s law may be applied and that the temperature coefficient 
of the vapour pressure of acetone is 5% per degree (Rhodes, Joc. cit.). The mixtures consisted 
of 35 ml. of benzyl alcohol, 5 ml. of acetone, and the amount of the substance specified in the 
following table of results. Except where otherwise stated each figure represents a number of 
concordant results obtained by the dynamic method. 


Time after Time after 
Substance added. mixing. V. p., mm. Substance added. mixing. V. p., mm. 
MORO  ccvcsvvessvscseceseus-— -E-De, 23-4 * 12-5 G. of AICI, 18-65 
pe re 1} hrs. 25-2 os i 19:3 ¢ 
26-25 10 G. of CaCl, 22-9 
27-1 Ideal value according 
21-6 to Raoult’s law... 29 2 


* Tensimetric measurement after only 1 hr.; therefore low. 
t¢ Tensimetric, mean of a large number of results. 


The author thanks the Research Fund of the Chemical Society for a grant for the purchase 
of materials 
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249. The Dissociation Constants of the Isomeric Halogeno- and 
Nitro-anilines and -phenols. 


By H. O. JENKINS. 


The dissociation constants of the halogeno- and nitro-anilines and -phenols have 
been correlated with the electrostatic potential at the carbon atom to which the 
amino- or hydroxyl group is attached. Linear relations have been discovered. A 
proof is offered of the proportionality, as between one nuclear position and another, 
of the mesomeric effect to the inductive in such systems. No ortho-effect exists in 
either the anilines or the phenols. 


A PREVIOUS paper (this vol., p. 640) dealt with the dissociation constants of the halogeno- 
and nitro-benzoic acids. These have been correlated with the change in the electrostatic 
potential taking place at the carbon atom to which the carboxyl group is attached, when 
a substituent dipole is introduced and moved from the #- to the m- or o-position. A 
direct result has been proof of the normality of the dissociation constants of o-halogeno- 
and nitro-benzoic acids. The present paper extends the work to similarly substituted 
anilines and phenols. 

Anilines.—A selection of relevant data for the monosubstituted anilines is given in 
Table I and plotted in Fig. 1. The dissociation constants for all the halogenoanilines 


. TABLE I. 
Substituent. 10 K. log K. % =pcos@/r*. Substituent. 10% K. log K. ¥ = pcos 6/r*. 


In 30% aqueous C,H,OH at 25°. In 30% aqueous C,H,OH at 25°, 

126 16-1004 +0-000 seableete 0-36 13-5563 —0-279 

1-00 13-0000 —0-344 7-59 13-8802 —0-125 
7:94 13-8998 —0-1480 15-1 11-1790 —0-1030 

21-9 11-3404 —0-1220 
In water at 25°. In water at 25°. 

.. 530 15-7243 +0-000 4-0 13-6021 —0-408 
0-0056 15-7482 —0-919 0-124 13-0934 — 0-339 
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have been taken from Bennett, Brooks, and Glasstone’s potentiometric glass-electrode 
titrations (J., 1935, 1821) in 30% aqueous ethyl alcohol at 25°. The nitroanilines in 
water at 25° were measured by Farmer and Warth (J., 1904, 85, 1726), using a 
distribution method. These authors’ value for aniline (530 x 107%) has been taken in 
preference to more recent values in order to make a just comparison of the basicities of 
the isomerides based on the results of one investigator. 

Each series of anilines gives a straight line going through the points for the o-, #-, 
and unsubstituted compounds, but in each halogeno-series the m-aniline, and in the 
nitroaniline series the p-aniline, deviates from the linear relationship. The lines can be 
represented by equations of the form, In K, = In K, + yy, after conversion to Napierian 
logarithms, and y has the following values : 


IIE ecerannticccisincncuntaidonssesie F Cl Br 
> . .-seemrdecanianidaisemeseidedsonecieis Ee 126 - 147 
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The slopes increase systematically and, as in the case of the acids, approximate to 
Ne/RT, since the absolute value of a slope when electric moments are expressed in e.s.u. 
and distances in cm. is obtained by multiplying each of the above figures by 10°. 

The o-substituted anilines will now be considered. It is often stated that their 
strengths are abnormally low, but no explanation of this statement is available. When 
Victor Meyer’s conception of steric hindrance, as applied by Fliirscheim (J., 1909, 95, 


+ = 
708) to acids, was extended to the equilibrium, R-NH, + H,O == R-NH; + OH, it 
became evident that any extra steric effect would operate in the wrong direction. Far 
from producing abnormally low strengths in o-substituted bases, it would rather tend to 
shift the equilibrium to the right and increase the basic strengths. Again, it was 
realised that chelation as an explanation offered difficulties in some cases. In o-chloro- 
aniline, for example, if the nitrogen atom of the amino-group, with its lone pair of 
electrons, is to act as donor, a four-membered ring will result and this is certainly 
improbable. However, since the hydrogen atoms of the amino-group can act as 
acceptors, a five-membered ring structure can be at least visualised. The present 
calculations clearly show that neither explanation is needed. No particular effect exists 
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here characteristic of the o-substituted compounds which is not to be found in the 
p-derivatives. 
Phenols.—A selection of data is given in Table II and plotted in Fig. 2. The data in 


TABLE II. 


Substituent. 10° Kk. log K. yp. Substituent. 10 K. log K. yp. 


In 30% aqueous C,H,*OH at 25°. In 30% aqueous C,H,*OH at 25°. 
Be! exviddickcadaus 0-32 11-5051 +0-000 Of) Wcistict «6S 5-0086 — 0-355 
ODP cicsccintshiaes | Oe 10-6304 —0-363 WI ccccsvsccsee 400 16-6902 —0-158 
OTF sce venesiinhiaae 1-51 10-1790 —0-161 DAA rcoccccceces 1-32 10-1206 —0-130 
on 0-76 11-8808 —0-134 


In 50% aqueous CH,°OH at 20°. In 50% aqueous CH,°OH at 20°. 
He esessseseeeeeee 01256 11-0899 —0-000 1-95 10-2900 —0-158 
OA w.nninen Oe 10-5051 — 0-355 BAD ccccccccecce 0-47 11-6721 — 0-130 


Fic. 2. 
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30% aqueous ethyl alcohol have been taken from Bennett, Brooks, and Glasstone (loc. 
cit.), and those for the chlorophenols in 50% aqueous methyl alcohol from Kuhn and 
Wassermann (Helv. Chim. Acta, 1926, 11, 31). As in the case of the anilines, a linear 
relation exists between the points for unsubstituted p- and o-halogenophenols. The 
m-halogenophenols deviate from linearity, but in the opposite direction to that found in 
the substituted anilines. Each straight line can be represented by an equation of the 
form In K, = In K, — y’% after conversion to Napierian logarithms, and y’ has the 
following values : 


SabeORE niiscaccsswwavsiiineddsesans | FF Cl Br I NO, 
9 céacorsccisesecostacseeccscsnsnsescotcenns «TO OR, OO. ES 12-0 7 


. : In 50% aqueous CH,°OH. 


No ortho-effect exists in the o-halogenophenols. Dippy, Evans, Gordon, Lewis, and 
Watson (J., 1937, 1422) have pointed out that o-phenols are not appreciably less reactive 
than their isomerides. Clearly also, very little chelate ring formation can take place in 
these compounds. Inspection of the data of Holleman and Herwig (Rec. Trav. chim., 
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1902, 21, 444) for the nitrophenols shows that o-nitrophenol has an abnormally low 
dissociation constant, and the chelate ring hypothesis accounts for this. An approximate 
value of y’ is included in the table. 
The Mesomeric Effect—The m-halogeno-anilines and -phenols (and also the p-nitro- 
compounds) deviate from the linear relationship, but in opposite directions to one 
another (see Figs. 1 and 2). For example, m-bromoaniline has an abnormally low, and 
m-fluorophenol an abnormally high, dissociation constant, the linear relation being used 
as the criterion. Also the deviations are systematic. This is illustrated by Table III 
for the halogeno-anilines, in which K’ is a theoretical dissociation constant which would 


be obtained if the linear relation held. 


TABLE III. 


Substituent. 12 + log K. 12 + log K’. Diff. Substituent. 12 4-log K. 12+ log K’. Diff. 
OPE nisin 102 — 1-35 0-33 OE esc vnacinccs 0-90 1-12 0-22 
| eee 0-93 1-22 0-29 . 0-95 0-07 


Inspection of Fig. 1 reveals that the linear relation is almost obeyed by m-iodoaniline, 
and that there is a bigger deviation for m-bromo- 
Fic. 3. aniline, and so on through the halogeno-series. 
A similar table can be constructed for the 
m-phenols. These facts give the clue to the cause 
of the divergence, since Baddeley and Bennett 
(J., 1933, 261, 1112) state that the mesomeric 
effect of the halogens (+ M) diminishes in the 
order F>CI1>Br>I. This is supported by 
the calculations of Groves and Sugden (J., 1937, 
1922). We have two possibilities. (i) There may 
be some extra effect in the m-substituted anilines 
and phenols in the same direction as the simple 
dipole inductive effect, the extra effect diminishing 
from fluoro- to iodo-. (ii) However, a far more 
probable explanation is the following. Only the 
m-compounds exhibit the simple inductive effect, 
and both o- and #-compounds exhibit a mesomeric 
effect opposite in direction to the inductive 
effect. Again, it is stressed that in these systems 
such mesomeric effects would have to be pro- 
portional to the inductive effects so as to 
preserve the observed linearity (see Fig. 3, where 
consideration of the geometry of similar triangles gives AB/CD = OB/OD = 
OE cosec 6/OF cosec@ = OE/OF); i.¢., the ratio of the mesomeric effect in the #- 
compound to that in the o-compound is the same as the ratio of the inductive effect in 
the p- to that in the o-compound. This complicating effect seems very small in the acids. 
In the light of the above, we now regard the strengths of o-substituted anilines as being 
high rather than low. 

Change of Solvent.—Inspection of Table II and Fig. 2 reveals that the slope of % 
plotted against log K for the chlorophenols in two solvents (and this is supported by data 
for the fluoroanilines in 30% ethyl alcohol and in water) is approximately the same. 
This does not seeni to bear out the speculations of Wynne-Jones (Chem. and Ind., 1933, 
52, 273) on the relative strengths of acids and bases in different solvents. 
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Dr. H. B. Watson and Dr. J. F. J. Dippy continue to take an interest in this work, and 
grateful thanks are due to them for hospitality and advice. 
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250. An X-Ray and Thermal Examination of the Glycerides. Part VI. 
Symmetrical Mixed Triglycerides, CH(Q:COR’)(CH,°O-COR), (con- 
tinued). 

By THomAS MALKIN and MELVILLE L. MEARA. 


The following glycerides have been examined, and their m. p. and X-ray data 
determined: §-decodimyristin, $-laurodipalmitin, $-myristodistearin; ®-myristodi- 
decoin, §-palmitodilaurin, (-stearodimyristin; §-decodipalmitin, (-laurodistearin ; 
8-palmitodidecoin, 8-stearodilaurin; 6-stearodidecoin; 6-decodistearin. All are found 
to exist in four solid modifications, viz., vitreous, «, 8’, and B, the last being the stable 
modification. 

In contrast to glycerides previously examined, long spacings of the @-forms of all 
except 8-palmitodilaurin and §-stearodimyristin correspond to twice the length of a 
single molecule, but the side spacings do not suggest any fundamental difference in 
structure. 


THE present investigation completes our study of the symmetrical mixed triglycerides 
derived from the even-membered acids decoic to stearic. For the reasons given in Part IV 
(this vol., p. 103), the glycerides have been arranged in the following groups, the difference 
in length between the acyl chains being the same for members of each group, v7z. : 


(a) B-Decodimyristin. f-Laurodipalmitin. B-Myristodistearin. 
Coe Cees Cues 
10 Cis 12 Cig 14 18 

(b) B-Myristodidecoin. B-Palmitodilaurin. B-Stearodimyristin. 


Cue" Ce Cue 


12 
(c) B-Decodipalmitin. f£-Laurodistearin. 


Ce oe fs 
0 LCi = 18 
(ad) B-Palmitodidecoin. B-Stearodilaurin. 


10 12 
Cig “oe Cis - 
B-Stearodidecoin and £-decodistearin cannot be grouped. 


‘All the above exist in four solid modifications, viz., vitreous, «, 8’, and 8 (in order of 
increasing m. p.), and where comparisons are possible, they exhibit normal m. p. relation- 
ships (Fig. 2). 

For members of the same group, the velocities of the transitions vitreous —> a, « —> 
8’, 8’ —-> 8, increase with diminishing chain length, but this does not necessarily hold for 
members of different groups owing to the factor introduced by the unequal differences in 
chain length; e.g., the transitions of 8-decodistearin are more rapid than those of -lauro- 
dipalmitin which has the shorter total chain length. 

In contrast to the glycerides previously studied, long spacings of the stable 8-forms of 
all except $-palmitodilaurin and $-stearodimyristin correspond to twice the length of a 
single molecule, but side spacings are of the normal type, and do not indicate any funda- 
mental change in crystalline structure. 

Spherulite formation was observed with all the above glycerides. 


EXPERIMENTAL. 


The glycerides were prepared as described in Part IV (loc. cit.). All crystallise well from 
alcohol, or, in the case of those containing higher acids, alcohol—benzene (slow cooling in Dewar 
vessel). With the exception of the three members of group (a) (above), all possess the charac- 
teristic felted appearance mentioned in Part IV. 

Analytical data are given for the following, which have not been previously prepared : 


Oe Cg eet bn a ee Oe Ciicties 


ny ear 
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8-Decodimyristin (Found: C, 74-0; H, 12-1. C,,H,,0, requires C, 73-8; H, 118%); 8-stearo- 
dimyristin (Found: C, 75-9; H,12-1. CygH sO, requires C, 75-5; H, 12-2%); ®-myristodidecoin 
(Found : C, 72-9; H, 11-5. C,,H,,0, requires C, 72-7; H, 11-6%); 8-palmitodidecoin (Found : 
C, 73-4; H, 11-9. C,,H,,O, requires C, 73-3; H, 11-7%); ®-stearodidecoin (Found: C, 74-0; 
H, 11-5. (C,y,H,,0, requires C, 73-8; H, 11-8%). 

Thermal Examination.—This was carried out as described in Parts I (J., 1934, 665) and II 
(J., 1936, 1628) by means of cooling and heating curves and capillary m. p. determinations. 
Representative curves shown in Fig. 1 (cooling to room temperature) illustrate the increase in 
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b-Deco 
dimyristin 
B-Lauro- 
dipalmitin 
8- Myristo- 
distearin 
B-Myristo- 
didecoin 
8-Falmito- 
dilaurin 
f-Stearo- 
B-Deco- 
dipalmitin 
8-Lauro- 
distearin 
B-Palmito- 
didecoin 
8-Stearo- 
dilaurin 


speed of the various transitions with diminishing chain length. Curve A, 8-myristodistearin, 
shows separation of the vitreous form, followed on the heating curve by arrests at the m. p.’s 
of the vitreous and the «-form. Curve B, @-laurodipalmitin, shows a short period of vitreous 


separation, followed by a sharp rise in temperature as crystallisation of the «-form sets in. On 
the heating curve arrests occur at the m. p.’s of the a- and the @’-form. Finally, the curve C, 
8-palmitodilaurin, on reaching the m. p. of the a-form, rises rapidly as crystallisation in the 
6’- and the 6-form occurs. The single arrest at the m. p. of the stable 8-form on the heating 


curve shows that transition into this form is practically complete. 
M. p.’s are given in Table I, and plotted in Fig. 2. Those marked with an asterisk were 
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difficult to determine owing to the rapidity of the transition, but are probably accurate to 
within 1°. 
TABLE I. 


Vitreous. a. | B. Other workers’ data. 
B-Decodimyristin ............ 37° 43-5° —_ 
p-Laurodipalmitin ............ 34 47 53-5 63-5—64°1 +; 54-6°? 
p-Myristodistearin ............ 47 56 62-5 63-5° 
B-Myristodidecoin ............ 34 
B-Palmitodilaurin ............ 19* 45-5 47-84 
B-Stearodimyristin 55-5 _ 
i iti ‘ 51-5 66! ft 
60-5 59-83; 53-5, 56-5, 68-55 
40 _ 
47 50-91; 37-55 
44-5 one 
53* 57 56-23 
+ These values are obviously far too high; cf. tripalmitin, m. p. 65-5°. 
1 Averill, Roche, and King, J. Amer. Chem. Soc., 1929, 51, 866. 
2 Schuster, J. pr. Chem., 1928, 120, 145. 
Robinson, Roche, and King, J. Amer. Chem. Soc., 1932, 54, 705. 
4 McElroy and King, ibid., 1934, 56, 1191. 
6 Griin and Schacht, Ber., 1907, 40, 1778. 


X-Ray Investigation.—This was carried out as described in Parts I, II, and IV (locc. cit.), 
pressed and melted layers and rods being examined. Pressed layers of 8-forms, except those of 
8-palmitodilaurin and @-stearodimyristin, appear to be poor diffractors of X-rays, and required 
unusually long exposures of some 4 hours each side. Long and side spacings are given in Table 
II. 


TABLE II. 


Lon ings. 
Substance o- ae 
and group. a. 
B-Decodimyristin 
f-Laurodipalmitin 44-6 
B-Myristodistearin 49-5 
f-Myristodidecoin _- 
f-Palmitodilaurin aoa 
f-Stearodimyristin 44-0 
B-Decodipalmitin |. 39-0 
p-Laurodistearin } 47-1 





B. 
52- 
59-0 

65-8 
46-5 . . . . . 
35-5 . . * ° . ° . . 
40-0 . . . . * . 
56-5 . . . . ° 5-32w 
63-7 ” ” 
49-5 4-3vw 4-58 4-8vw 5-27w 
56-8 3-83 4:02w 4-2 ” ” ” ” ” 
51-6 4-24w 4:58 4-9w 5-29w 
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6w 
4w 


~J1 ® © ~1 
PESSEIS mp} 
OS @w=-10-1° 


oo, -» 
J] % 
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B-Palmitodidecoin \ , 
B-Stearodilaurin } 
B-Stearodidecoin — — 
B-Decodistearin — 763 61-2 3-83 4-11 4-34 , 4-61 5-34 

All a-forms give a single side spacing of =~4-19 a. 

w = Weak lines. 

vw = Very weak lines. 


40-8 


DISCUSSION. 


Long spacings of $-forms, with the two exceptions mentioned above, are too large to 
correspond with the length of a single molecule; ¢.g., in 6-decodimyristin, with a spacing 
of 52-5 a., the maximum length of the acyl chains is 30-24 A., 7.¢., 24 carbon atoms at 1-26 A. 

per atom (see inset). Even after allowance of a further 5 A. for the length 

Cio 14 contributed by the glycerol molecule, there is still a wide discrepancy. It 
<C er would appear, therefore, that the long spacing represents a double molecule, 
2 although the spacing is somewhat small, and to account for this it must be 
assumed that the molecules are tilted at an acute angle across the reflecting planes. This 
tilt can be calculated for members of group (a), the 6-spacings of which are in good linear 
relationship, and is found to be 41° 18’ (increase in length per carbon atom = 0-83 A.). In 
view of the observed linear relationship, and the small increase in length per carbon atom, 
on passing from a lower to a higher glyceride of the same group, other possible explanations 
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of the smallness of the long spacings are not so acceptable as the suggested tilting of the 
double molecule, but a final solution must await a more detailed X-ray analysis. 

With two exceptions, side spacings are of the broad and the narrow band type for 6- 
and 8’-forms respectively (cf. this vol., p. 107). Photographs of 8-forms are closely similar 
to that reproduced in Part IV, Fig. 9 (zbid.). 

The results for group (b) show a transition from the single to the double molecular 
structure, which was unexpected in view of the equal chain length difference for each 
member of the group (4 CH,), and it is clear that the absolute value of chain length difference 
is not the sole factor determining this structural change. 

Side spacings of 8-forms of the two anomalous compounds (8-palmitodilaurin and 6- 
stearodimyristin) are of the narrow band type and are almost identical with the spacings 
of the respective 8’-forms. In this respect these two glycerides closely resemble §-myristo- 
dilaurin and $-palmitodimyristin respectively (Part IV, Joc. cit.), with which there is a 
certain structural relationship. 
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251. The Determination of Dipole Moments in the Vapour Phase. Part I. 
An Improved Apparatus. By L. G. Groves. Part II. The Moments 
of Alkylbenzenes and Alkyleyclohexanes, By J. W. Baker and Leste 
G. GROVES. 


(Part I.) A heterodyne apparatus is described which employs stabilised matched 
Hartley oscillators, electronically coupled, the resultant frequencies of which are 
constant over extended periods to within about 5 parts per million. 

The gas cell is vapour-jacketed, and the changes in capacity due to introduction of 
dielectric gases and vapours are measured by direct parallel replacement on a specially 


constructed micrometer variable condenser. 
The beat frequency is observed as a simple Lissajous figure on a cathode-ray 


oscillograph using the 50-cycle mains as time base. 

(Part II.) The dipole moments of toluene, ethyl-, isopropyl-, and ¢#ert.-butyl- 
benzene, accurately determined in the vapour phase by the method described in 
Part I, are, respectively, 0-37, 0-58, 0-65, and 0-70 D; that of p-tert.-butyltoluene is 
0-39 D, in good agreement with the value (0-33) deduced from the moments of toluene 
and /ert.-butylbenzene. All the corresponding alkylcyclohexanes have zero moments 
in the vapour phase. 


Part I. 


EXPERIENCE of the measurement by high-frequency methods of the small changes in 
capacity normally associated with determinations of the dielectric constants of gases and 
vapours has shown that the limiting factor for accurate measurement is the “ drift ’’ 
of frequency (and in some cases, amplitude) of the emitted oscillations during the time 
occupied in making one measurement. Such variations may be limited to two main 
sources, viz., temperature coefficients of components of the oscillating circuits and 
variations in supply voltages to the valves. 

Owing to the extreme difficulty of eliminating amplitude variation, attention has been 
confined to the heterodyne method, and in an attempt to eliminate the first of the above 
two factors, it has been the aim to co-ordinate lay-out rather than to incorporate com- 
ponents of low temperature coefficent, as the latter procedure is of little value unless 
temperature compensation of every component is uniform. There is no gain in over-all 
stability by crystal-controlling, or otherwise stabilising, the fixed-frequency oscillator 
alone. The two oscillators have been constructed as mirror images of one another and of 
as Closely identical components as possible except for the rough tuning capacity (C;) and 
the gas cell (C,), and with the exception of the valves they are contained in similar aluminium 
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boxes. The valves are housed in perforated zinc boxes, sandwiched in between the 
aluminium boxes, and are of 2-volt battery type to keep heat production low. The per- 
forated valve-screening boxes are excellent heat dissipators by ventilation, and lateral 
conduction to the main components is negligible. Filament accumulators are stood on 
ebonite in biscuit tins which, together with the oscillator and valve screening boxes, rigidly 
interconnected, are covered with expanded rubber heat-insulating material. The apparatus 
is situated on a stone bench in a basement room which is virtually an air thermostat, and 
local temperature gradients in the gas cell have been eliminated by jacketing with vapour 
from liquids boiling under atmospheric pressure. 

The almost complete removal of factors affecting purely electrical stability, viz., the effect 
of supply voltage variations on the characteristics of the valves and the effect of load 
conditions on the functioning of the oscillators, has been obtained by incorporating the 
principles developed by Llewellyn (Proc. Inst. Rad. Eng., 1931, 19, 2063) and Dow (sbid., 
p. 2095). Llewellyn considers the network formed by various oscillating circuits of the 
Hartley and Colpitts type, and derives an expression for the natural frequency of oscillation 
such that no physical constants of the valve other than the interelectrode capacities appear 































































































L, = 170 pu. (104 turns of 26 S.W.G. copper wire, 4 cm. diam.). L, = H.F. choke. C, = 0-0003 pr. 
C, = 0-001 pF. C,;=Gas cell. C, = Micrometer condenser. C, = 0-00015 uF. (max.). R, = 
25,000 ohms. R,= 10° ohms. R,=1 megohm. C, = Electron coupling condenser. A= 
Amplifier. O = Oscillograph. 


in it. The practical implication of this is that variations of amplification factor or of 
grid- or plate-circuit resistance in the valve do not affect the frequency of oscillation, and 
these principies are brought into action by the insertion of stabilising condensers in 
the plate and grid circuits, the magnitudes of which require to be calculated from values 
from the inductance and capacity in the tuned circuit. 

A modification of Dow’s electron-coupling system serves to mix the two high-frequency 
oscillations in the grid circuit of the rectifier. The distinctive feature of this arrangement 
is that the load is applied in the anode circuit of a screened-grid valve, the screening grid of 
which is functioning as anode of a triode oscillator formed with the remaining two electrodes, 
and in Dow’s original arrangement an accelerating potential is applied to the anode. 

The H.F. voltage is fed to the rectifier through a small condenser C, which should satisfy 
the relation C, = C,.C,/C,, where C, = capacity between the screening grid and anode, 
and C, and C, are the grid and the plate circuit capacities. Adequate pick-up from each 
osicillator may be obtained, however, by dispensing with the accelerating voltage and 
joining the anodes to earth through resistances, the connexions to the grid of the rectifier 
then being made through two small condensers as in the original Dow arrangement. This 
method of coupling reduces the tendency for the oscillators to lock, and eliminates effects 
due to load variation. 
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The high-frequency feed leads from the small condensers are directly connected to the 
grid of a triode rectifier which is situated in one of the perforated screening boxes, the output 
from which, after one stage of amplification, is fed to one pair of deflecting plates of the 
oscillograph. Time base is supplied to the other pair from the 50-cycle A.C. mains, and 
any conveniently recognised Lissajous figure may be used as zero point. In practice the 
circle or ellipse from a 50-cycle beat frequency is the most suitable figure to use, but it is 
noteworthy that a heterodyne of 10 cycles can be reached before tendency to locking 
between the two oscillators sets in. 

The complete apparatus gives remarkable frequency stability provided the temperature 
of the room remains sensibly constant, the normal variation between the two oscillators 
(of natural frequency about 1 megacycle) being + ca. 3 cycles over periods of several hours, 
and being indicated by occasional slow rotation of the pattern in alternate directions. 

The oscillators are quite insensitive to 
Fic. 2. deliberately imposed variations in screening 
grid voltages which are derived directly, 


through decoupling, from the D.C. mains. The 
oscillograph is supplied from the A.C. mains by 
means of a Westinghouse rectifier used as 


voltage doubler, the higher-potential half of 
which also supplies the amplifier valve. The 
y circuit, complete except for standard technical 
details, is shown in Fig. 1. 

The original gas cell as used by Groves and 
Sugden (J., 1934, 1094) has been modified to 
permit of accurate thermostatic control and is 
shown in Fig. 2. The liquids employed, viz., 
chloroform, carbon tetrachloride, »-heptane, 
n-butyl alcohol, xylene, cyclohexanol, aniline, 
benzyl alcohol, and thymol, are boiled electric- 
ally at the bottom of the outer vessel, which is 
heavily lagged, and the tip of the air condenser 

f is disposed so that refluxed liquid runs down 
the inside of the outer jacket. An electrically 
heated tube connects the cell to the source of 
vapour, which is similar to that used by 
Groves and Sugden (loc. cit.) except that the 
additional U tube (Y) allows the liquid under 
investigation to be withdrawn from the U tube 
(X) by reduction of pressure via Z. 

Direct pneumatic connexion is thus obtained 

between the vapour in the cell and air in the 

la es barometer, and no correction is necessary for 
difference in liquid levels at X. 

Condensation does not occur with this pro- 
cedure as the bend of X (1 mm. capillary) becomes filled with air, which, however, 
does not diffuse into the body of the cell because of the volume and length of the 
connecting tube. 

Change in capacity of the gas cell is measured directly by parallel replacement with 
the micrometer variable condenser (Fig. 3), which is constructed from a micrometer head 
(Brown and Sharpe) and precision-turned brass tubing; these two components, of external 
and internal diameter respectively 5-969 and 8-044 mm., and insulated from one another 
with amber, form the electrodes and are enclosed in an earthed screen, the micrometer 
head and rod being also earthed. Change in capacity is thus directly proportional to 
micrometer reading, provided that the end of the moving rod be always remote from the 
open end of the tube. 

The condenser was calibrated by measurement of the relevant diameters and lengths, 


To barometer 
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the internal diameter of the brass tube being further checked for uniformity by a deter- 
mination of its volume by weighing:in water. Proof of linearity was provided by check- 
ing the capacity change required to compensate for change in heterodyne frequency from 
circle to circle on the oscillograph (7.e., 100 cycles) at different parts of the condenser 
scale. 

The condenser constant was 1-862 wuF. cm.1, and the micrometer reading can be 
estimated to 10 cm., equivalent to 2 x 10 uur. 

The method of making measurements is similar to that used by Groves and Sugden 
(loc. cit.) except that, before each pressure reading, the liquid is just withdrawn from X 
by a slight reduction in pressure through Z (Fig. 2). 


Part II. 


AccuRATE values of the dipole moments of the various alkylbenzenes have great significance 
in relation to the complicated problem of the relative electron-release capacities of alkyl 
groups. Since the differences in polarisation between the various alkylbenzenes are likely 
to be small, it is important that any complications which arise in solution measurements 
should be avoided. Advantage has accordingly been taken of the greatly improved 
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technique, described by one of us in Part I, to obtain reliable values for the dipole moments 
of the alkylbenzenes (and the corresponding alkylcyclohexanes) in the vapour phase. The 
values obtained are tabulated below : 


Dipole moments of PhR in the vapour phase. 


BES hswcbiblbeedibenthesna i Et Prf BuY 
are ey 0-58 0-65 0-70 
Methyl-, ethyl-, ssopropyl- and ¢ert.-butyl-cyclohexanes all have zero moment. 














EXPERIMENTAL. 


Purification of Materials.—Toluene. The pure sample used by Ingold, Rothstein, Lapworth, 
and Ward (J., 1931, 1959) was again dried over sodium for 3 days and fractionated over sodium 
through a long column in an all-glass apparatus; the fraction, b. p. 111-0°/761-7 mm., was 
again distilled over sodium to give the sample used, b. p. 110-9°/756-5 mm.; nj” 1-4951 (lit. ; 
b. p. 110-8°/760 mm.; 2° 1-4962). 

Ethylbenzene. A commercial sample (Messrs. British Drug Houses, Ltd.) was repeatedly 
shaken with concentrated sulphuric acid until the acid was no longer coloured, well washed ‘ 
with water, aqueous sodium carbonate, and again with water, and dried over calcium chloride. j 
The fraction, b. p. 136—137°/767 mm., obtained by fractionation through a column in an 
all-glass apparatus was twice frozen with liquid air, partly melted, and the liquid fraction 
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decanted and rejected. The crystalline material (25% of the whole) was dried over calcium 
chloride, refluxed over sodium for one hour, and fractionated. The portion, b. p. 136-1°/745 mm., 
was again refluxed and fractionated over sodium, a column and bath being used, and a 
sample, b. p. 135-5°/737-4 mm., n° 1-4959, was thus obtained. Repetition of this treatment 
gave the sample used, b. p. 136-0°/740-5 mm. with unchanged refractive index (lit.; x3?” 
1-4959).* 

isoPropylbenzene. A sample obtained from Messrs. Boots Ltd. was similarly treated except 
that the earlier distillations were carried out under reduced pressure. The fraction, b. p. 
44°/15 mm., was purified as above by freezing (twice) and distillation over sodium to give, 
finally, a sample, b. p. 152-5°/750-6 mm., nj” 1-4914 (lit.; b. p. 152-6—152-8°/759 mm., 2” 
1-4930), unchanged by further treatment. 

tert.-Butylbenzene. Similar purification of a sample from Messrs. Kodak Ltd. gave a fraction, 
b. p. 54-5—56°/15 mm., which, by subsequent treatment as above, afforded the sample used, 
b. p. 170-0°/772 mm., nz” 1-4929 (lit.; m3” 1-4969). 

p-tert.-Butylioluene. A sample, b. p. 74°/14 mm., prepared (by Verley’s method) for 
previous investigations (Baker and Nathan, J., 1935, 1840) was similarly purified to give, 
finally, a sample, b. p. 189-8°/746 mm.; nj” 1-4922. 

Methylcyclohexane. A sample from Schuchardt, distilled over sodium, b. p. 101°/730 mm., 
was hydrogenated in emulsion in dilute acetic acid by means of Adams’s catalyst. No appreciable 
absorption of hydrogen occurred in 24 hours. After removal of the catalyst, the product was 
neutralised with sodium carbonate, extracted with pure ether, and the extract well washed with 
aqueous sodium carbonate and water, and dried over anhydrous potassium carbonate. The 
residue obtained after removal of the ether through a column was repeatedly fractionated over 
sodium, a short column and a bath being used, to give finally a sample, b. p. 101-2°/746 mm., 
ni” 1-4230 (lit.; mn” 1-4235). 

Ethylcyclohexane. Ethylceyclohexylcarbinol, b. p. 65—68°/10 mm., prepared in the usual 
manner from 39-2 g. of pure cyclohexanone, 44 g. of ethyl bromide, and 9-6 g. of magnesium 
in 150 c.c. of ether, was dehydrated by heating with 10—20 g. of powdered zinc chloride on a 
water-bath for 0-5 hour. 1-Ethyl-A’-cyclohexene, isolated in the usual manner by ether 
extraction, was obtained (22 g.) with b. p. 135°/747 mm. after fractionation over sodium. The 
unsaturated hydrocarbon (11 g.) was readily reduced by hydrogen and Adams’s catalyst in an 
emulsion with a few c.c. of aqueous acetic acid at room temperature (H, absorbed, 2300 c.c. 
Calc.: 2240 c.c.). The united products from two runs, obtained by ether extraction from 
the neutralised reaction mixture after removal of the catalyst and drying with potassium car- 
bonate, were fractionated over sodium (column and bath). The fraction, b. p. 130-5—131°/731 
mm. (15 g.), was shaken with aqueous sodium carbonate and 3% potassium permanganate and, 
after standing for several days, was extracted with ether, washed, dried, and repeatedly fraction- 
ated over sodium. The sample used had b. p. 131-2°/742 mm., nj” 1-4332 (lit.; 3° 1-4324). 

isoPropylcyclohexane. This was obtained by catalytic reduction of isopropylbenzene (12 
g.) in an equal volume of dilute acetic acid, Adams’s catalyst being used. The product, isolated 
as above, was rehydrogenated with fresh catalyst (no appreciable absorption of hydrogen) and 
purified in the same manner. The sample used had b. p. 151°/753-5 mm., np” 1-4440. 

tert.-Butylcyclohexane. Thesample, b. p. 55°/14 mm., obtained by the initial hydrogenation 
of tert.-butylbenzene was again hydrogenated and isolated and purified in the same manner to 
give a specimen, b. p. 168-2°/752 mm., nj” 1-4468 (lit.; b. p. 166—167°, np” 1-4556). 

In all cases before determination of the dipole moments the final specimens were left sealed 
over fresh sodium for approximately two years, during which period the sodium remained 
bright. 

Calibration of Gas Cell Capacity.—The cell was calibrated with dry air and carbon dioxide, 
and the value for the replaceable capacity (C,) further checked by a measurement with chloro- 
benzene vapour derived from some of the material used in the determination of its polarisation 
in the vapour state. The values taken for the three polarisations were 4-368, 7-317, and 
82-55 c.c. (at 369-9° kK.) for air, carbon dioxide, and chlorobenzene respectively (cf. Groves and 
Sugden, J., 1934, 1095). 

From the relations « — 1 = 8C/C,, where 8C = increase in capacity of the cell upon 


* Determination of n>” (Abbé refractometer) was used as a joint control, with the b. p., in the final 
stages of purification. The final values sometimes differ slightly from those in the literature, but since 
no corresponding redeterminations of d} were carried out, they have not been employed in the calcula- 
tion of Pg. In any case the differences which would be introduced in the value of yw are of the same 
order as the experimental error. 
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admission of a dielectric of constant e, and P = (e — 1)RT/3p, where T = absolute temperature 
and p = pressure of the dielectric vapour, we have C, = 1057.8C/4-81Pp, and as 8C = 
0-1862% pur., where = micrometer reading in mm. (cf. Part I), C, = 387l4T/Pp. 


Gas. Fj Mts > (mm.). # (mm.). Co (wpF.). 
DED) . Rilide sidthabic arddictsicreesiesies 292-0 764-2 0-364 * 123-6 
Carbon dioxide ............cseeeeeee 292-0 123-6 


764-7 0-611 j . 
CRIGEODER BOTS 200000000000 000c00e00 369-9 165—190 1-169—1-345 f 123-2 
* Mean of 8 determinations. { Mean of 6 determinations. { 4 Determinations within this range. 


The value taken for C, is 123-6 uyr., and substitution in the last equation gives P = 
31:32T%/p, which is the equation used for all subsequent calculations of the total polarisations. 

In the determinations which follow, all the vapour pressures used gave readings for x in 
excess of 0-250mm. ‘This figure was approximately that required to give the 100-cycle change in 
frequency quoted in Part I and was known to be reproducible to + 0-001 on any part of the 
condenser scale. It is therefore a suitable minimum permissible reading, as its determining 
accuracy for P is still slightly better than 1%. 

The following is a summary of the data obtained, all values of u being in Debye units 
(e.s.u. X 107%). 


Alkylbenzenes. 


Pressure Mean P, Pressure Mean P, 
T, °K. range, mm. c.c. ‘ T, °K. range, mm. c.c. 
Toluene. Ethylbenzene. 
349-4° 80—105 33-2 349-0° 70— 80 41-8 
370-2 165—175 33-1 0-37 369-6 80—100 41-5 0-58 
412-0 185—285 32-8 411-5 110—130 40-9 
456-0 175—210 32-7 455-0 110—135 40-4 
The Debye-curve equation calculated by the The Debye-curve equation calculated by the 
method of zero sum gives p = 0-37 and Pa,z = method of zero sum gives p = 0-58 and Pa,z = 
30°8 c.c. 35-8 c.c. 
isoPropylbenzene. tert.-Butylbenzene. 
349-2 * —— — --- 412-0 75— 95 58-1 (0-85) 
369-0 55— 80 52-8 (0-75) 456-0 100—170 54-5 0-73 
411-0 135—230 49-7 0-66 477-0 70—135 53-5 0-68 


455-0 90—135 48-7 0-64 Mean 0-70 
Mean 0-65 


The moments are calculated individually, it Pn (calc. as for PhPr?) =47-3c.c. The result 
being assumed that Pa;z = 1-05, Pg(D) = 43-1 at 412-0° is probably too high for the same 
c.c. (Groves and Sugden, J., 1935, 971). The reason. 
result at 369-0° is probably too high on account 
of saturation pressure effect. 


p-tert.-Butyltoluene. 
477-0 128-1 63-5 477-0 75-8 56-0 
116-9 60-5 as Zero 54-4 
102-3 58-1 pressure (Extra- 
polated) 


Paz (calc. as above) = 52-4c.c. Results at lower temperatures showed pronounced 
saturation pressure effect. 


Alkylcyclohexanes. 
Methylcyclohexane. isoPropylcyclohexane. 
100—140 33-0 0 390-5 70 43-3 
110—165 33-0 455-5 100—115 43-3 
Ethylcyclohexane. tert.-Butyleyclohexane. 


95—140 39-9 0 411-0 65— 95 49-9 
95—140 40-0 455-5 s80—110 49-9 


* Smallest pressure giving satisfactory + was too near saturation. 


DISCUSSION OF RESULTS. 


Our value of u for toluene agrees exactly with that obtained in the vapour phase by 
McAlpine and Smythe (J. Amer. Chem. Soc., 1933, 55, 453). No previous data are 
available for the values of u of the other alkylbenzenes in the vapour phase. Le Févre, 

4F 
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Le Févre, and Robertson (J., 1935, 480), from measurements in solution, obtained p = 0-53 
for tert.-butylbenzene, a value considerably lower than that (0-70) which we have obtained 
in the vapour phase. The higher value is in better agreement with that observed for 
p-tert.-butyltoluene, for which these authors obtained p = 0-35, in good agreement with 
our value of 0-39 in the vapour phase and with the value calculated from our data for 
toluene and #ert.-butylbenzene, viz., 0-70 — 0-37 = 0-33. The value of p for p-¢ert.-butyl- 
toluene is thus not ‘‘ unexpectedly high ’’ and requires no special explanation such as 
that suggested by Le Févre etal. The validity of the additive principle in this case justifies 
its application to other p-dialkylbenzenes, and its application gives the values up = 0-28 
(0-65 — 0-37) and up = 0-21 (0-58 — 0-37) for p-cymene and #-ethyltoluene, respectively. 
These values are again somewhat higher than those observed by Le Feévre e¢ al., viz., 0-15 
and 0-12 (or “ zero within the experimental error ’’) in solution. 

As expected, the corresponding alkylcyclohexanes all possess a zero moment, thus 
indicating that the dipoles in the alkylbenzenes arise from the polar effect of the alkyl 
groups upon the aromatic electronic system. 

The significance of the new data in the elucidation of the polar effects of alkyl groups 


is discussed by one of us in the following paper. 
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252. The Polar Effects of Alkyl Groups. 


By JoHN W. BAKER. 


The values of the dipole moments of toluene, ethyl-, isopropyl-, and ¢ert.-butyl-ben- 
zene (preceding paper) are interpreted on the basis of an inductive electron-release effect 
(+ 7) for alkyl groups increasing in the order Me< Et < Pr® < Bu”, on which is 
superimposed a mesomeric electron-release (+ M) of the Baker—Nathan type (J., 1935, 
1844) which decreases in the order Me > Et > Pr® > Bu” but is of minor importance 
in the ground state of the molecule. In the transition state, in reactions which require 
electron-accession, the Baker—Nathan effect may be greatly enhanced (+ £) and so 
assume the dominating réle. 

Using the correlation between the electron-release effects of substituent groups and 
energy levels contemporaneously being put forward by Hughes, Ingold, Masterman, 
and MacNulty, it is shown that the results of Baker, Nathan, and Shoppee for the effect 
of alkyl groups on the prototropic mobility of the methyleneazomethine system (J., 
1935, 1847) and those of Evans on the acid-catalysed prototropy of the ketones 
CH,R-COPh (J., 1936, 785) may be adequately explained on the basis of the combined 
polarisation and polarisability effects of alkyl substituents in the ground and transition 


states. 


Muck attention has recently been focused on the relative electron-release capacities of 
alkyl groups. Baker and Nathan (J., 1935, 1844) provided the first experimental evidence 
that the order of increasing electron-release H < Me < Et < Pr® < Bu’ based on the general 
inductive effect (+ J) is sometimes upset. The extreme velocity differences in the series 
of p-alkylbenzyl bromides were small but their relative magnitudes indicated a total 
electron-release decreasing in the order {Me > Et > Pr® ~Bu’}>H for a reaction 
which requires electron-accession towards the side chain (Ingold and Rothstein’s Class A). 
The difference between Pr’ and Bu” was within the experimental error but the main trend 
suggested a complete inversion of the general inductive order amongst the individual alkyl 
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groups combined with retention of the theoretical position of the series as a whole relative 
to hydrogen. 

In explanation of their kinetic results Baker and Nathan (loc. cit.) suggested an extension 
of the modern theory of resonance by assuming that the shared electrons of the H-C bond, 
attached to a suitably conjugated system, could also be involved in a resonance hybrid thus 


Pay Paet ury 
H—C—C—C—C—C—,, the electron distribution of such a grouping being that 
which would result from resonance between structures of the types H°C*C:C-C:C> (I) and 


HC:C-C:C-C (II). Since each of the H-C bonds of the saturated carbon could thus function, 
this assumption provides a mechanism of electron-release (of the tautomeric type) which 
would decrease in the order Me > Et > Pr® > Bu’. 

Subsequently a considerable volume of evidence has been accumulated showing a partly 
inverted order for some members of the series. The significance of this evidence is discussed 
(and references are cited) in a parallel communication about to be published by Hughes, 
Ingold, and Taher, who have now obtained decisive evidence for the existence of the Baker- 
Nathan effect in a Class A reaction for which theory predicts its dominating importance.* 

Baker, Nathan, and Shoppee (J., 1935, 1847) have also shown that the inverted order 
of electron-release is maintained by three of the groups in the series, viz., Me > Pr? > Bu’, 
in the retardation of a Class B reaction, 7.e., in one which is uniformly facilitated by elec- 
tron-recession from the reacting centre. The incomplete character of this evidence demands 
caution in making theoretical deductions (cf. Hughes, Ingold, and Taher, loc. cit.), but it is 
a pointer to the inclusion of a permanent, mesomeric component (polarisation effect) in 
the electron-release mechanism suggested by Baker and Nathan. It was recognised 
(Baker, J., 1937, 1775) that the importance of the dipolar type (II) in the resonance hybrid, 
probably large in any appropriate reaction, might yet be small in the ground state of the 
molecule. The results now obtained for the dipole moments of the alkylbenzenes in the 
vapour phase (preceding paper) substantiate this view and permit a more comprehensive 
discussion of the whole problem in the light of recently accumulated evidence. 

The observed zero moments for all the cyclohexanes, combined with the known absence 
of a dipole moment in benzene itself, show that the moments of the corresponding alkyl- 
benzenes must arise from electron displacement in the aromatic electronic system stimu- 
lated by the polar effect of the alkyl substituent. These moments fall into a regular series 
the order of which is that anticipated from the general inductive effects of alkyl groups. 
This result confirms the anticipation that the Baker—Nathan effect is unable to annul the 
usual inductive-effect order in the ground state of the alkylbenzene molecule, but the 
experimentally observed sequence for the values of u is quite consistent with the simui- 
taneous operation of both electron release mechanisms. This is illustrated in Fig. 1, where 
values, purely arbitrary in magnitude but in the correct relative order, are assigned to the 
electron-release by the inductive (Bu” > Pr? > Et > Me) and the Baker-Nathan 
mechanism (Me > Et > Pr® > Bu’), respectively, in units such that the numerical value of 
the total electron-release is » x 107. Since the electron-release by the Baker-Nathan 
mechanism is dependent on the number of H-C linkings which are conjugated with the 
aromatic nucleus, the relative magnitudes of this effect have been denoted by 30, 20, 10, 
and 0 for Me, Et, Pr’ and Bu’, respectively. With the arbitrarily assigned values for the 
corresponding inductive effects (7, 38, 55, 70), the total electron-release (37, 58, 65, 70) 
follows the sequence which is experimentally observed. 

The clear-cut evidence now obtained by Hughes, Ingold, and Taher (loc. cit.) confirms 
the indication given by the almost completely inverted velocity order {Bu’ ~ Pr® < Et < 
Me} > H observed by Baker and Nathan (oc. cit.) that, for Class A reactions, electron- 
release by the Baker-Nathan mechanism may sometimes assume the dominating réle. 
In this respect it closely resembles the tautomeric (+ 7) effect of the halogens (cf., inter 
alia, Ingold and Shaw, J., 1927, 2918; Baker, J., 1936, 1448; Bird and Ingold, J., 1938, 

* The author is greatly indebted to Professor C. K. Ingold for private advance information of these 


results and of the theory correlating electron-release with energy levels (p. 1152) which has made possible 
this more comprehensive discussion of the significance of the dipole-moment data obtained by Baker 


and Groves. 
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918) where the incursion of polarisability effects (+ E) in reaction may upset the uniform 
order observed when only polarisation effects (— I, + M) are operative. 

This view of the polar effects of alkyl groups readily accommodates most of the available 
experimental data, but the results obtained for the effects of p-alkyl substituents on the 
prototropic mobility of the methyleneazomethine system (Baker, Nathan, and Shoppee, 
loc. cit.) require a more detailed explanation. The essential feature of this reaction is that 
it is uniformly facilitated by electron-recession from the triad system and, conversely, is 
retarded by electron-accession towards this system. It must be emphasised that this 
conclusion is based upon the experimentally determined effects on velocity of p-substituents 
such as NMe, (retardation) and NO, or halogen (facilitation). It is thus in no way in- 
validated by Hsii, Ingold, and Wilson’s proof (J., 1935, 1778) that the prototropic change 
proceeds by a termolecular mechanism involving the tautomeric molecule, an ethoxide ion, 


and a molecule of alcohol: the mesomeric ion C,H,R-CH--N CHPh, the formation of 
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which by ionisation of the mobile hydrogen was assumed by Shoppee (J., 1933, 1117) to 
be the rate-determining stage, is never kinetically free. 

It was found that the retardation of this reaction by p-alkyl substituents was in the order 
Me > Pr® > Bu’: the results are summarised in the following table. 


R= NMe,. | Me. Et. Pr8., Bu’. 
hk, + hy (hrs) 0-054 | 0-322 — 0-47 0-60 
p X 10-18 of PhR (e.s.u.) ....... + 139 | 0-37 0-58 0-65 0-70 
It will be noticed that Shoppee’s conclusion, that the values of k, + , run parallel to 
the dipole moments of the compounds PhR, is not valid for the individual alkyl substituents 
within the group as a whole, but an electron-release, decreasing in the order Me > Pr? >Bu’, 
is experimentally indicated. Assuming, as is now generally accepted, that the polar 
character of groups affects mainly the energy of activation E of a reaction, this implies a 
series of activation energies Ey < Ey, > Epp > Eguy. 
Explanation of these results is made possible by the application of a theory contempor- 
aneously being put forward by Hughes, Ingold, Masterman, and MacNulty (private 
communication from Professor C. K. Ingold; cf., Ingold, Nature, 1938, 141, 314) which 
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correlates the relative magnitudes of electron-release with the relative energy levels in the 
molecule. These have already been discussed for the ground state of an alkyl-substituted 
benzene nucleus, but in evaluating the energies of activation the electronic energy levels 
in the transition state must also be considered. Since the reaction is one which requires 
electron-recession from the side chain to the nucleus, it is probable that, in the transition 
state, electron-accession by the Baker-Nathan mechanism (++ T) will be so greatly reduced 
as to become almost negligible. The energy levels will be determined essentially by an 
inductive effect, possibly also diminished, but to a smaller extent. An attempt is made 
to illustrate this in Fig. 2, where energy is plotted as ordinates. For simplicity it is 
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assumed that, in the transition state, the Baker-Nathan mechanism is negligible and that 
the inductive effect of the alkyl substituents has been reduced to two-thirds of the arbitrary 
value assigned to it in the ground state.* The units, purely arbitrary and illustrative, are 
numerically the same as those employed in Fig. 1. On this basis the energy levels relative 
to those in the unsubstituted compound are denoted by the symbols — and ~ in the 
ground and transition states, respectively. The differences in the heights of these two 
ordinates thus represent, in the arbitrary units, the values of the energies of activation for 
the reaction in the case of each alkylsubstituent. The order is Ey < (Eye ~ Eq) > Epp > 
Ex,y, in harmony with the experimentally observed velocity order (vq > )Vy¢ < Upps < Upuy 
(v = ky + Ry). 

* The argument is in no way invalidated if the magnitude of the inductive effect is undiminished 
in the transition state. 
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This explanation illustrates the general method of approach to such problems. One 
further example of its application may be quoted. In the acid-catalysed prototropy of 
phenyl alkyl ketones, CH,R-COPh, Evans (J., 1936, 785) obtained the following values 
for E: 

R= H. Me. Et. Pre, (Pr® — CH,R). 
E (kg.-cals./mol.) ......... 20-2 22:1 22-0 21-7 22-1 


The sudden and large increase in passing from acetophenone to propiophenone, and the 
identical values observed for propiophenone and isobutyrophenone were unexpected by 
Evans and called forth a special explanation involving the co-ordination of a B-hydrogen 
atom with the unshared electrons of the oxygen of the carbonyl group. The results may 
be adequately explained on the basis of the combined polarisation and polarisability effects 
of the alkyl group CH,R. 

The reaction is one which experimental data, independently of any theory of mechan- 
ism, prove -to be facilitated by electron-release towards the carbonyl group. In this 
case the reference standard is the electron-release capacity of the methyl group (R = H) 
in acetophenone and, in Fig. 3, the ordinates which represent energy levels in the ground 
(—) and activated (~) states of this compound are arbitrarily chosen so that their differ- 
ence (E) is 202. The arbitrary values assigned to the electron-release by the group CH,R 
as a whole are summarised in the following table, and the differences between these values 
and the value for CH, are denoted in Fig. 3. 

Ground state. Activated state. 


Group CH,R. + I. + T. Total. Diff. + 1. + T. Total. Diff. 
gg, CRRERS ee See 7 30 37 — 7 45 52 — 
ae Ss OR 20 58 21 38 25 63 11 
ee eT aS eae 20 62 25 42 25 67 15 
NE BRR Ee SR 20 63 26 43 25 68 16 
et SR VR, EE 10 65 28 55 13 68 16 








The values assigned in the ground state are those used in the prototropy of the azome- 
thine system, those for the + J effect of Pr* and Bu* being slightly higher than that of Et. 
In the transition state, since the reaction requires electron-accession, it is to be anticipated 
that the value of the + E effect will be enhanced. Since the a-hydrogen atoms partici- 
pating in this effect are those the ionisation of which is the reaction under examination, a 
statistical factor is involved arising from the presence of three a-hydrogen atoms in CHsg, 
two in Et, Pr*, and Bu®, and only one in Pr®, and weight has been assigned to this factor in 
assessing the increases involved. 

Examination of Fig. 3 shows that, in the arbitrary units employed, the values of E for 
CH,R = Me, Et, Pr*, Bu*, and Pr® are 202 (standard), 212, 212, 212, 214, respectively. 
These are qualitatively in harmony with the experimental results, viz., a large increase in 
E occurs in passing from acetophenone to propiophenone and the values for the latter 
ketone and for isobutyrophenone are approximately equal. It is thus evident that, given 
suitable magnitudes for the polarisation and polarisability factors which are in qualitative 
agreement with theory and general experience, the results can be explained without the 
introduction of the ad hoc theory advocated by Evans. 

In the base-catalysed prototropy of the ketones, the present author prefers a mechan- 
ism based on the more usual direct attack of the basic catalyst at the ionising hydrogen. 

If this is so then the carbonyl group is only indirectly involved and 

¥\ the main effect of the group R will thus be its inductive electron- 

H X release towards the a-carbon atom (see inset). Increase in the + I 

ie effect of R would cause a small and continuous increase in the value 

R—» CH—CO:Ph of E, a conclusion which is also substantiated by the experi- 
mental observations. 

The Baker—Nathan effect is thus of the same type as the classical tautomeric effect 
(+ 7) except that, in the latter case, it arises from the participation of an unshared electron 
pair (or the x electrons of a multiple link) in a conjugated system. It may thus be denoted 
by the same symbols. Like the tautomeric effect it consists of a permanent, mesomeric 
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component (++ M) operative in the ground state of the molecule, and an electromeric 
portion (+ £) the magnitude of which depends on the electronic requirements of the 
transition state in reaction. ° 

In assessing the importance of this + T effect, it must again be stressed that the 
presence of the necessary conjugated system is of fundamental importance. Such a system 
may either be the more formal type with alternate single and multiple linkings or it may be 
completed by a group which, in the reaction, separates with its bonding electrons. It is, 
for example, important (with respect to nine H-C linkings) in the reactions of ¢ert.-butyl 
halides with nucleophilic reagents which require the separation of halide ion (I), but not 
in the corresponding p-tert.-butylphenyl derivatives (II). It would not be operative in, 


GID oN 


lay . 
CH,—C——C1 —> CMe, + C1 mea 
(II.) 


Hy, (I.) 
for example, the thermal decomposition of quaternary phosphonium hydroxides (III) 
(Fenton and Ingold, J., 1929, 2342; Hey and Ingold, zbsd., 1933, 531), in the acid and the 


’ 4 se = 
H—CH,—PR,—O—H > R,P—O + {CH, H} (II1,) 
KY tte 


(IV.) 


N 


H—CH,—-O—CR(OH)~0-> CH,O + RCO,H)—Y) 


Pee Y a - + 
H~ CH,—HgR Cl—H-> RHgCl + {CH, H} (Vt) 


alkaline hydrolyses of alkyl esters, (IV) and (V) respectively (Ingold and Ingold, J., 1932, 
756), or in the fission of mercury dialkyls with hydrochloric acid (VI) (Kharasch and 
Flenner, J. Amer. Chem. Soc., 1932, 54, 674). In all these reactions the normal 
order of inductive electron-release, Me < higher alkyl, is observed, and it is the absence 
of the system necessary for the operation of the Baker—-Nathan effect which, in the 
author’s opinion, determines this result, not the fact that the alkyl group is directly 
involved in the reaction (Ayling, J., 1938, 1014). 

Summarising, the resultant polar effects of primary, secondary, and tertiary alkyl 
groups are regarded as being dependent jointly on the following factors : 

(1) An inductive, and inductomeric, effect (+ J) increasing in the order Me < Et < 
Pré < Bu’. 

(2) A tautomeric electron-release, decreasing in the order Me > Et > Pr® > Bu’, of 
the type suggested by Baker and Nathan, which is of minor importance in the ground 
state of the molecule (+ M) and in reactions which require electron-recession from the 
reaction centre, but which may assume the major réle in reactions which require electron 
release (+- E), always providing that the appropriate system be present. 

(3) A purely steric (spatial) effect increasing in the order Me < Et < Pr® < Bu” when 
the alkyl group is substituted directly at the seat of the reaction. 

Discussion of the effect of alkyl groups conjugated with a carbonyl group is reserved 
until the completion of investigations, at present in hand, on the cyanohydrin reaction of 


p-alkylbenzaldehydes. 


The author thanks the Royal Society for a grant. 
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253. The Resolution of Phenylmethylcarbinol. 
By E. Downer and-J. KENYON. 


dl-Phenylmethylcarbinyl hydrogen phthalate is readily resolved into the d- and 
the /-form by means of brucine in acetone. 


Tuts useful alcohol has been obtained in optically active forms by several investigators 
(Houssa and Kenyon, J., 1930, 2260; Ott, Ber., 1928, 61, 2139; Pickard and Kenyon, 
J., 1911, 99, 45), but as the available methods are tedious and yield only one optically 
active form, we re-examined the problem and eventually devised the following simple 
procedure. 

Brucine (73 g.) was dissolved in a warm solution of di-phenylmethylcarbinyl hydrogen 
phthalate (Houssa and Kenyon, Joc. cit.) (50 g.) in acetone (170 c.c.) and left overnight. The 
crystalline material [55 g., m. p. 140° (decomp.)] which separated was recrystallised twice from 
the minimum amount of hot methyl acetate and obtained in needles [36 g., m. p. 153° (decomp.)] ; 
a further 5 g. were obtained from the methyl acetate mother-liquors. This salt (41 g.), when 
decomposed with dilute hydrochloric acid, yielded a hydrogen phthalate (16 g.), m. p. 82°, 
[*]see1 — 74°1° (i, 2; c, 5) in carbon disulphide. This was dissolved in cold carbon disulphide 
(30 c.c.) and left overnight in an uncorked flask; the solution was then decanted from the 
hard crystals of dl-hydrogen phthalate which had separated, warmed, and diluted with light 
petroleum. The optically pure /-phenylmethylcarbinyl hydrogen phthalate separated in 
clusters of fine needles (12-5 g.), m. p. 86°. Rotatory powers are in the Table. 

The acetone mother-liquor from which the main portion of the brucine salt had been re- 
moved deposited, on scratching, a crop of very fine, crystalline material, m. p. 83—86° (decomp.). 
This (60 g.), after being twice recrystallised from acetone, was obtained in very small, irregular 
crystals (35 g.), m. p. 105° (decomp.); from the mother-liquors a further 10 g. were obtained. 
This salt (45 g.) yielded a hydrogen phthalic ester (18 g.) with [a]5,,, + 62-4° in carbon 
disulphide, from which by recrystallisation as described above, optically pure d-phenylmethyl- 
carbinyl hydrogen phthalate (10 g.), m. p. 86° and [a]xgg, + 79-1° (7, 2; c, 2-8) in carbon 
disulphide, was obtained. 

The combined yields of optically pure ester are about 50%. 


Specific Rotatory Powers of \-Phenylmethylcarbinyl Hydrogen Phthalate in Various Solvents at 
Room Temperature (1, 2). 
[a] sess- [a] s280- [4] seor- [a}asse- 
—65-8° —70-0° —79-9° —138-2° 
— 63-4 — 67-5 —78-3 — 134-5 
—15-8 — 17-20 —19-9 — 23-2 
—15-1 — 15-6 —16-0 — 18-0 
+16-8 +19-0 +20-5 + 49-2 
+36-5 +40-0 +45-3 + 96-4 


These widely varying rotatory powers lie closely on a single characteristic diagram (compare 
Lowry’s ‘‘ Optical Rotatory Power,” p. 418). 

The /-hydrogen phthalic ester on hydrolysis with 5N-sodium hydroxide (2-5 mols.) yielded 
l-phenylmethylcarbinol, b. p. 93°/14 mm., in quantitative yield; its observed rotatory powers 
are (J, 0:25; ¢, 17°): 


A | ceric cdvcccssoedocsssiscicess CERB 5893 5780 5461 4358 
BD, vocccanencenepecesepssvnyecsse) | “OR, —11-04° — 11-53° —13+15° — 22-69° 


Thanks are expressed to the Government Grant Committee of the Royal Society and to 
Imperial Chemical Industries Ltd. for grants. 
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254. Curare Alkaloids.. Part IV. Bebeerine and Tubocurarine. 
Orientation of Phenolic Groups. 


By Harotp KInc. 


The object of this investigation was the determination of the relative position 
of methoxy- and hydroxy-groups in bebeerine. This has been achieved by ethylating 
the two free phenolic groups and degrading the O-ethylbebeerine so obtained by a two- 
stage Hofmann process to two isomeric tricarboxymethoxyethoxydiphenyl ethers. 
Both of these have been synthesised as well as a dimethoxy-acid corresponding to 
one of them. The constitution of bebeerine has therefore been completely determined 
and the methods used are applicable to the related substance tubocurarine. 


TUBOCURARINE chloride, the active principle of tube-curare, and the methochloride of 
bebeerine, a prominent alkaloid of Radix Pareire brave, are diastereoisomeric bisbenzyliso- 
quinoline alkaloids to which the constitution (I) has been attributed (King, J., 1936, 1276), 
where two of the groups R are methyl and two are hydrogen. Both alkaloids thus contain 
two phenolic groups and two methoxy-groups, but the exact relative orientation of these 
is unknown except that a catechol arrangement of phenolic groups is excluded. A study 
of the Millon reaction, however, (King, J., 1937, 1481) had suggested that one phenolic 
group in both alkaloids was present in the position of OR, (I). 


Hy, 


H 
Me,Cl 
not a 


R,O 


se a R, O,H 
‘ 0. : RIL JcOzH 
CH, a O OR, \ On 45 
CH: ~ a eo CO,H 
| | CH,; ate fgg?! COM 
2 


(II.) (III.) (IV.) 


In this present work the device of ethylating the free phenolic groups used effectively 
by Spath for marking the position of phenolic groups in simpler #soquinolines has been 
utilised. The sodium salt of bebeerine was ethylated with ethyl iodide to give amorphous 
0-ethylbebeerine, which in turn was converted into the quaternary methiodide and metho- 
chloride, both of which were also amorphous. O-Ethylbebeerine methochloride was then 
subjected to a two-stage Hofmann degradation and gave finally crystalline O-ethylbebeerilene 
(II). When this neutral substance was oxidised first in acetone solution and then in aqueous 
medium with potassium permanganate, it furnished a mixture of two acids, each with a 
formula C,,H,,O, (III and IV), and each containing therefore one methoxy- and one ethoxy- 
group. Since decarboxylation of an acid such as (IV) would give a 2-methoxy-2’-ethoxy- 
diphenyl ether which would not be diagnostic of the positions of the ethoxy- and methdxy- 
groups in the parent acid (IV), it was necessary to synthesise this acid. It was decided 
to rely on the validity of the deductions made from the Millon reaction mentioned above 
and synthesise the acid in which OR, was OEt and OR, was OMe. The intermediates for 
this synthesis were not very accessible substances, but eventually a practical method of 
approach was found. 

When o-4-xylenol was coupled in alkaline solution with diazotised aniline, it gave a 
mixture of two isomeric azo-compounds, of which 2-hydroxy-4 : 5-dimethylazobenzene 
was the major constituent. Following a method used by Grewe (Ber., 1938, 71, 911), 
this was methylated, giving (V), which was reduced by sodium hyposulphite. Aniline 
and 2-methoxy-4 : 5-dimethylaniline (VI) were obtained, but the low yield of the latter 
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precluded use of this route to the required substituted phthalic acid. The cause of the 
low yield was traced to the formation of a substance which is in all ee 4’-amino- 


MeO 
PhN, 


(V.) (VI.) ea: ) 


3 : 4-dimethyldiphenylamine (VII), a semidine transformation having occurred with loss of a 
methoxy-group. The other alternative, also used by Grewe, for obtaining 4-methoxy- 
phthalic acid was eventually adopted, namely, methylation of o-4-xylenol and oxidation 
of the methyl ether to 4-methoxyphthalic acid. This was nitrated by the method of Cain 
and Simonsen (J., 1914, 105, 163) as modified by Grewe and the two isomeric nitro-com- 
pounds were separated by esterification as recommended by these authors. A quantity 
of methyl 5-nitro-4-methoxyphthalate (VIII) was accumulated in this way and then reduced 
catalytically with palladised charcoal as catalyst to methyl 5-amino-4-methoxyphthalate, a 
by-product being the corresponding azoxy-compound. The amino-group was readily 
replaced by iodine, giving methyl 5-iodo-4-methoxyphthalate (IX) in good yield. When 


OMe CO,H 


Me CO,Me Me ‘@:: Me 
NO, CO.Me I oC Rea 
O,Me Me 


(VIIT.) (IX.) (X.) (XI.) 


this was condensed with the potassium derivative of methyl ssovanillate (X) in presence of 
copper powder, a mixture of three acids was obtained. These were identified as veratric 
acid, 4-methoxyphthalic acid, and 4 : 5 : 5’-tricarboxy-2 : 2’-dimethoxydiphenyl ether (XI). 
The last-named acid was identical with an acid obtained by the degradation and oxidation 
of O-methylbebeerine (King, J., 1936, 1276). The synthesis of this acid completed the 
proof of the constitution of O-methylbebeerine as distinct from O-ethylbebeerine, since the 
acid (III, R, = R, = Me) had already been synthesised by Faltis and Frauendorfer (Ber., 
1930, 63, 811). The formation of veratric acid is noteworthy and the reaction by which it 
arises has been studied (this vol., p. 1168). 

A similar method of condensation was now applied, methyl 3-hydroxy-4-ethoxybeggogte 
(XII, M = H) being used instead of methyl tsovanillate. 3-Hydroxy-4-ethoxybenzoic acid 
was prepared by oxidising ethyl isoeugenol in aqueous acetone with potassium permanganate 
to O-ethylvanillic acid (XIII) and demethylating this by ‘ku hydrobromic acid (d 1-3) ; 


OEt OEt 


OM OMe ae CO,H 
CO,H 


CO,Me CO,H 

(XII.) (XIII) y Ha ) 
some protocatechuic acid also was formed. Incidentally a simple method is described for 
preparing protocatechuic acid in very good yield by demethylating vanillic acid. 

When the potassium derivative of methyl 3-hydroxy-4-ethoxybenzoate (XII, M = K) 
was condensed with methyl 5-iodo-4-methoxyphthalate (IX) in presence of copper powder, 
a mixture of four acids was obtained. These were identified as 3-methoxy-4-ethoxybenzoic 
acid, 4-methoxyphthalic acid, m-hemipinic acid, and 4: 5: 5’-tricarboxy-2-methoxy-2’- 
ethoxydiphenylether (XIV). This acid proved to be identical with one of the acids obtained 
in the degradation and oxidation of O-ethylbebeerine. This synthesis fixes the position of 
one phenolic group at OR, in (I) and incidentally lends support to the reliability of the 
deductions made from the Millon reaction. 

The constitution of the remaining isomeric acid (III) obtained in the degradation of 
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0-ethylbebeerine could have been settled in a simple manner by decarboxylation, since the 
isomeric methoxyethoxydiphenyl ethers were synthesised for this purpose (following 
paper). Unfortunately, with the amount of natural acid available, decarboxylation did 
not proceed smoothly and attention was therefore turned to synthesis. The preparation 
of the required acid was facilitated by making use of methyl 5-iodo-4-methoxyphthalate 
(IX) which had been used in the above described syntheses. 

When this ester was boiled with 50% sodium hydroxide solution, the parent acid was 
recovered unchanged, but if a little copper powder was added, the iodine was quantitatively 
removed by brief boiling with 20% sodium hydroxide solution, giving O-methylnor-m- 
hemipinic acid (XV) in good yield. This was brominated by a modification of a method 


CO,H 


Qa wil Os »Me t. (Sin 
CO,H CO,.H~ = EtO CO,Me MeO! 
OEt © 

(XV.) pond (XVII) (XVIII) 
described by Faltis and Frauendorfer (Ber., 1930, 63, 811) to give 3-bromo-4-hydroxy-5- 
methoxyphthalic acid (XVI). The dimethyl ester of this acid was readily ethylated by 
diazoethane to yield methyl 3-bromo-5-methoxy-4-ethoxyphthalate (XVII). When this 
ester was condensed in the usual manner with the potassium derivative of methyl 
p-hydroxybenzoate, it gave a mixture of acids from which anisic acid, 4~-methoxy-5-ethoxy- 
phthalic acid, and 5:6: 4’-tricarboxy-3-methoxy-2-ethoxydiphenyl ether (XVIII) were 
isolated. The last-named acid proved to be identical in all respects with one of the two 
acids obtained by degradation of O-ethylbebeerine. 

These syntheses therefore fix the positions of the phenolic groups in bebeerine and its 
structure must be represented by (XIX), both 
of the phenolic groups being in one of the 

H, NMe BAT ‘ Cinguient henayilaogiiadiine aiectenes, Tubo- 

curarine chloride, on the basis of the Millon 
reaction, has one phenolic group on the central 
benzene ring as in bebeerine, but the position of 
the other cannot be ascertained without access 
to more material. A position for the second 
phenolic group similar to that occupied by the second phenolic group in bebeerine is not 
excluded on the evidence at present available. 


(XIX.) 


EXPERIMENTAL, 


O-Ethylbebeerine.—Bebeerine base (18 g.), purified by crystallisation of the hydrochloride 
to constant rotation, when dissolved in hot absolute ethyl alcohol (75 c.c.) readily crystallised. 
Sodium (1-5 g.) in absolute alcohol (100 c.c.) was added, and the mixture heated until the sodium 
salt almost completely dissolved. Ethyl iodide (7-5 c.c.) was then added, and the solution 
boiled for 3hours. The alcohol was removed, and the residue treated with 2n-sodium hydroxide 
and chloroform. ‘The combined chloroform extracts were washed with alkali to remove phenolic 
fractions and evaporated, the last trace of solvent being removed by addition of methyl alcohol 
and re-evaporation (yield, about 28-2 g.). Examination of the phenolic fraction showed that 
ethylation was almost complete. 

O-Ethylbebeerine Methiodide.—The O-ethyl base in methyl alcohol (30 c.c.) was boiled with 
methyl iodide (15 c.c.) for 7 hours. On removal of the solvents the methiodide was left as a 
gum. which could not be crystallised. It was sparingly soluble in hot water and separated in 
circular isotropic globules. The hot aqueous solution was treated with excess of silver chloride, 
and O-ethylbebeerine methochloride obtained as a syrup which showed no signs of crystallisation. 

Hofmann Degradation.—The syrupy methochloride was boiled with 20% sodium hydroxide 
solution (220 c.c.) for 100 minutes. The methine or mixture of methines (21-1 g.) was completely 
soluble in chloroform and on removal of the solvent was remethylated by boiling in methyl 
alcohol (20 c.c.) with methyl iodide (10 c.c.) for 4 hours. The product crystallised readily in 
plates when cold, but was not further characterised. The solvents were removed and the 
residue, suspended in a large volume of hot water, in which it was sparingly soluble, was digested 
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with freshly precipitated silver chloride (from 15 g. of silver nitrate). The methine metho- 
chloride so obtained was readily soluble in water and its aqueous solution (220 c.c.) was boiled 
with sodium hydroxide (40 g.) for 100 minutes. Trimethylamine was evolved and was collected 
in 3n-hydrochloric acid and characterised. The crude O-ethylbebeerilene, which had separated 
as a gum, was completely soluble in chloroform and on removal of this solvent crystallised readily 
on addition of a little glacial acetic acid (yield, about 20 g.). For analysis a portion (0-1 g.) was 
crystallised from glacial acetic acid, from which it separated in elongated plates, m. p. 168—169° 
(Found: C, 76-9; H, 6-2. C,,H,,O, requires C, 77-5; H, 6-2%). With sulphuric acid it gave 
an immediate cherry-red colour. 

Permanganate Oxidation.—The crude O-ethylbebeerilene, dissolved in stabilised acetone 
(1 1.), was oxidised by additon of finely powdered potassium permanganate (37-5 g.) to the 
vigorously stirred solution. The hot water extracts of the filtered manganese oxides and of the 
small residue from the evaporated acetone were combined, concentrated to 450 c.c., and treated 
on the boiling water-bath with aqueous 5% permanganate until there was a marked retardation 
in the rate of decoloration of the permanganate. The amount of the latter consumed in aqueous 
solution was 84-5 g. The filtered aqueous solution and the hot water extracts of the oxides of 
manganese were concentrated to a small volume and acidified. The precipitate, partly crys- 
talline, amounted to 5-6 g. (A) and ether-extraction of the mother-liquor gave a further 1-0 g. 
The solid (A), when extracted (Soxhlet) with ether for several days, left 1-3 g. of hydroxy-acids 
unextracted. The total ether-soluble material, which was partly crystalline, was titrated 
(phenolphthalein) and consumed 32 c.c. of N-sodium hydroxide. On this basis the neutral 
solution was transferred to a separator and fractionally acidified with eleven portions of n- 
hydrochloric acid, each 3 c.c., and extracted once with ether after each addition of acid. Each 
fraction after removal of the ether was warmed with water (5 c.c.) and kept. Fractions 1—3 
showed no signs of crystallisation, whereas fractions 4—11 all deposited crystals, usually of two 
kinds, tablets and a microcrystalline powder. The tablets were the less acidic and preponderated 
in the earlier fractions; the microcrystalline powder represented a more acidic constituent and 
tended to accumulate in the later fractions. By careful fractional crystallisation there were 
eventually obtained 1-86 g. of well-formed plates, which were soluble in 55 c.c. of boiling water 
and had m. p. 197° (efferv.) (Found: loss at 100°, 4-5. C,,H,,0,,H,O requires H,O, 4-6%. 
Found for dried material: C, 57-8, 57-6; H, 4-4, 4:5. C,,H,,O, requires C, 57-4; H, 4-3%), 
and 0-83 g. of a microcrystalline powder. The latter was dissolved in 135 c.c. of boiling water 
and separated in clusters of microscopic needles, m. p. 255° (Found: loss at 100°, 1-7. 
C,sH,,0,,3H,O requires H,O, 2-3%. Found for dried material: C, 57-8, 57-8; H, 43, 4-4 
C,gH,,0, requires C, 57-4; H, 4-3%). An attempt to decarboxylate the former acid by boiling 
with quinoline and copper was not successful. 

Action of Diazotised Aniline on 0-4-Xylenol.—o-4-Xylenol (12-2 g.) in water (1000 c.c.) 
containing sodium hydroxide (10 g.) was stirred vigorously and treated with a diazo-solution 
prepared from aniline (9-3 g.) in 3n-hydrochloric acid (83-3 c.c.) and sodium nitrite (7-6 g.) in 
water (38 c.c.) at 5—10°. The temperature of the main solution was kept down by addition of 
ice. The red azo-compound readily separated in almost quantitative yield (21-7 g.). On 
crystallisation from boiling alcohol 2-hydroxy-4 : 5-dimethylazobenzene (14-5 g.) separated. 
The mother-liquors on concentration gave mainly the isomeric 6-hydroxy-2 : 3-dimethylazo- 
benzene, which crystallised in needles, m. p. 70°, unchanged by repeated crystallisation from 
alcohol; from acetic anhydride, however, it crystallised in well-formed tablets, m. p. 69—70° 
(Found: C, 74-4; H, 6-2; N, 12-8. Calc.: C, 74-3; H, 6-2; N, 12-4%). Diepolder (Ber., 
1909, 42, 2919) describes this substance as the 3-phenylhydrazone of 1: 2-dimethyl-3: 4- 
benzoquinone, but records no m. p. 

Reductive Fission of 2-Methoxy-4 : 5-dimethylazobenzene (V1).—The corresponding phenol 
was methylated as described by Grewe (loc. cit.). The methoxy-compound (10 g.) in boiling 
absolute alcohol (100 c.c.) was treated with a freshly prepared solution of the highest quality 
sodium hyposulphite (20 g.) in water (100 c.c.) during 15 minutes. The alcohol was distilled 
off, and the colourless solution extracted with ether. On removal of the solvent the residual 
oil was fractionally distilled, first at 15 mm., aniline (1-5 g.), b. p. below 100°, and 2-methoxy- 
4: 5-dimethylaniline (1-5 g.), b. p. 130—150°, being readily separated, and then at 1 mm., a 
rapidly solidifying oil (1-5 g.) coming over at 170°. On two crystallisations from alcohol this 
base, 4’-amino-3 : 4-dimethyldiphenylamine (VII), separated in needles, m. p. 114—115° (Found : 
C, 79-4; H, 7-6; N, 13-2. C,,H,,N, requires C, 79-2; H, 7-6; -N, 13-2%). In agreement with 
the analytical figures it contained no methoxy-group. With excess of hydrochloric acid it 
formed a monohydrochloride, fine needles of a grey-blue colour, m. p. 205° (Found: C, 67-7; 
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H, 7:0; N, 11-6. C,,H,,N,,HCl requires C, 67-6; H, 6-9; N, 11-3%). Like other members of 
its class, this N-substituted p-phenylenediamine is instantaneously oxidised in aqueous solution 
by sodium nitrite, ferric chloride, iodine or bromine water with production of an intense crimson 
colour. 

O-Ethylisoeugenol.—isoEugenol (16-4 g.) in 2N-sodium hydroxide (50 c.c.) was heated to 90° 
and vigorously stirred, ethyl sulphate (15-4 g.) and 2n-sodium hydroxide (50 c.c.) run in simul- 
taneously during 20 minutes, and stirring continued for 30 minutes. When cold, the O-ethyliso- 
eugenol was collected by ether extraction; yield, 16-8 g. (compare Puxeddu, Gazzetia, 1909, 
39, i, 134). 

O-Ethylvanillic Acid.—O-Ethylisoeugenol (9-6 g.) was suspended in a stirred mixture of 
acetone (100 c.c.) and water (100 c.c.) and 3% aqueous potassium permanganate run in fairly 
quickly, about } hour being required for the first 880 c.c., and then more slowly until a pink 
colour was obtained which remained for 10 minutes. The solution was filtered, and the man- 
ganese oxides extracted twice with 0-5n-potassiunr hydroxide (225 c.c. each time) on the water- 
bath. The combined filtrates were concentrated to 250 c.c. and acidified; yield 7-6 g., m. p. 
194—195°. 

3-Hydroxy-4-ethoxybenzoic Acid.—O-Ethylvanillic acid (40 g.) and hydrobromic acid (200 
c.c.; @ 1-3) were boiled under reflux for 27 hours. Water (100 c.c.) was added, the solid (27-8 g.) 
collected, and the mother-liquor extracted with ether, which gave crude protocatechuic acid 
(6-3 g.). The solid was extracted (Soxhlet) for 16 hours with benzene, which removed crude 
parent unhydrolysed acid (2-6 g.). The residue in the bag was then warmed with 10 volumes of 
water to 50° to remove protocatechuic acid (5-7 g.). The solid left undissolved was 3-hydroxy-4- 
ethoxybenzoic acid (7-2 g.), which crystallised from about 8 volumes of boiling alcohol in clusters 
of broad leaflets, m. p. 218—219° (Found : C, 59-6, 59-6; H, 5-4, 5-5. C,H, O, requires C, 59-3; 
H, 5-5%). The methyl ester was prepared by saturating a suspension of the acid (15-8 g.) in 
dry methyl alcohol (79 c.c.) with hydrogen chloride at 0° and boiling the resulting solution for 
3 hours. On removal of the solvent, dilution with water at 0°, and addition of solid potassium 
carbonate the ester (16-3 g.) separated as a granular solid, sparingly solubleinether. For analysis 
it was recrystallised from 3 volumes of boiling ethyl alcohol and separated in large compact 
crystals, m. p. 127—-128° (Found: C, 61-5; H, 6-3. C,)H,,O, requires C, 61-2; H, 6-1%). 

Methyl iso V anillate.—isoVanillic acid (12-3 g.) (Perkin and Stoyle, J., 1923, 123, 3175) was 
esterified by saturating a solution in dry methyl alcohol (62 c.c.) with hydrogen chloride at 0° 
and then boiling it for 5} hours. The solvent was removed, the residue made alkaline with 
potassium carbonate, and the ester extracted with ether, yield 11-6 g., m. p. 64—65°. The 
alkaline mother-liquor on acidification gave unchanged isovanillic acid (1-1 g.). Methyl iso- 
vanillate crystallised from low-boiling petroleum (130 vols.) or other solvents in short rods, 
m. p. 67° (Found: C, 59-5, 59-4; H, 5-5, 5-6. Calc. : C, 59-3; H, 5-5%). Santos (Dissert., 
Munster i. W., 1929) gives m. p. 83—84°. A mixed m. p. of our methyl isovanillate with methyl 
vanillate, m. p. 64°, was depressed to 40°. Spath and Pikl (Ber., 1929, 62, 2259) used the ester 
in synthetic work but give no record of its properties. 

Protocatechuic Acid.—Vanillic acid (20 g.) was boiled under reflux for 16 hours with hydro- 
bromic acid (100 c.c.; d 1-3). Protocatechuic acid separated in long needles (15-4 g.), m. p. 
202°. The mother-liquor on dilution and extraction with ether gave a further 2-6 g., m. p. 195°. 
The acid so obtained is often coloured, but it may be obtained almost colourless by dissolving it in 
10 parts of water at 50° (charcoal) and concentrating the filtered solution under reduced pressure. 

o-4-Xylyl Methyl Ether.—o-4-Xylenol (11-2 g.) in 2N-sodium hydroxide (50 c.c.) was heated 
to 90° and into the vigorously stirred solution methyl sulphate (19 c.c.) and 2N-sodium hydroxide 
(50 c.c.) were run simultaneously. The cooled solution was extracted with ether, and the 
ethereal residue distilled; yield 11-4 g., b. p. 96—97°/17 mm. (compare Moschner, Ber., 1900, 
33, 742). 

4-Methoxyphthalic Acid.—This acid is readily obtained by a process based on that given by 
Grewe (Ber., 1938, 71, 910). o-4-Xylyl methyl ether (20 g.), suspended in sodium hydroxide 
solution (50 c.c.; 10%) ina 3-litre flask fitted with stirrer and condenser (the xyly] ether is readily 
volatile), was heated on the water-bath, and a solution of potassium permanganate (130 g.) 
in water (2000 c.c.) run in drop-wise during 5hours. After a further 2 hours’ heating, the solution 
was filtered, and the manganese oxides extracted once with 0-2n-sodium hydroxide 
(250 c.c.). The combined filtrates were acidified with concentrated hydrochloric acid (110 
c.c.) and cooled and the 5-methoxy-o-toluic acid (2-4 g.) which separated was collected. The 
mother-liquor was evaporated under reduced pressure to 450 c.c. and kept at 0°; 4-methoxy- 
phthalic acid (23-3 g.) then separated, sufficiently pure for the subsequent nitration process. 
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Nitration of 4-Methoxyphthalic Acid.—This was carried out by Grewe’s modification (loc. 
cit.) of Cain and Simonsen’s process (J., 1914, 105, 162). The methoxyphthalic acid (10 g.) was 
heated on the water-bath for 2 hours with nitric acid (30 c.c.; d 1-4), and finally boiled for 10 
minutes. The solution was diluted and extracted four times with ether, and the extracts washed 
with small volumes of water and evaporated. The crystalline residue still contained nitric 
acid, which was removed in a high vacuum over sodium hydroxide powder. The mixed nitro- 
acids (about 10 g.) were dissolved in dry methyl alcohol (10 vols.), and the solution saturated 
with hydrogen chloride at 0° and finally boiled for 2hours. After removal of the solvent, dilution 
with water, and addition of solid sodium bicarbonate the neutral crystalline ester was taken up 
in ether (400 c.c.). (With larger batches it is preferable to collect this ester by filtration.) 
The ether on evaporation gave methyl 5-nitro-4-methoxyphthalate (VIII) (5-1 g.), m. p. 114°. 
The acid ester (4-3 g.), m. p. 175°, liberated by acid from the alkaline solution, on crystallisation 
from water (100 c.c.) gave pure 2-methyl 1-hydrogen 3-nitro-4-methoxyphthalate in small flattened 
prisms, m. p. 186—187° (Found: C, 47-1, 47-1; H, 3-8, 38. C,,H,O,N requires C, 47-1; H, 
3-6%). On hydrolysis with 2n-alkali, this ester gave 3-nitro-4-methoxyphthalic acid, m. p. 
223—224° (efferv.) after crystallisation from 1-6 parts of water. Cain and Simonsen (loc. cit.) 
give m. p. 215—217°. 

Methyl 5-Amino-4-methoxyphthalate——Methyl 5-nitro-4-methoxyphthalate (8-07 g.) in 
suspension in methyl alcohol (300 c.c.) was reduced with palladised charcoal (0-3 g.) as catalyst. 
The solution was then warmed, filtered, and concentrated and gave methyl 5-amino-4-methoxy- 
phthalate (6-0 g.), which crystallised from 25 vols. of methyl alcohol in stout rods, m. p. 149° 
(Found: C, 55-6; H, 5-4. C,,;H,,;0;N requires C, 55-2; H, 55%). In some experiments a 
sparingly soluble by-product was obtained and was freed from the amino-compound either by 
fractional crystallisation or by solution of the amino-compound in warm 3n-hydrochloric acid. 
The non-basic product, methyl 5-azoxy-4-methoxyphthalate, crystallised from methyl alcohol in 
small orange-coloured rods, m. p. 175—180° to a red liquid (Found : C, 53-8, 54-0; H, 4-5, 4-4. 
C..H,,01,N, requires C, 53-9; H, 4-6%). 

Methyl 5-lodo-4-methoxyphthalate (IX).—The foregoing amino-compound (2-4 g.) was treated 
with 3n-hydrochloric acid (10 c.c.) at 0°, and the suspension of crystals of the hydrochloride 
diazotised with 10% sodium nitrite solution (7-3 c.c.). To the clear solution, potassium iodide 
(8 g.) in water (10 c.c.) was slowly added; after evolution of nitrogen ceased, the resinous solid 
which had separated gradually crystallised, the process being accelerated by warming the sus- 
pension to 50°. The methyl 5-iodo-4-methoxyphthalate (3-5 g.) was crystallised from 10 vols. ot 
80% alcohol, forming delicate elongated leaflets having a garnet-red colour in bulk, m. p. 111— 
112° (Found: C, 38-0, 38-0; H, 3-5, 3-2. C,,H,,O,I requires C, 37-7; H, 3-2%). 

Condensation of Methyl 5-Iodo-4-methoxyphthalate and Methyl isoVanillate.—Potassium 
(0-39 g.) was dissolved in dry methyl alcohol (25 c.c.), methyl isovanillate (1-82 g.), the iodo- 
ester (3-5 g.), and copper powder (0-4 g.) added, and the methyl alcohol then removed under 
reduced pressure. The residue was heated in a paraffin bath from 145° to 195° in 3 hours. 
The product was dissolved in water—ether with addition of a little sodium bicarbonate to ensure 
alkalinity. The ether was separated, and the aqueous liquor again extracted with ether. The 
combined ethereal extracts were rapidly washed thrice with n-sodium hydroxide and then with 
water. After removal of the solvent, the syrupy residue (2-85 g.) was boiled with 10% methyl 
alcoholic potassium hydroxide (50 c.c.). After dilution with water the methyl alcohol was re- 
moved and the solution acidified, yielding veratric acid (1-13 g.), m. p. 178°, identified by analysis 
and by comparison with an authentic specimen. The mother-liquor was repeatedly extracted 
with ether and the oil (1-38 g.) obtained on removal of the solvent was titrated with n-sodium 
hydroxide and phenolphthalein; it required 11-7 c.c. Accordingly, the neutralised solution 
was fractionally acidified with ten successive portions, each 1-5 c.c., of N-hydrochloric acid and 
the successive crops of acid were taken up in ether (20 c.c. each time). On removal of the solvent 
ether, fractions 1—5 crystallised readily, giving crude veratric acid. Fractions 6—10 were 
syrups which gradually crystallised. They were individually much more soluble in water than 
fractions 1—5. Fractions 8—10, on keeping in water, each deposited a finely crystalline 
precipitate of needles. These (90 mg.) were collected and combined and crystallised from boiling 
water (5-5 c.c.); a microscopic crystalline powder separated. After a second crystallisation the 
acid separated in microscopic needles (55 mg.). It melted at 268°, and when mixed with one 
of the oxidation products obtained in the degradation of O-methylbebeerine to which the con- 
stitution 4: 5: 5’-tricarboxy-2 : 2’-dimethoxydiphenyl ether (XI) has been assinged (King, 
J., 1936, 1278) and which had m. p. 264°, it also melted at 264°. The solubilities of the two 
acids in water were identical, each requiring about 60 vols. of boiling water for solution (Found 
for the air-dried acid: C, 53-0; H, 4-5; loss at 100°, 4-4. Calc. for C,,H,,0,,H,O: C, 53-7; 
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H, 4:2; H,O, 4:7%). The natural acid was previously described as occurring in two forms with 
2 or 24 molecules of water of crystallisation. Small samples of the natural and the synthetic 
acid were therefore crystallised under parallel conditions and kept for several days in contact 
with the mother-liquor and then collected and air-dried; both proved to be dihydrates (Found 
for the natural acid: C, 51-0; H, 4:6: for the synthetic acid: C, 51:2; H, 4-6. Calc. for 
C,7H,,O,,2H,O: C, 51-2; H, 46%). From the combined mother-liquors of fractions 8—10, 
4-methoxyphthalic acid (0-16 g.) was isolated, m. p. 176° (efferv.), giving an anhydride, m. p. 
93°. From the final mother-liquor a further 10 mg. of the tricarboxydimethoxydipheny] ether 
separated as a fine powder. 

When the experiment was repeated without the addition of copper powder, the only two 
products obtained were iodomethoxyphthalic acid and veratric acid. 

Condensation of Methyl 5-Iodo-4-methoxyphthalate and Methyl 3-Hydroxy-4-ethoxybenzoate.— 
Potassium (0-39 g.) was allowed to react with pure methyl alcohol (25 c.c.), and the solution 
evaporated to dryness. The iodo-ester (3-5 g.), the ethoxy-ester (1-96 g.), and copper powder 
(0-4 g.) were then added and the temperature of the mixture was raised from 120° to 196° during 
3-5hours. The neutral ester fraction (2-59 g.), isolated as described in the previous condensation, 
was hydrolysed; the acid (1-01 g.) obtained on acidification in aqueous medium proved to be 
3-methoxy-4-ethoxybenzoic acid. The acid (1:48 g.) extracted from the aqueous mother- 
liquors by ether was titrated with n-sodium hydroxide (11-2 c.c.) and then fractionated into eight 
portions of differing acidity as described above. Fractions 1—5 were each crystallised from 
alcohol and gave in every case 3-methoxy-4-ethoxybenzoic acid. Fractions 6—9 were each 
dissolved in a small volume of water and each on keeping deposited a micro-crystalline powder 
(total, 73 mg.). This required 170 parts of boiling water for solution and it then separated in 
microscopic filmy needles. It melted at 258—259° and a mixed m. p. with the natural acid from 
the oxidation of O-ethylbebeerine to which the constitution 4 : 5: 5’-tricarboxy-2-methoxy-2’- 
ethoxydiphenyl ether (XIV) must be assigned, showed no depression. The solubility of both 
acids in boiling water was also the same (Found : C, 57-1, 57-2; H, 4-2,4-3. Calc. for C,,H,,0, : 
C, 57-4; H, 4:3%). The mother-liquors of fractions 7 and 8 both gave 4-methoxyphthalic 
acid (90 mg.), and the final mother-liquor of fraction 8 also gave m-hemipinic acid (28 mg.), m. p. 
206° (efferv.), forming an anhydride, m. p. 175° (Found: C, 52-8; H, 4-4. Calc.: C, 53-1; 
H, 45%). 

O-Methylnor-m-hemipinic Acid (XV).—Methyl 5-iodo-4-methoxyphthalate (10 g.) was 
boiled for 4 hours with water (100 c.c.) containing sodium hydroxide (20 g.) and with addition 
of copper bronze (1-0 g.). The filtered solution was acidified with concentrated hydrochloric 
acid and kept at 0°. O-Methylnor-m-hemipinic acid, m. p. 203° (efferv.), anhydride, m. p. 217°, 
separated in well-formed prisms; yield, 82% (Found: C, 50-7; H, 3-9. Calc.: C, 50-9; H, 
38%). This acid does not give a Millon reaction. 

3-Bromo-4-hydroxy-5-methoxyphthalic Acid (XVI).—This acid was prepared by an improved 
modification of the method of Faltis and Frauendorfer (Ber., 1930, 63, 806). Finely powdered 
O-methylnor-m-hemipinic acid (4-24 g.) and anhydrous sodium acetate (1-64 g.) were suspended 
in pure glacial acetic acid (47 c.c.) and heated to about 80°, the acid becoming converted into the 
sodium salt. The temperature was then allowed to fall to 37°, and bromine (1-07 c.c. ;_ 1 mol.) 
in acetic acid (7 c.c.) run in slowly with vigorous stirring. The sodium salt gradually disappeared 
and the required crystalline bromo-acid and a little sodium bromide separated. The solution 
was kept at 0° to complete the separation. The acid was collected and washed with a little 
water; yield 4-4 g., m. p. 229° (efferv.). When recrystallised from 12 parts of boiling water, 
it separated in bold hydrated crystals which effloresced in the air, m. p. 233° (efferv.). The 
resolidified melt, probably the anhydride, melted at about 229°. Faltis and Frauendorfer give 
m. p. 230°. Further small quantities can be obtained from the acetic acid mother-liquor by 
evaporating it to dryness and crystallising the residue from water. This acid gives a strong 
typical Millon reaction. 

Methyl 3-Bromo-4-hydroxy-5-methoxyphthalate.—A solution of the pure acid (11-9 g.) in dry 
methyl alcohol (60 c.c.) was saturated at 0° with hydrogen chloride and then boiled for 4 hours, 
a gentle stream of hydrogen chloride being passed through. After removal of most of the solvent 
the partly solid residue was shaken with ether and excess of sodium bicarbonate solution, and 
the sparingly soluble ester collected by filtration; yield, 5-6g. The ethereal solution contained a 
further 3-3 g. The sodium bicarbonate solution gave on acidification partially esterified acid 
(3-4 g.); this was re-esterified and gave 2-9 g. of fully esterified acid and 0-4 g. of partially esteri- 
fied acid. Methyl 3-bromo-4-hydroxy-5-methoxyphthalate crystallised from methyl alcohol, in 
which it was very soluble, in hexagonal plates, m. p. 153—154° (Found: C, 41-8; H, 3-6. 
C,,H,,0,Br requires C, 41-4; H, 3-5%). 
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Methyl 3-Bromo-5-methoxy-4-ethoxyphthalate (XVII).—Diazoethane, obtained by warming 
a mixture of nitrosoethylurethane (10 g.) in ether (350 c.c.), and methyl-alcoholic potassium 
hydroxide (20 c.c. of 25% solution), was distilled with ether into a suspension of the hydroxy- 
ester (3-19 g.) in methyl alcohol (20 c.c.). Nitrogen was evolved and the ester readily passed 
into solution. After 48 hours the solvent was removed, leaving the required ethoxy-compound 
(3-5 g.) in fine needles. These were an unstable form, for on recrystallisation from a little methyl 
alcohol the needles separated first and then became transformed into tablets, m. p. 83—84° 
(Found: C, 45-0; H, 44. C,,;H,,O,Br requires C, 45-0; H, 44%). 3-Bromo-5-methoxy-4- 
ethoxyphthalic acid, obtained by saponification, crystallised from 60 parts of boiling water in 
rectangular plates, m. p. 206° (efferv.), forming an anhydride, m. p. 147° (Found: C, 41-4; 
H, 3-4. C,,H,,0O,Br requires C, 41-4; H,3-5%). This acid was also obtained by direct ethylation 
of 3-bromo-4-hydroxy-5-methoxyphthalic acid with ethyl sulphate and alkali at 90°. A by- 
product in the reaction was a monoethyl ester, probably l-ethyl 2-hydrogen 3-bromo-5-methoxy-4- 
ethoxyphthalate, which was sparingly soluble in boiling water and crystallised in delicate needles, 
m. p. 131° (Found: C, 45-0; H, 4-4. (C,,sH,,O,Br requires C, 45-1; H, 46%). 

Condensation of Methyl 3-Bromo-5-methoxy-4-ethoxyphthalate with Methyl 4-Hydroxybenzo- 
ate.—Potassium (0-39 g.) was dissolved in methyl alcohol (15 c.c.) and a finely powdered mixture 
of the substituted methyl phthalate (3-47 g.) and methyl hydroxybenzoate (1-52 g.) 
added, followed by copper powder (0-4 g.). The methyl alcohol was removed under 
diminished pressure with slight warming and the residue was heated (oil-bath) during 2 hours 
to, and maintained for 1} hours at 190°. The product, which had an odour of anise, was taken 
up in a little water and a large volume of ether (250 c.c. in all). The latter was washed with 
n-sodium hydroxide and then with water and distilled, the yield of neutral esters being 3-5 g. 
This was completely hydrolysed with methyl-alcoholic potassium hydroxide, and the acids 
collected through ether after acidification. ‘On titration (phenolphthalein), they consumed 
21-5 c.c. of N-alkali. The solution was then fractionated by addition of eight portions, each 
of 3 c.c., of N-hydrochloric acid, followed each time by extraction with 20 c.c. of ether. Each 
extract was separately evaporated; the residue in almost every case crystallised, but showed 
different crystalline properties from fraction to fraction. The first fraction (0-37 g.), on repeated 
crystallisation from water and sublimation, gave anisic acid. A contaminant of this fraction 
formed the main constituent of the second and third fractions. It was a very sparingly soluble 
acid crystallising as a micro-crystalline powder and has not been examined in detail. Fraction 
6 (0-8 g.) on one crystallisation from water (35 c.c.) gave 5: 6: 4’-tricarboxy-3-methoxy-2- 
ethoxydiphenyl ether (XVIII) as a monohydrate, m. p. 195° (efferv.). It showed no depression 
of m. p. with the acid obtained from the degradation of O-ethylbebeerine. The water of hydr- 
ation is the same and the solubility in boiling water the same. When samples of each were 
crystallised from water under parallel conditions, both separated in a very characteristic 
crystalline form, stout plates or discs with pointed ends. An aqueous solution of each gave an 
immediate, yellow, amorphous precipitate with ferric chloride (Found: C, 54-6; H, 4-8. Calc. 
for Cy,H,,0,,H,O: C, 54:8; H, 46%). Unlike most of the phthalic acids recorded in this 
paper, the melt obtained after a m. p. determination shows no signs of crystallisation as the 
anhydride. This property is common to the synthetic and the natural acid. 

A further quantity of the same acid was isolated from fraction 7, which, however, contained 
another acid also present in the ethereal residue from fraction 8. During the extraction of 
fraction 8 to which excess of mineral acid had been added, a crystalline acid separated, which, 
being very sparingly soluble in ether, was collected by filtration; yield, 0-3 g. It was soluble 
in 10 c.c. of boiling water and crystallised in pointed leaflets, m. p. 192° (efferv.), forming an 
anhydride, m. p. 198°. This substance proved on analysis to be a monohydrate of 5-methoxy-4- 
ethoxyphthalic acid (Found: C, 50-7; H, 5-6; H,O, 8-2. C,,H,,0,,H,O requires C, 51-1; 
H, 5-5; H,O, 70%). A portion of the acid was converted into the N-ethylimide. It had m. p. 
205° in agreement with that recorded in the literature (Found: C, 62-6; H, 6-1. Calc.: C, 
62-6; H, 6-1%). Spath and Duschinsky (Ber., 1925, 58, 1945) describe this acid as having 
m. p. 184°, anhydride 197°, but give no analysis. Bruchhausen and Saway (Arch. Pharm., 
1925, 263, 605) record m. p. 184—185° when taken slowly and give an analysis corresponding 
to an anhydrous acid; for the N-ethylimide they also record m. p. 205°. 


I desire to acknowledge a gift of hydroxytoluic acid from Kalle and Co., of Wiesbaden- 
Biebrich. 
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255. Synthesis of Diphenyl Ethers containing Methoxy- and Ethoxy- 
growps. 
By Haroip Kine. 


Alkoxydiphenyl ethers may be useful reference substances in degradation experi- 
ments on certain bisbenzylisoquinoline alkaloids. The synthesis of 2: 2’-diethoxy- 
diphenyl ether and three isomeric methoxyethoxydiphenyl ethers is herein described. 


In connection with experiments on the degradation of O-ethylbebeerine (preceding paper), 
diphenyl ethers containing methoxy- and ethoxy-groups were required as reference sub- 
stances. 2-Methoxy- and 2: 2’-dimethoxy-diphenyl ethers were described by Ullmann 
and Stein (Ber., 1906, 39, 622) and an improved form of their method has been utilised for 
synthesising and isolating 2: 2’-diethoxy- and 2-methoxy-2'-ethoxy-diphenyl ethers. The 
former was made from guaiethol and o-bromophenetole and the latter from guaiethol and 
o-bromoanisole. For the preparation, however, of 3-methoxy-2-ethoxy-(I) and 2-methoxy-3- 
ethoxy-diphenyl ethers a circuitous route had to be followed. For the former the starting 
material was O-acetylvanillin, which was oxidised in 86% yield to O-acetylvanillic acid. 
The latter acid was quantitatively hydrolysed to vanillic acid, which was brominated by 
pre soe s method (J., 1908, 98, 792) oe 5-bromovanillic acid (II). On ethylation with 
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ethyl sulphate, ethyl 5-bromo-3-methoxy-4-ethoxybenzoate (III) was obtained and on 
condensation with potassium phenoxide in presence of copper powder this gave O-ethyl- 
vanillic acid (IV) and 5-carboxy-3-methoxy-2-ethoxydiphenyl ether (V). The formation of 
O-ethylvanillic acid is clearly due to catalytic dehalogenation by the copper, a process to 
which attention has previously been drawn by Lesslie and Turner (J., 1932, 281). Several 
other similar cases are mentioned in the preceding paper. On decarboxylation of 5-carboxy- 
3-methoxy-2-ethoxydiphenyl ether (V) by boiling with quinoline and copper, 3-methoxy- 
2-ethoxydiphenyl ether (I) was obtained in good yield. 

In a similar way, by starting from 4-hydroxy-3-ethoxybenzaldehyde (“‘ vanbeenol ’’), 
5-bromo-4-methoxy-3-ethoxybenzoic acid and its methyl ester were obtained. The latter 
with potassium phenoxide and copper powder gave 5-phenoxy-4-methoxy-3-ethoxybenzoic 
acid and 4-methoxy-3-ethoxybenzoic acid. The former of these acids on decarboxylation 
furnished 2-methoxy-3-ethoxydipheny]l ether in good yield. 

It is fortunate that these dialkoxydiphenyl ethers are all crystalline substances, since 
this facilitates comparison. For convenience of reference the melting points are recorded 
below : 

2 : 2’-Dimethoxydiphenyl ether 79—80° * 3-Methoxy-2-ethoxydiphenyl ether 33—34° 
2 : 2’-Diethoxydiphenyl ether 53 2-Methoxy-3-ethoxydiphenyl] ether 23 
2-Methoxy-2’-ethoxydiphenyl] ether 91—92 

* King, J., 1936, 1279. 


EXPERIMENTAL. 


2: 2’-Diethoxydiphenyl Ether.—Guaiethol (8-2 g.; 1-5 mols.), o-bromophenetole (7-9 g.; 
1-0 mol.), potassium hydroxide (3-3 g.; 1-5 mols.), and copper bronze (0-3 g.) were heated at 
190—200° for 30 minutes. An ethereal extract of the reaction mixture was washed with 
2n-sodium hydroxide until the alkaline washings were colourless. The residue from the ethereal 
solution gave on distillation a small fraction, b. p. below 100°/15 mm., and a main fraction of 
2: 2'-diethoxydiphenyl ether (2-6 g.), b. p. 140—145°/0-5 mm. This solidified readily and 
separated from absolute alcohol in large columnar crystals, m. p. 53° (Found: C, 74-0, 74-2; 
H, 7-0, 7-1. CygH,,0, requires C, 74-4; H, 7-0%). 

2-Methoxy-2'-ethoxydiphenyl ether was prepared in a similar way from o-bromoanisole (9°3 g.) 
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and obtained as an oil which solidified (3-6 g.), b. p. 150°/0-6 mm. It crystallised from alcohol 
in clusters of stout rods, m. p. 91—92° (Found : C, 73-0, 72-9; H, 6-4, 6-2. C,;H,,O; requires 
C, 73-7; H, 66%). 

Vanillic Acid.—O-Acetylvanillin (Pisovschi, Ber., 1910, 43, 2139) (38-8 g.) was dissolved in 
stabilised acetone (250 c.c.) and water (200 c.c.), and the mechanically stirred solution treated 
with finely powdered permanganate (46 g.) until the pink colour persisted. The solution was 
warmed and filtered, the manganese oxides extracted twice with hot water, and the combined 
solutions concentrated and acidified, giving an 86% yield of O-acetylvanillic acid, m. p. 144°. 
The acid (34-7 g.) was dissolved in 2n-sodium hydroxide (3 mols.) at room temperature and, 
after the slight exothermic action was over, the solution was acidified; the yield of vanillic acid 
was practically quantitative. 

5-Bromo-3-methoxy-4-ethoxybenzoic Acid.—5-Bromovanillic acid * (49-4 g.), prepared by 
Robertson’s method (J., 1908, 93, 792), in 2N-sodium hydroxide (150 c.c.) was heated at 90° 
and ethyl sulphate (92-4 g.) and 2n-sodium hydroxide (200 c.c.) were run simultaneously into 
the mechanically stirred solution during 25 minutes. The ethyl ester (III) was extracted from 
the alkaline solution with ether and distilled; yield 33-6 g., m. p. 25—26°, b. p. 197°/15 mm. 
(Found: C, 47-8, 47-7; H, 5-3, 56-2. C,,H,,O,Br requires C, 47-5; H, 6-0%). The main 
alkaline solution on acidification gave 5-bromo-3-methoxy-4-ethoxybenzoic acid (24-1 g.), which 
crystallised from 40% aqueous ethyl alcohol in needles, m. p. 141—142° (Found : C, 44-0, 43-8; 
H, 4-3, 4:1; Br, 28-6, 28-7. C,,H,,O,Br requires C, 43-6; H, 4:0; Br, 29-1%). 

Syntheses of 5-Carboxy-3-methoxy-2-ethoxydiphenyl Ether (V).—Potassium (1-95 g.; 1-5 mols.) 
was dissolved in absolute alcohol (25 c.c.), phenol (4-7 g.; 1-5 mols.) added, and the solution 
evaporated to dryness. Copper powder (0-4 g.) and ethyl 5-bromo-3-methoxy-4-ethoxy- 
benzoate (10-1 g.; 1-0 mol.) were then added, and the mixture heated in an oil bath at 180—190° 
for 6 hours; it solidified as soon as this temperature was reached, but gradually liquefied on 
continued heating. The product, after cooling, was boiled with 10% methyl-alcoholic potassium 
hydroxide for 1 hour, the alcohol removed, and water added. The solution was saturated with 
carbon dioxide, extracted with ether to remove phenolic substances (2-8 g.), and acidified; the 
voluminous precipitate obtained, owing to its sparing solubility in ether, was collected partly 
by filtration, giving solid (A), and the remainder by ether extraction. The solid (A) (2-35 g.), 
m. p. 196°, proved to be O-ethylvanillic acid (IV) (Found: C, 61-2, 61-4; H, 6-0, 6-0. Calc.: 
C, 61-2; H, 62%). Its identity was confirmed by direct comparison with an authentic speci- 
men. The ethereal extract gave a mixture of acids (6-45 g.), which on titration with n-sodium 
hydroxide required 21-7 c.c. for neutralisation. Eight successive portions of nN-hydrochloric 
acid (each 3 c.c.) were now added, followed by ether extraction after each addition. Of the eight 
fractions thus obtained, the first five were mainly composed of an acid melting just above 100°, 
and the last three were mainly crude O-ethylvanillic acid. The first five fractions were combined 
(4-65 g.), and on extraction with low-boiling petroleum (Soxhlet) gave 5-carboxy-3-methoxy-2- 
ethoxydiphenyl ether (3-0 g.), which was sparingly soluble in petrol or ligroin, but crystallised 
from 80% alcohol, in which it was readily soluble, in small needles, m. p. 116—117° (Found : 
C, 67-0, 67-1; H, 5-6, 5-7. C,,H,,O, requires C, 66-6; H, 5-6%). 

3-Methoxy-2-ethoxydiphenyl Ether (1).—The preceding acid (2-0 g.), quinoline (30 c.c.), and 
copper powder (2-0 g.) were boiled together for 1 hour. An ethereal extract of the product was 
washed with acid and with alkali and distilled; the oil (1-6 g.) obtained gave 3-methoxy-2-ethoxy- 
diphenyl ether (1-4 g.), b. p. 155°/2 mm., which solidified at 0° after a few days. It separated 
from ethyl alcohol, in which it was very readily soluble, in bold crystals, m. p. 33—34° (Found : 
C, 73-5, 73-3; H, 68, 6-6. C,,H,,O, requires C, 73-7; H, 6-6%). 

4-A cetoxy-3-ethoxybenzaldehyde.—4-Hydroxy-3-ethoxybenzaldehyde (‘‘ vanbeenol”, W. J. 
Bush and Co.) (16-6 g.) was dissolved in N-potassium hydroxide (100 c.c.) and treated with acetic 
anhydride (11-2 g.). A colourless oil separated on shaking and, after being warmed for a short 
time in the water-bath, crystallised on cooling; yield 92%. For analysis the aldehyde was 
crystallised from petrol, forming clear tablets, m. p. 48—49° (Found: C, 63-3, 63-3; H, 5-7, 
58. C,,H,,0, requires C, 63-4; H, 5-8%). 

4-A cetoxy-3-ethoxybenzoic Acid.—The preceding aldehyde (20-1 g.) in stabilised acetone 
(110 c.c.) and water (70 c.c.) was treated at room temperature with finely powdered potassium 
permanganate (23 g.) until a permanent pink colour was obtained. The solution was filtered 
and the manganese oxides were extracted twice with boiling water. All filtrates were combined 
and after concentration were acidified; 4-acetoxy-3-ethoxybenzoic acid (18-2 g.) then separated. 


* Robertson gives m. p. 221°, but we find m. p. 23]°, 
§ P P 
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For analysis a portion was crystallised from 85 parts of boiling water, forming long slender 
needles, m. p. 152—153° (Found: C, 58-7, 58-8; H, 5-4, 5:5. C,,H,,0O, requires C, 58-9; 
H, 54%). 

4-Hydroxy-3-ethoxybenzoic Acid.—The corresponding acetoxy-compound (22-4 g.) was dis- 
solved in 2n-sodium hydroxide (150 c.c.) and kept for 1 hour. On acidification 4-hydroxy-3- 
ethoxybenzoic acid separated (17-6 g.). It was soluble in 30 vols. of boiling water and separated 
in feathery crystals, m. p. 164—165° (Found: C, 59-2, 59-0; H, 5:4, 5-5. C,H, ,O, requires 
C, 59-3; H, 55%). 

5-Bromo-4-hydroxy-3-ethoxybenzoic Acid.—The above hydroxy-acid (9-1 g.) and anhydrous 
sodium acetate (4-1 g.) were dissolved in purified glacial acetic acid (84 c.c.) and treated drop- 
wise with a 30% solution of bromine (8 g.) in acetic acid (27 c.c.). On dilution with water to 
dissolve sodium bromide, the bromo-acid (8-75 g.) was left undissolved. On concentration of 
the mother-liquor a further 3-15 g. were obtained. For analysis the acid was crystallised from 
12 vols. of boiling 50% alcohol, forming needles or plates, m. p. 207° (Found for freshly crystal- 
lised material: loss at 120°, 17-4. C,H,O,Br,3H,O requires H,O, 17-2%. Found for material 
which had been kept for a few days: C, 34-4, 34-4; H, 4-7, 4-6. C,H,O,Br,2H,O requires C, 
34:3; H, 4:2%). The crude bromo-acid from the mother-liquor contained a substance insoluble 
in sodium bicarbonate solution; it crystallised readily in clusters of needles from 5 parts of 
boiling methyl alcohol and proved to be 2: 4-dibromo-6-ethoxyphenol, m. p. 110° (Found: 
C, 32-7, 32-8; H, 2-9, 2-8; Br, 53-4, 53-8. C,H,O,Br, requires C, 32-4; H, 2-7; Br, 54-0%). 

5-Bromo-4-methoxy-3-ethoxybenzoic Acid and its Methyl Estey.—A solution of the bromo- 
hydroxyethoxy-acid (13-0 g.) in 2N-sodium hydroxide (37-5 c.c.) was heated to 90° and vigorously 
stirred while methyl sulphate (18-9 g.) and 2n-sodium hydroxide (37-5 c.c.) were run in simultane- 
ously during 15 minutes, a further 20 c.c. of 2N-alkali being finally added. The crystalline solid 
obtained on cooling was taken up in ether and washed with small portions of 2n-alkali and 
finally with water. On removal of the solvent the residue of methyl 5-bromo-4-methoxy-3-ethoxy- 
benzoate crystallised (11-5 g.). For analysis it was crystallised from its own volume of methyl 
alcohol, forming flattened needles or plates, m. p. 77—78° (Found: C, 45-8, 45-6; H, 4-6, 4-4. 
C,,H,,0,Br requires C, 45:7; H, 45%). The aqueous alkaline mother-liquor and washings 
were combined and acidified and gave 5-bromo-4-methoxy-3-ethoxybenzoic acid (2-5 g.). It was 
crystallised first from 7 parts of boiling ethyl acetate and then from 1600 parts of boiling water. 
From both solvents it separated in fine woolly needles, m. p. 183—184° (Found: C, 44-0, 44-0; 
H, 4-1, 4-0. C, 9H,,0,Br requires C, 43-6; H, 4-0%). 

From the accumulated acid fractions of several experiments, a small fraction was isolated 
which was insoluble in sodium bicarbonate solution. This proved to be methyl 5-bromo-4- 
hydroxy-3-ethoxybenzoate and formed pearly elongated leaflets, m. p. 111—112°, from 6 vols, of 
boiling methyl alcohol (Found: C, 44-0, 44:1; H, 4-1, 4:0. Cj, 9H,,0,Br requires C, 43-6; 
H, 40%). 

Condensation of Methyl 5-Bromo-4-methoxy-3-ethoxybenzoate with Potassium Phenoxide.— 
Potassium (2-92 g.; 1-5 mols.) was dissolved in absolute ethyl alcohol (Manske, J. Amer. Chem. 
Soc., 1931, 53, 1106), and phenol (7-05 g.; 1-5 mols.) added. The solution was evaporated to 
dryness in a vacuum with the aid of heat, and the residue was mixed with copper powder (0-5 g.) 
and the bromomethoxyethoxy-ester (14-45 g.; 1 mol.) and heated (oil-bath) at 180° for 6 hours, 
the small amounts of alcohol liberated being removed by a current of air. The cooled melt 
was boiled with methyl-alcoholic potassium hydroxide for 1 hour, and the alcohol removed. 
The residue was diluted with water, saturated with carbon dioxide, extracted with ether to 
remove phenolic substances, acidified, and extracted with ether, which left a crystalline 
residue (11-0 g.) on evaporation. This was exactly neutralised with n-sodium hydroxide 
(41 c.c.) and then fractionally acidified with nine 5 c.c. portions of N-hydrochloric acid, each 
addition of acid being followed by ether extraction with 20 c.c. each time. Of the nine fractions 
of solidified acids thus obtained, the first five showed a similar m. p. among themselves and the 
last four had a higher m.p. The first five fractions were combined (6-6 g.) and extracted (Soxh- 
let) with light petroleum (b. p. 60—80°), from which a crystalline acid (5-37 g,) slowly separated 
in crusts, m. p. 110—113°. It was recrystallised from 80% aqueous alcohol, forming bold 
plates which had two m. p.’s, 117—118° and 134°. Sometimes the lower m. p. was not observed. 
This acid proved to be 5-phenoxy-4-methoxy-3-ethoxybenzoic acid (Found: C, 66-6, 66-8; H, 5-6, 
58. C,,H,,O0; requires C, 66-6; H, 5-6%). 

The last four fractions from the above separation were combined and crystallised from 
133 parts of boiling water; 4-methoxy-3-ethoxybenzoic acid separated in woolly needles, m. p. 
165° (Found: C, 61-2, 61-4; H, 6-3, 6-3. C,.H,,0, requires C, 61-2; H, 62%). 
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2-Methoxy-3-ethoxydiphenyl Ether.—5-Phenoxy-4-methoxy-3-ethoxybenzoic acid (20 g.) was 
boiled for 1 hour with synthetic quinoline (30 c.c.) and copper powder (2 g.). An ethereal 
solution of the reaction mixture was filtered from copper powder and extracted with 3n-acid and 
with 2n-alkali to remove basic and acidic substances. The oil (1-45 g.) left on removal of the 
ether was distilled at 0-5 mm. and gave 1-08 g., b. p. 138—141°. On keeping below 0°, 
2-methoxy-3-ethoxydiphenyl ether solidified; crystallised from a very small volume of alcohol, 
it had m. p. 23° (Found: C, 73-9; H, 6-8. C,;H,,O, requires C, 73-7; H, 6-6%). 


I am indebted to my assistant, Mr. E. V. Wright, for considerable assistance in these 
experiments. ; 
NATIONAL INSTITUTE FOR MEDICAL RESEARCH, LONDON, N.W.3. [Received, June 23rd, 1939.] 





256. Phthalic Esters as Alkylating Agents. 
By Harotp Kine and E. V. WRIGHT. 


A new method is described for the alkylation of phenols in good yield. It consists 
in heating, to 190—200°, a salt of the phenol, preferably the potassium salt, with a 
molecular proportion of an alkyl phthalate. 


In synthetic experiments on the preparation of certain complex diphenyl ethers by, for 
instance, condensation of the potassium derivative of methyl zsovanillate (I) with methyl 
5-iodo-4-methoxyphthalate (II) in presence of copper, the formation of a considerable 
proportion of veratric acid (III) was observed (this vol., p. 1158). Since this reaction was 


OMe OMe 
K Me O,Me Me 
Om + CBE > CP 
O,Me O,H 
(I.) (II.) (III.) 


accompanied by a loss of phthalic esters in the neutral fraction from the condensation, it 
seemed that the methylation had been effected at the expense of the phthalic ester groups. 
It was thought that this might be an example of a more general reaction, and since many 
phthalic esters are cheap commercial products and those not available commercially are 
readily made, it was possible that phthalic esters might serve as alkylating agents for 
phenolic groups. 

After preliminary experiments, it was found in general, that when the potassium salts 
of phenol and guaiacol were heated to 190—200° with a molecular proportion of methyl, 
ethyl or butyl phthalate, 70—85% yields of the corresponding phenol and guaiacol ethers 
were obtained. In each case the reaction proceeded better with potassium than with 
sodium. It was also essential, in preparing the potassium salt of the phenolic substances, 
to use as solvent for the potassium the same alcohol as is being introduced as a radical 
through the phthalic ester. In many of these reactions the yield of unused alkyl phthalate 
recovered by distillation was greater than would be expected if only one ester group per 
molecule of alkyl phthalate had been used in alkylating the phenol, showing that both 
ester groups of a proportion of the molecules were utilised. This was supported by the 
observation that methyl benzoate, used in the same way, gave a 63% yield of anisole and 
a 57% yield of veratrole. The possibility that the method might be extended to aromatic 
esters and that phenyl esters, for instance, of phthalic acid might be used with phenols for 
synthesising diphenyl ethers was not realised. 

An extension of the reaction to nitrogenous substances was tried with p-methylamino- 
phenol. When the potassium salt of this phenol was heated with methyl phthalate, the 
only products identified were p-dimethylaminoanisole and phthalo-4'-methoxyphenylimide 
(IV, R = Me), methylation in the former case having occurred on oxygen and nitrogen. 
With ethyl phthalate, however, the product was mainly #-methylaminophenetole with a 
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small proportion of p-methylethylaminophenetole (V), characterised as its picrate, and 
phthalo-4'-ethoxyphenylimide (IV, R = Et). With butyl phthalate the main product was 
p-butoxymethylaniline. As the homologous series of esters is ascended, the amount of 
N-alkylation thus rapidly falls off, but O-alkylation proceeds normally. 


(IVv.) ro >a) EO” N<Re 


The use of dry alkali-metal salts of acids and phenols in methylation experiments with 
methyl sulphate, a reagent which may be compared with alkyl phthalates, is not new; 
e.g., Ullmann and Wenner (Ber., 1900, 33, 2477; compare Ullmann, Annalen, 1903, 327, 
104) converted sulphonic acids into methyl esters by heating the dry sodium salts with 
methyl sulphate. Graebe also (Annalen, 1905, 340, 245) found that many organic acids 
in the form of their dry potassium salts gave good yields of methyl esters on heating with 
methyl sulphate. Among phenolic substances Graebe and Aders (Amnalen, 1901, 318, 
365) methylated the dry sodium salt of euxanthone monomethy]l ether and of alizarin, and 
Graebe (ibid., 1905, 340, 248) found that potassium chloranilate could be methylated by 
heating with methyl sulphate but not by methyl iodide or by methyl sulphate in presence 
of water. The higher alkyl sulphates are much less reactive than methyl sulphate, but 
this diminished reactivity could probably be overcome by heating the dry potassium salt 
of the substance to be alkylated with the alkyl sulphate, as is done in the present communic- 
ation with alkyl phthalates. Ethyl and propyl sulphate are commercial products and 
higher alkyl sulphates might be made, following Smyth’s lead (P., 1914, 30, 14), from 
sulphuryl chloride and alcohols. 


EXPERIMENTAL. 


Preparation of Anisole.—Potassium (3-91 g.) was allowed to react with ice-cold methyl 
alcohol (30 c.c.) and then phenol (9-4 g.) and methyl phthalate (19-4 g.) were added. The 
excess of methyl alcohol was removed by warming under diminished pressure and the syrupy 
residue was heated, in a flask fitted with an air-condenser, in an oil-bath at 190—200° for 3 
hours. When cold, the partly solid mass was dissolved in water and ether and the ether-soluble 
portion was washed with 2n-sodium hydroxide and fractionally distilled. The fraction, b. p. 
150—200°, was redistilled, the anisole then boiling between 152° and 156°; yield, 8-1 g. (75%). 

In a repetition of this experiment, after 7 hours’ heating, the yield of anisole was 74% and 
9-0 g. of unchanged methyl phthalate were recovered. The theoretical amount to be recovered, 
if only one methyl group from each methyl] phthalate molecule is used, should be 5-1 g. 

In an exactly similar manner the reaction was carried through with phenol and guaiacol as 
substrates, and methyl, ethyl, and butyl phthalates as alkylating agents, the potassium in each 
case being dissolved in the alcohol corresponding to the radical being introduced. The results 
are summarised in the following table : 


Phenol. Alkylating agent. Product. Yield, %. 
Phenol Methyl phthalate Anisole 75 

+ Ethyl wa Phenetole 66 

A Butyl ie Phenyl butyl] ether 76 
Guaiacol Methyl a Veratrole 78 

= Ethyl aa O-Ethylguaiacol 84 

a Butyl oo O-Butylguaiacol 80 


O-Butylguaiacol is described by Allan and Robinson (J., 1926, 382) as a colourless oil, b. p. 
236—239°, and by Hirao (J. Chem. Soc. Japan, 1932, 53, 488) as a liquid, b. p. 178°/132 mm. 
We find a boiling point in agreement with Allan and Robinson, but we also find that the product 
readily solidifies to a solid, crystallising in long needles, m. p. 17—18° (Found : C, 73-3; H, 9-0. 
Calc. : C, 73-4; H, 91%). 

Preparation of Anisole and Veratrole by Means of Methyl Benzoate-——When the methyl 
phthalate was replaced by a molecular equivalent of methyl benzoate, the yield of anisole was 
63% and that of recovered methyl benzoate 16%. 

In the case of guaiacol the products of the reaction had to be saponified to facilitate 
separation, the yield of crystalline veratrole being 57%. 

Alkylation of a Phenol with a Reactive Basic Centre.—p-Methylaminophenol and methyl 
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phthalate. Potassium (3-91 g.) in methyl alcohol (30 c.c.), #-methylaminophenol (12-3 g.), and 
methyl phthalate (19-4 g.) were mixed, the excess of methyl alcohol removed, and the residue 
heated for 3 hours in an oil-bath at 200—-210°. The product was dissolved in water and ether 
and the separated ethereal extracts were washed first with 2n-sodium hydroxide to remove 
phenols and then extracted three times with 3n-hydrochloric acid to remove the non-phenolic 
bases. The acid extract was basified, the bases extracted with ether, and the solvent removed. 
The residue (4-9 g.) crystallised readily and on recrystallisation from 50% aqueous ethyl alcohol 
gave pearly scales of -dimethylaminoanisole, m. p. 46—47° (Found: C, 71-6; H, 8-6. Calc.: C, 
71:5; H, 8-7%), agreeing in properties with the description given by Griess (Ber., 1880, 13, 249). 
On keeping, the ethereal solution, which had been extracted with alkali and with acid, deposited 
flat rods, m. p. 162°, which were unchanged in m. p. on crystallisation from alcohol, but separated 
in needles. These proved to be phthalo-4'-methoxyphenylimide (IV, R = Me) (Found: C, 
71-1; H, 44; N, 5-5; MeO, 12-2. C,,;H,,0,N requires C, 70-7; H, 4-3; N, 5-2; MeO, 12-0%). 

p-Methylaminophenol and ethyl phthalate. This reaction was carried out with molecular 
proportions of the components as described in the preceding- example. The original ether- 
extracted aqueous liquor and the ethereal solution which had been extracted with alkali and 
with acid both deposited a sparingly soluble, crystalline solid (0-53 g. in all), which crystallised 
from 120 vols. of boiling alcohol in needles, m. p. 204—205°. These proved to be phthalo-4'- 
ethoxyphenylimide (IV, R = Et) (Found: C, 72:1, 72-0; H, 4:7, 4:8. C,gH,,;0,N requires 
C, 71-9; H, 4-9%). 

The acid extract of the ethereal solution, on basification and extraction with ether, gave, 
on removal of the solvent, an oil, 6-45 g. of which distilled at 130°/14 mm. This distillate, in 
3n-hydrochloric acid (33 c.c.), was cooled to 0° and treated dropwise with sodium nitrite (10% 
solution) until there was a permanent reaction with starch-iodide paper. The crystalline 
p-nitrosomethylaminophenetole (3-93 g.) was collected; a portion crystallised from low-boiling 
petroleum had m. p. 46°. Brunner and Moser (Monatsh., 1932, 61, 15) give m. p. 49°. The 
aqueous filtrate, whilst still acid, was extracted with ether, which removed a trace of nitroso- 
compound; it was then made alkaline and re-extracted with ether. On removal of the solvent 
a brown oil (1-25 g.) was left, which formed a hygroscopic crystalline hydrochloride. This 
readily gave p-methylethylaminophenetole picrate, m. p. 125°, in large elongated tablets from 10 
vols. of boiling alcohol (Found: C, 50:0; H, 4:9. C,,H,,ON,C,H,0,N, requires C, 50-6; 
H, 5-2%). 

p-Methylaminophenol and butyl phthalate. The yield of non-phenolic bases in this reaction 
was 91 g. This was treated with nitrous acid as in the previous experiment, and gave a 
crystalline nitroso-compound, which was not further examined. The tertiary base which was 
left unattacked was only 0-5 g. 

On this basis the preparation of non-phenolic bases was repeated and the product distilled 
(b. p. 154—155°/16 mm.) without conversion into the nitroso-derivative. This proved to be 
p-butoxymethylaniline (Found: C, 73-7; 9-6. C,,H,,ON requires C, 73-3; H, 9°7%). It was 
characterised as its picrate, which was sparingly soluble in boiling water and crystallised in long 
silky needles, m. p. 98° (Found: C, 50-0; H, 5-0; N, 13-7. C,,H,,ON,C,H,O,N, requires 
C, 49-5; H, 5-2; N, 13-6%). 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, LONDON, N.W. 3. [Received, June 23rd, 1939]. 





257. Absorption Spectra and Structure of Compounds containing 
Chains of Benzene Nuclei. 


By A. E. GittaM and D. H. Hey. 


The general failure of chemical tests to disclose the existence of conjugation 
between the two aryl nuclei in diphenyl and its derivatives suggested that the inter- 
nuclear link was an invariable single bond uniting two independent cyclohexatrienoid 
systems. Evidence from dipole measurements, however, indicated that this indepen- 
dence was by no means complete, a view which was supported by the results of the 
X-ray analysis of diphenyl and related compounds. The latter results indicate 
that the internuclear bond’ is hybrid in type and assumes some measure of double- 
bond character. The existence of such internuclear conjugation is now confirmed 
by an examination of the absorption spectra of diphenyl, p-terphenyl, p-quaterpheny]l, 
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p-quinquipheny] and p-sexiphenyl, which reveals a progressive displacement of the main 
absorption band towards longer wave-lengths together with an increase in intensity 
as the chain of benzene nuclei is lengthened at the para-positions. On the other hand 
in the meta-series the absorption spectra of m-terphenyl and of hydrocarbons con- 
taining from nine to sixteen benzene nuclei united at the meta-positions exhibit one band 
at approximately 2530A (in chloroform) for the whole series, with a progressive 
increase in intensity as the chain is lengthened. These results indicate that, although 
in the para-series there is a measure of conjugation throughout the molecule as a whole, 
yet in the meta-series, where the structure does not permit simple conjugation to 
extend beyond two benzene units, the conjugation responsible for the absorption is that 
inherent in two benzene nuclei as in diphenyl itself. Evidence is put forward which 
indicates that the chromophoric unit in both series of hydrocarbons is half a diphenyl 
molecule as distinct from a benzene molecule. 


CONSIDERABLE speculation has arisen on the nature of the carbon-carbon link uniting 
two aryl nuclei (e.g., the 1 : 1’-link in diphenyl and its derivatives), from the point of view, 
not only of the possibility of restricted rotation with resulting molecular dissymmetry, but 
also of the possible transmission of electrical effects and electronic displacements from one 
nucleus to another. 

Le Févre and Turner (J., 1928, 247), on the basis of the absence of 3’-substitution in the 
nitration of 2- and 4-nitrodiphenyl and the non-activation of halogen atoms in one nucleus 
by the presence of nitro-groups in the second nucleus, suggested that the two nuclei in 
diphenyl should be regarded as two independent mobile cyclohexatrienoid systems united 
at the 1 : 1’-positions by an invariable single bond, which is not a link in a true conjugated 
system. Evidence in support of these views had been provided by Burton and Kenner 
(J., 1922, 121, 489) and by Robinson and Zaki (J., 1927, 2485), and confirmation of the mutual 
independence of the two nuclei was later provided by Gull and Turner (J., 1929, 491) by a 
quantitative study of the further nitration of various nitro-derivatives of diphenyl. Later 
work by Le Févre and Le Févre (J., 1936, 1130), however, indicated that the independence 
of the two nuclei in diphenyl was not so complete as was first suggested. It was evident 
that inductive influences might be transmitted from one nucleus to the other, but extensive 
tautomeric displacements were so reduced at the internuclear link that they could exert 
no effects which could be detected by substitution reactions in the second nucleus. On the 
other hand, measurements of the dipole moments of a number of 1 : 4-disubstituted benzene 
derivatives and the corresponding 4 : 4’-disubstituted diphenyl derivatives revealed the 
existence of a mesomeric effect, 7.e., a permanent electronic rearrangement occurring by the 
mechanism of the tautomeric effect, which seemed to indicate that the two benzene nuclei 
in diphenyl and its derivatives do not exist as isolated conjugated systems but are partly 
interdependent. Again, Gilbert, Turkevich, and Wallis (J. Org. Chem., 1939, 3, 611) were 
unable to detect any indication of the existence of double-bond character in the ca~bon- 
carbon link uniting the benzene and naphthalene nuclei in d-3 : 5-dinitro-6-«-naphthyl- 
benzoic acid by a study of the effect on the racemisation of this compound of reagents which 
are known to bring about cis-trans-isomerisation in ethylene derivatives. 

Further evidence of the nature of the 1: 1’-link in diphenyl and similar compounds 
arises out of the relationship between bond length, as revealed, ¢.g., by X-ray analysis; and 
bond character. X-Ray examination of diphenyl, -terphenyl, and #-quaterphenyl 
(Dhar, Indian J. Physics, 1932, 7, 43; Pickett, Nature, 1933, 181, 513; Proc. Roy. Soc., 
1933, 142, A, 333; J. Amer. Chem. Soc., 1936, 58, 2299) shows that the molecules consist 
of flat regular hexagons of carbon atoms lying in one plate, with a distance of 1-42 A 
between the centres of adjacent carbon atoms in any one ring and a distance of 1-48 A for 
the carbon-carbon bonds which unite the nuclei. The normal length for a single aliphatic 
carbon-carbon bond is 1:54 A, and the diminution of bond length thus revealed for the 
bond (or bonds) uniting the nuclei is indicative of hybrid chatacter and shows that the true 
structure of these hydrocarbons is one in which resonance occurs between a number of 
alternative representations. Among these, in addition to the Kekulé or benzenoid forms 
(I) and (II), quinonoid forms such as (III) and (IV) will be found in which the internuclear 
bond assumes double-bond character. 
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Pauling and Sherman (J. Chem. Physics, 1933, 1, 633) postulated a contribution of a 
quinonoid type (III) to the ordinary structural formula for diphenyl in a discussion of the 
resonance energy of the hydrocarbon. Lennard-Jones and Turkevich (Proc. Roy. Soc., 
1936, 158, A, 297) on theoretical grounds have also suggested some approach to double- 
bond character in the internuclear carbon-carbon link in diphenyl, and it is now generally 
realised that this form of conjugation between the nuclei may be responsible for the main- 


(I.) C ><> CK KC >kKk > (II.) 


wm OES 


tenance of molecular structures, such as that of diphenyl, in a planar form (cf. Le Févre 
and Le Févre, Joc. cit.). In connexion with the general inability of substitution reactions to 
reveal any evidence of the existence of this conjugation, it is significant that an X-ray 
analysis of stilbene (Robertson and Woodward, Proc. Roy. Soc., 1937, 162, A, 568) shows 
that the structure of this hydrocarbon is planar, and that there is a resonance between the 
two forms (V) and (VI), which implies a measure of conjugation throughout the molecule 
as a whole. 


~ S—cH a 


a= 


In spite of this, however, chemical tests, e.g., substitution reactions, have failed to reveal 
any evidence of conjugation (Robinson and Zaki, loc. cit.). Closely related to this aspect of 
the subject is kationoid substitution in compounds such as cinnamic acid and w-nitrosty- 
rene, which gives rise to the more facile op-substitution and not m-substitution, as might be 
anticipated if the existence of conjugation throughout the system as a whole manifested 


itself. This topic has been discussed by Burkhardt, Horrex, and Jenkins (J., 1936, 1654), 
who have shown that conjugation between nucleus and side chain, or between nucleus and 
nucleus, does in fact reveal itself in certain carefully selected qualitative and quantitative 
observations, 

Further insight into the existence and extent of conjugation in organic compounds 
should be obtainable from a study of absorption spectra. For instance, in stilbene, where 
X-ray evidence reveals a measure of conjugation which chemical tests fail to detect, the 
absorption spectra yield strong support to the contention that conjugation is present : 
the absorption maxima for benzene, «-phenylbutadiene, and stilbene are at 2550, 2820, 
and 2950 A, respectively, and there is a marked increase in the intensity of absorption in 
passing from benzene to stilbene. These facts are in agreement with one of the accepted 
generalisations of absorption spectra, viz., that an increase in the number of conjugated 
double bonds in a system normally results in a displacement of the absorption maxima to 
longer wave-lengths together with an increase in intensity of absorption (cf. Hausser, Kuhn, 
et al., Z. physikal. Chem., 1935, 29, B, 363 et seq.). 

A study of the absorption spectra of hydrocarbons consisting of more than one benzene 
nucleus should yield valuable evidence on the nature of the extra-nuclear bonds. Thus 
the absorption maxima of benzene, diphenylmethane, triphenylmethane, tetraphenyl- 
methane, and diphenylethane are in nearly the same place in all cases, and the intensity 
of absorption is very approximately that due to a summation of the intensities contributed 
by the separate benzene nuclei (see Table I). In passing to diphenyl, on the other hand, 
there is a change of location accompanied by an increase in intensity of some 90 times that 
exhibited by benzene, which strongly indicates the existence of some measure of conjugation, 
and Forster (Z. physikal. Chem., 1938, 41, B, 287) has discussed this spectrum from the point 
of view of conjugation and of resonance. Analternative hypothesis to account for the greatly 
increased intensity of diphenyl over that of benzene and the above-mentioned derivatives 
is not that the 2550 A band of benzene is increased in intensity but that the very short wave 
band of benzene near 1970 A (log ¢ = 3-9) is displaced along the spectrum to 2500 A in 
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diphenyl (log « = 4-25). Either mechanism may be correct, but both agree in indicating 
that there is a considerable measure of conjugation between the two benzene nuclei in 
diphenyl, and therefore that the internuclear bond has some of the properties of a double 
bond. 

TABLE I. 


Absorption spectra of some aromatic compounds in ethyl alcohol. 


e/ e/ 
A, (no. of A, (no. of 
max, benzene max., benzene 
‘ €. nuclei). A. €. nuclei). 
Benzene *_ ............... 2550 213 213 Diphenylethane f 2620 380 190 
: 2620* 490 2500 18,000 
Eighengtethane 2620 380 Diphenyl ............... 22510 ¢ 17,000 
Triphenylmethane * ... 2620 870 2480§ 19,500 
Tetraphenylmethane ... 2620 2020 Stilbene ¢ ............... 2950 23,400 


* Orndorff and collaborators (J. Amer. Chem. Soc., 1927, 49, 1541; 1928, 50, 835). 

t Mme. Ramart-Lucas (Bull. Soc. chim., 1932, §1, 289). 

t Ley, ‘‘ Handbuch der Physik,” vol. XXI, 121 (Berlin). 

§ Data for solution in methyl alcohol (Pestemer and Wiligut, Monatsh., 1935, 66, 119). 


Many representative hydrocarbons consisting of chains of benzene nuclei are now available 
for study : in the p-series, terphenyl, quaterphenyl, quinquiphenyl (Gerngross and Dunkel, 
Ber., 1924, 57, 739; Busch and Weber, J. pr. Chem., 1936, 146, 1; Miiller and Tépel, Ber., 
1939, 72, 290), sexiphenyl (Pummerer e¢ al., Ber., 1924, 57, 84; 1931, 64, 2477; Busch and 
Weber, Joc. cit.), and septiphenyl (Busch and Weber, loc. cit.); in the m-series, terphenyl 
and hydrocarbons containing 9—16 benzene nuclei (Busch and Weber, Joc. cit.). In the p- 
polyphenyl * series, if the internuclear bonds take some part in the conjugation of the 
molecule as a whole then a progressive displacement of the absorption bands would be 
anticipated as additional benzene nuclei are added to the diphenyl molecule at the p- 
positions. On the other hand, in the m-series, because of the valency requirements of the 
carbon atoms, simple conjugation in the conventional sense cannot extend beyond that 
inherent in the diphenyl structure, and any hydrocarbon containing m benzene nuclei united 
together at the m-positions should act as an absorbing entity made up of /2 diphenyl 
units independently conjugated. In this case no displacement in the position of the absorp- 
tion bands would be expected as the chain is lengthened, although a progressive increase in 
the intensity of the absorption would be expected. 

In the present investigation measurements of the absorption spectra of ter-, heatib 
quinqui-, and sexi-phenyl have been made in the f-series. The expected displacement of 
the absorption band was revealed, as also was an increase in the intensity of absorption 
(cf. Table II and Figs. 1 and 2) but the extent of the displacement decreases significantly 
with the progressive lengthening of the chain. 


TABLE II. 
Absorption spectra of p-polyphenyl compounds. 


In hexane. In chloroform. 


A 





Compound. Formula. M. A, max., A. e,max. A, max., A. e¢, max. 
(Diphenyl CisH 154 2460 20,300 2515 18,300) 
Terphenyl CieHi, 230 2760 35,000 2800 25,000 
Quaterpheny! .. scacsciwehes. Sinaliaa 306 2920 55,000 3000 39,000 
Quinquipheny! ... Cy)Ho. 382 oo — 3100 62,500 
Sexiphenyl dcncsnsh Gugiied 458 3080 — 3175 >56,000 


In the m-series of compounds containing 3, 9, 10, 11, 12, 13, 14, 15, or 16 benzene 
nuclei, only one absorption band was exhibited by the chloroform solution of each compound, 
the maximum being in each case at 2530 + 20 A, which is almost identical with that found 
in diphenyl itself. On the other hand, a regular increase in the intensity of absorption was 


* The term “ polyphenyl ”’ is not strictly correct as a generic name for these compounds, but it is 
short and convenient and, following the German usage, has been adopted here with this reservation. 
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exhibited with progressive lengthening of the chain. In fact, the observed intensities are 
remarkably close to those to be expected from a simple summation of the absorptions due to 
the unconjugated chromophores present (cf. Table III). The contributions of the individual 
benzene nuclei to the gross intensity of absorption are much closer to the mean value in the 
m-polyphenyls than they are in the various phenylmethanes (cf. Table I). Theincrements by 
which the intensities of absorption change from member to member in these two series are, 
however, markedly different (cf. Tables I and III). 


TABLE III. 


Absorption spectra of the m-polyphenyl compounds in chloroform. 
' no. of 
Compound. Formula. M. A, max., A, €. Ade... nuclei). 


pS Pr ares 154 2515 18,300 9,000) 
TREE chivtgeecsspeasqrsceqpthecx, . Coa 230 2515 44,000 14,700 
NOVEPRGMY! hidcis cis ccrcdccosddccsccte | CogMge 686 2530 184,000 20,500 
Decipheny] 6.666.005 ..ccccisccssosicsss ~~ Cog hhee 762 2530 213,000 21,300 
Undecipinemyl 4... ic..dacciscescecsctee  Cogklge 838 2530 215,000 19,500 
DUOUOCIMIOIEGT |, ..ccccccccéscccccese Cok 914 2530 233,000 19,400 
THOMSCHBMOMGE) | ois. ccdecscsidsessce | Cog hge 990 2530 252,000 19,400 
Quattuordeciphenyl ............... CggHs, 1066 2530 283,000 20,700 
COUURCIIOTYL «2. .cccicscsccsescece, Cosine 1142 2540 309,000 20,600 
TURNED asccsesnsiccseseessssccce Cian 1218 2550 320,000 * 20,000 

Average (last 8 only) 20,100 


* This value is only approximate owing to the very low solubility of the compound. 


These results indicate that, whereas some degree of conjugation is possible throughout 
the whole molecule in thé p-series of hydrocarbons, in the m-series the optical properties are 
more consistent with the presence of a number of identical unconjugated chromophoric 
units. 

It is noteworthy that, in contrast to benzene, diphenylmethane, triphenylmethane, 
naphthalene, anthracene, and similar compounds, solutions of which exhibit absorption 
bands showing considerable fine structure, all the polyphenyl compounds discussed here 
exhibit broad absorption bands showing only one maximum completely without fine 
structure. Pickett, Walter, and France (J. Amer. Chem. Soc., 1936, 58, 2296) studied the 
absorption spectra of certain substituted derivatives of diphenyl and found that, in the 
compounds in which free rotation about the internuclear bond is supposedly restricted by 
the presence of substituent groups, the absorption curve exhibits fine structure. Con- 
versely, when free rotation of the nuclei is possible the fine structure disappears. 

A comparison of the optical properties of aromatic and ethylenic compounds by Kuhn 
and Grundmann (Ber., 1937, 70, 1318) led to the conclusion that the benzene nucleus as a 
chromophoric unit is approximately equivalent to 14 conjugated double bonds. In 
p-sexiphenyl, the highest member of the p-series studied, the complete chromophoric system 
might therefore be expected to correspond with nine conjugated double bonds. By analogy 
with diphenyldodecahexaene (having the equivalent of nine conjugated double bonds) 
and members of the carotenoid group of compounds having 8—10 double bonds in conjuga- 
tion, p-sexiphenyl should exhibit an absorption maximum in the visible region of the spec- 
trum and so be visibly coloured, but it is practically colourless and its absorption maximum 
occurs well outside the confines of the visible and into the ultra-violet (max. 3175 A in 
chloroform). It must therefore be concluded that the measure of conjugation which has 
been indicated as existing in the p-polyphenyl compounds, from the evidence of absorption- 
spectra data, must be less effective than that which occurs when benzene nuclei are associ- 
ated with conjugated ethylene linkages as in the diphenylpolyenes. 

In order to account for the enormous increase in intensity of absorption which occurs 
in passing from benzene to diphenyl, as well as for the absorption of the m-polyphenyl 
compounds, it might at first be thought reasonable to postulate the diphenyl structure itself 
as the chromophore; but from the facts that the location of the absorption band for 
members of this series having either odd or even numbers of benzene nuclei is remarkably 
constant, and that the intensity increment for one added benzene nucleus, in the higher 
members at least, is also remarkably constant, it follows that the diphenyl group itself is 
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unlikely to be the chromophoric unit (cf. Table III). If, on the other hand, the chromo- 
phoric group is regarded as a ‘‘ semidiphenyl ’’ unit (as distinct from a single benzene nucleus) 
the locations and intensities of absorption of the members of the m-series can be visualised 
as simple summations of such unconjugated semidiphenyl units producing therefore no 
displacement of the absorption band but a regular increase in intensity. That such a 
half-diphenyl unit is vastly different from an isolated benzene nucleus is shown by the fact 
that whereas 15 unconjugated benzene nuclei in m-quindeciphenyl give an observed value 
for the molecular extinction coefficient of over 300,000, the summation of 15 isolated 
benzene nuclei of the type occurring in di- and tri-phenylmethane would be expected to 
have an extinction coefficient of the order of 3,000—4,000 (7.¢., 1% of the observed value). 

It is noteworthy that these polyphenyl compounds, and particularly the higher members 
of the m-series, with their unusually large number of chromophoric groups in one molecule 
and high molecular weights, are among the few organic compounds having molecular 
extinction coefficients of the order of one third of a million. It is this high intrinsic absorp- 
tion (apart from molar weight) which makes it possible to detect and determine these 
compounds even with their minute solubilities; ¢.g., 1 part of m-quindeciphenyl can be 
detected and determined quantitatively in about 3-5 million parts of solvent or other 
transparent medium. 

EXPERIMENTAL. 


Hydrocarbons.—Tetraphenylmethane (m. p. 274—275°, from toluene) was obtained by the 
decomposition of phenylazotriphenylmethane in benzene solution (Hey, J., 1934, 1968). 
p-Terphenyl (m. p. 212°, from alcohol) was obtained by the interaction of either (a) 4-nitro- 
soacetamidodiphenyl or (b) dinitrosodiacetyl-1 : 4-phenylenediamine with benzene (France, 
Heilbron, and Hey, J., 1938, 1370). -Quaterphenyl (m. p. 312°, from boiling benzene) was 
prepared in like manner from the interaction of dinitrosodiacetylbenzidine with benzene (Dr. 
J. W. Haworth, unpublished work). For a further sample of this hydrocarbon we are indebted 
to Dr. S. T. Bowden, University College of South Wales and Monmouthshire, Cardiff, who 
obtained it by heating 4-iododiphenyl with copper-bronze as well as by the action of anhydrous 
cupric chloride on a magnesium 4-diphenylyl halide (J., 1931, 1111). -Quinquiphenyl was 
prepared from a specimen of the quinhydrone of quinquiphenyl-dihydroquinquipheny] (kindly 
supplied by Dr. Eugen Miiller of the University of Jena), which was dehydrogenated with selenium 
in boiling quinoline solution (cf. Miiller and Tépel, Joc. cit.). The hydrocarbon, purified by 
sublimation in a vacuum (ca. 200°/0-01 mm.), was obtained as a white microcrystalline powder, 
m. p. 380° (uncorr.). p-Sexiphenyl was prepared by heating either (a) 4-iodo-p-terphenyl 
(France, Heilbron, and Hey, loc. cit.) with silver powder, or (b) 4 : 4’-di-iododiphenyl with copper- 
bronze, as described by Pummerer and his co-workers (Ber., 1924, 57, 84; 1931, 64, 2477). 
The latter method gave the better product : the hydrocarbon finally sublimed at 340—350°/0-01 
mm. as a very pale cream powder, m. p. >400° (Found: C, 93-8; H, 5-8. Calc. for C3,H,, : 
C, 94-3; H, 5-7%). m-Terphenyl (m. p. 89°, from methyl alcohol) was obtained either (a) by 
the dehydrogenation of 1 : 3-diphenylcyclohexene, or (b) by the interaction of 3-nitrosoacet- 
amidodiphenyl with benzene (Dr. H. France, unpublished work). The members of the m-series 
containing 9—16 benzene nuclei were received from Prof. Dr. Max Busch, University of Erlangen. 

Determination of Absorption Spectra.—The lower members of the m-series are very sparingly 
soluble in pure benzene-free hexane, so this solvent was abandoned in favour of chloroform. 
Even here the solubility is very small and falls progressively as the series is ascended. With 
the higher members (C,,—C,,) it was only possible to obtain satisfactory solutions (of the order 
of 0-0002%) by weighing out about 1 mg. on a microbalance and refluxing it with chloroform 
(500 ml.) until dissolved, but 1-14 mg. of m-sedecipheny] failed to dissolve completely even when 
refluxed with 500 ml. of chloroform, although 0-81 mg. dissolved almost completely in this 
volume; the extinction coefficient recorded for this compound is therefore only approximate 
but probably within 5% of the true value. In the p-series the compounds are even less soluble, 
and the relatively simple p-sexipheny] is only sufficiently soluble in hexane to obtain the location 
of the maximum but not its intensity. In chloroform the compound is more soluble, but not 
sufficiently so to enable the extinction coefficient to be obtained with accuracy (solution 
0-00037%). 

The absorption-spectra determinations were carried out on a Hilger E3 quartz spectrograph 
which photographs the region 2200—4000 A on a strip 14 cm. long. The light source was a 
tungsten-steel spark giving a spectrum of closely packed lines approximating to a continuous 
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spectrum in the sense that it provides a background with relatively few gaps. The Hilger 
Spekker photometer was used exclusively for the determination of extinction coefficients. 
The molecular extinction coefficient (e) is obtained from the relation log J,/J = density = ecd, 
where J, is the intensity of the incident light, J that of the transmitted light, c the concentra- 
tion of the solution (in g.-mols./l.), and d the thickness of the layer of solution (in cm.). 


The authors express their grateful thanks to Prof. Dr. Max Busch of the University of Erlangen 
for the gift of specimens of the m-polyphenyl compounds from noviphenyl to sedeciphenyl 
inclusive. 
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258. The Light Absorption of Organic Compounds, and the Nature 
of Unsaturated Linkages. 


By A. BurRAwoy. 


The two topics mentioned in the title are related. It will first be shown that two 
different types of group producing two different types of absorption band are respon- 
sible for the light absorption between 2000 and 8000 a. of all organic compounds : (i) 
‘‘ Multiple ’’ linkages in a radical state, indicated in (I), and unsaturated atoms of 
free (mono)radicals such as triphenylmethyl (R-chromophores; R-bands) ; (ii) conjug- 
ated systems, i.e., all systems expressed by (II) (K-chromophores, K-bands). (For 
the conception of a conjugated system, cf. J. pr. Chem., 1932, 135, 145.) 


(L) E—E’ (II). A-[CH:CH],CH:B 
+ + + 
(A=R, OR, SR, NR,, O-, S-, NR-; B=CR,, NR, O, S, NR,, OR, SR.) 


From this it will be concluded that organic compounds containing multiple link- 
ages represent equilibria between electron-isomeric molecules, i.e., molecules of the 
same atomic but different electronic structure. They may appear as (bi)radicals 
(III), as molecules with “‘ perfected ’’ conjugated systems (IV), and, as can be shown 
indirectly, as saturated molecules with real double bonds (V). 


(III). eveeli uit. i (IV.) E=E’—E"=E” os (V.) E=—E’—E""—E’" 

The first two states contain the chromophores responsible for the absorption bands 
between 2000 and 8000.,., the saturated molecules not absorbing in this spectral 
region (for the interpretation of the states containing the R- or K-chromophores, see 
p. 1187). 


It will also be shown that this result agrees with or is supported by the other pro- 
perties of compounds with unsaturated linkages. 


LicuT absorption in the ultra-violet and in the visible spectral region is due to electrons 
(the fine structure of these bands due to vibrational and rotational differences of the mole- 
cules can be neglected for present purposes). Experience has shown that organic compounds 
containing only saturated bonds show only absorption bands with a maximum below 
2000 a., whereas absorption in the longer ultra-violet and in the visible spectrum is always 
connected with the presence of so-called multiple linkages or such unsaturated atoms as 
the methyl carbon atom of the triarylmethyls. The present investigation is concerned 
with this empirically limited, but clearly defined, spectral region. 

According to experience, not more than one electron of every molecule of an organic 
compound takes part in the absorption between 2000 and 8000 A., and its effect is purely 
constitutive. The problem is therefore to determine which atomic groups possess the 
electron or electronic system responsible for the appearance of the absorption bands 
between 2000 and 8000 a. Such groups are called chromophoric groups. 


* The dots only formally indicate a conjugated system. 
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With this problem is connected the investigation of the influence of changes in the 
chromophoric group or its substituents on the absorption bands. The laws governing 
these changes can only be established empirically owing to the constitutive nature of light 
absorption, and it is the object of these investigations to classify the absorption bands 
and to study the laws governing them. Obviously, it is necessary to identify these ab- 
sorbing groups chemically before their electronic structure can be studied by the methods of 
theoretical physics. 

The two different types of chromophoric groups and absorption bands will now be dis- 
cussed separately, but it must be remembered that the spectra of most organic compounds 
show many absorption bands, often of both types. Unless stated to the contrary, the 
spectra of the substances given as examples are new determinations carried out with a 
Hilger E3 quartz spectrograph fitted with a Spekker photometer, a tungsten-steel high- 
tension spark being employed as the source of light. The molecular extinction coefficient 
e is defined by I/I, = 10-*, and all values of 2 are given in Angstrém units. = 

R-Chromophores (Radical Chromophores),—The spectra of organic compounds containing 
only single bonds, ¢.g., hexane and cyclohexane, do not show absorption bands with a maxi- 
mum between 2000 and 8000 A.; these only appear in compounds like acetone, trimethyl- 
ethylene, nitromethane, azomethane, keten, tetramethylethylene nitrosochloride, etc. 
[Table I, (i)—(vi)], and are doubtless due to the double bonds present in these compounds. 
All these absorption bands (R-bands) belong to the same type; for they all obey the same 
very characteristic optical laws (see also Burawoy, Ber., 1930, 68, 3155; J., 1937, 1865). 

The following statements refer to the R-bands. 

(1) The R-bands have values of ¢ less than 2000. 

(2) The effect of substitution of different hydrocarbon residues is shown in Table IT. 


TABLE I. 


Compound. Solvent. Colour. Amax.: 
CMe—O EtOH 2720 


—— 
SESSOR! 
Ceocege® . 


CMe,—CHMe * CoH 2340 


NMeO—O Eto 2710 
NMe=——NMe t¢ in 3470 
CH,—=Cc—0 t¢ C,H, 3240 
CMe,Cl-CMe,-N——O § C,H, Blue 6900 
SMe-N=——O — Red _ 
C,H, ,-O-N=——O EtOH Yellowish 3720 || 
3570 
3445 
3330 
3240 
NMe,-N——O EtOH Yellowish 3435 
CPh,—_S Et,O 6050 
C(p-OEt-C,H,),—=S Me : 5925 
C(p-NMe,+C,H,),—S 3 5730 
NPh—=NPh C.Hy i 4480 
m-OMe:-C,H,-N——NPh ‘ 4445 
p-OMe-C,H,-N—NPh fe 4400 
* Liithy, Z. physikal. Chem., 1923, 107, 285. 
+ Hantzsch and Lifschitz, Ber., 1912, 45, 3011. 
} Lardy, J. Chim. physique, 1924, 21, 281. 
Hammick and Lister, J., 1937, 491. 
|| Fine structure. 


i hn) 


N~1-1 
So ORD 
coco 


TABLE II. 
CMeR=0O, * NR:NPh in hexane (Fig. 1). 


Amax.: €nax.- R. Amax.: €max.- 
2747 17-1 CH, 4035 87 
2770 19-4 C,H, 4480 425 
2790 21-2 C,H,°Ph 4505 900 
2790 21-2 a-CyH, 4630 1170 
2810 21-2 

2850 21-2 


* Rice, J. Amer. Chem. Soc., 1920, 42, 727. 
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(3) Substitution by NR,, OR, and SR groups displaces the band to shorter wave- 
lengths [compare Table I, (vi)—{ix)], but in aromatic compounds their effect is only slight 
[Table I, (x)—(xv), and Fig. 2]. 

(4) R-Bands are displaced to shorter wave-lengths (with increasing intensity) as the 
dielectric constant (dipole moment) of the solvent increases (Table VIII). 

(5) Addition of an acid molecule, 1.¢e., of a hydrogen nucleus, to the chromophoric 
“double ’’ bond group destroys these absorption bands in all cases; e¢.g., the band of the 
thiocarbonyl group, responsible for a blue colour [see Table I (x)], disappears in the corre- 
sponding orange salts, and the band of the carbonyl group in mesityl oxide or of the azo- 
group in azobenzene disappears in their salts (see Table X). Hence, these low-intensity 
bands do not appear in the spectra of organic cations. 

(6) These absorption bands are not due to the saturated double bonds E=E’, but to a 
radical state of such groups indicated by se This follows from the fact that the laws 


governing the absorption by such bonds are similar to those regulating absorption by free 
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m-Methoxyazobenzene, 


Benzeneazodiphenyl. -- +—.-— p-Methoxyazobenzene. 
- Benzeneazo-a-naphthalene. 


radicals, ¢.g., the triarylmethyls. Substitution by different hydrocarbon groups and, 
e.g., the amino- and/or the hydroxyl group has the same characteristic effect in both cases ; 
for instance, triphenylmethy]l is yellow, diphenyldiphenylylmethyl is orange, diphenyl-«- 
naphthylmethyl is red, #f’p’’-triaminotriphenylmethyl is as yellow as triphenylmethyl 
(Wieland, Popper, and Seefried, Ber., 1922, 55, 1816), and pp’-dimethoxydiphenylnitrogen 
oxide, (CgH,-OMe),NO, is only yellow, whereas diphenylnitrogen oxide is red (Wieland 
and Offenbacher, Ber., 1914, 47, 2111; Meyer and Gottlieb-Billroth, Ber., 1919, 52, 1476; 
1922, 55, 823). The absorption band of triphenylmethy] (5160 a.), like all other R-bands, 
disappears in its cation, being replaced by a new band at shorter wave-lengths (4250 A.) 
produced by the conjugated system present in the ion. 

Furthermore, both the intensity of the R-bands and the dissociation of ethanes into 
radicals, CR,°CR, == 2CR,*, increase in the same series of substituents, ¢.g., 
Me < Et < Pr < Bu; Alk < Ph < C,H,’Ph < a-C,)H,; Ph < m-C,H,OMe < p-C,H,-OMe 
< p-C,H,"NMe, (compare Tables I and II). This is to be expected, since the number of the 
(bi)radicals, ¢.g., R,5C=-O == R,C-9, is then becoming greater. The fact is also explained 
that single bonds, in contrast to “‘ double ’’ bonds, do not show absorption in the spectral 
region considered, 
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K-Chromophores.—Compounds such as acetone, ethylene, nitromethane, tetramethyl- 
ethylene nitrosochloride (examined by us), azomethane, and keten have only low-intensity 
absorption bands between 2000 and 80004. Bands with high values of ¢ (ca. 10—10°) 
appear only in the spectra of substances containing a ‘‘ conjugated ’’ system, 7.¢., at least 
two adjacent double-bond groups or one double-bond group connected with an amino-, 
hydroxyl, or thiol group (Table III). In fact, such bands are always due to conjugated 
systems as indicated by formula (II). 

The intensive band of ethylene at 1800 A. appears to be different from the K-bands and 
should be attributed to electrons of the saturated ethenoid linkage. Whereas a K-band 
only changes its position with increasing length of the absorbing conjugated system, the 
ethylene band does not disappear in the spectrum of a compound with neighbouring 
double bonds, although a new absorpticn band (K-band) above 2000 A. appears; ¢.g., both 
mesityl oxide and cyclohexa-A1‘’-diene show not only a band above 2000 a., but also the 
ethylene band below 2000 a. (for diagrams, see Ley and Wingchen, Ber., 1934, 67, 501; 
Allsopp, Proc. Roy. Soc., 1934, A, 148, 618). 
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Thioacetamide. Citral. Semicarbazones of 
Benzeneazomethane. -x-x- Citrylideneacetaldehyde. -»- - Citral. 
Mesityl oxide. — — —— Citrylidenecroton- Citrylideneacetaldehyde. 
2 — — — — Dimethylnitrosoamine. aldehyde. — ~— — — Citrylidenecrotonaldehyde 
(m. p. 160°). 


The K-bands have the following important features (see also Ber., 1930,63, 3155; 1931, 
64, 462; J., 1937, 1865) : 

(1) Higher intensities than the R-bands. 

(2) Displacement towards longer wave-lengths with increasing length of the conjugated 
system (II; » = 1, 2,3, . . .}(Table IV), and in the series of terminal atoms NH< O<S 
(II; B = NH, O, S) (Table V). 

(3) Displacement towards longer wave-lengths by introduction of an amino-, hydroxyl, 
or thiol group at the other end of the conjugated system, the first group having a much 
greater effect than the second (II; A= NH,,OH,SH). Hence, the polarity of the con- 
jugated system is an important factor determining the position of the band (Table VI). 


TABLE III (Fig. 3). 
Compound. Solvent. p oy €mazx.: Compound. Solvent. Ames. max. 
CH,:CMe-CMe:CH, * C,Hy, 2260 20,000 NMe,:N:O EtOH 2305 7,000 


CMe,:CH-CMg:O EtOH 2370 11,500 tii 2650 12,900 


2605 7,800 


* Scheibe, Ber., 1926, 59, 1333. 
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(4) On the other hand, when the amino-, hydroxyl, or thiol group is in a side chain 
(substituent) of the absorbing conjugated system, the absorption band moves to shorter 
wave-lengths or is almost unaffected. Table VII shows these different effects for the case 
of benzophenone and some of its derivatives (cf. also Table IX). 


TABLE IV (Figs. 4 and 5). 
CH,-CH:CMe, CH,CH:CMe, 
Crt {CH:CH),-CHO. H,-(CH:CH],°CH:N-NH-CO-NH,. 





Amax.: €max.- 

2720 31,400 
2900 ' 3050 47,200 
3145 2. 3260 27,100 


TABLE V (Figs. 6 and 7). 
Substance Substance. 
NMe,°C,H,-C(C,H,-NMe,):X (in EtOH). 
¥ sg ee 
(in EtOH). ins ; DP ce 
x Gee its 3210 , = 
i... ee ” 
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sia Toto: ve yap ---- Wnt 
none. none. 
— — —-— pp’-Tetramethyldiamino- 2 p-Dimethylaminobenzo- 
thiobenzophenone. phenone. 
2 — — —— pp’-Tetramethyldiamino- 
benzophenone 


TABLE VI. 
Substance Substance 


(in EtOH) (Fig. 9). Amaze ate ‘in C,H,,.* eat 
ual: Cn 9,000 a 


20,000 R= OMe ....... 3885 
4205 23,800 BR ae Milo, cenvcecceese,. ND 


* Compare J., 1937, 1865, Fig. 2. 


(5) K-Bands, in contrast to R-bands, are displaced towards longer wave-lengths with 
increasing dielectric constant of the solvent (Table VIII). The contradictory behaviour 
of the carboxylic acids (Ley and Wingchen, Joc. cit.) can be attributed to a superposition 

4 ° 
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on the normal solvent effect of the effect of a different degree of association or hydroxonium 
salt formation, the corresponding ethers showing a normal behaviour (Ley and Hiinecke, 
Ber., 1926, 59, 510). 

TABLE VII (Fig. 8). 


Compound (in EtOH). 
F res oa ake 
= she i. 


(p)- 5 esinin H,-CPh: . 





(p)- Nie; H,°CPh: e eoee 


(p)- NMey C,Hy C(C,.Hy NMe,):0 O. 


TABLE VIII. 
R-Band. 








CMe,:CH-CH,CH,CMe:CH-CHO (Fig. 11). 


In hexane 
,, alcohol 


- OEtC Hy C(CoHy OEt):S S (Fig. 12). 


In hexane 
, alcohol 


p-OMe-C,HyN:NPh (J., 1937, 1865, Fig. 7). 
i | 


SA SS ne a ee a 750 3385 24,750 
ic ~ Sen ee wan er 1050 3420 24,000 


(6) In principle the origin and the laws of absorption of organic homopolar compounds 
and organic ions are similar. In the conjugated systems of cations there are only the 


terminal positively charged atoms NH,, OH, SH instead of N, O, $ (II, B). The C=NH, 


+ 
group has a smaller effect than the C-OH group in displacing the absorption band to longer 
wave-lengths, which may be compared with the smaller effect of the C--NH group than of 
the C=O group in homopolar compounds. For instance, the p-dimethylaminotriphenyl- 
methyl ion absorbs at shorter wave-lengths than the p-methoxy-analogue (Table IX). 
On the other hand, as in homopolar compounds, a further (uncharged) dimethylamino- 


TaBLE IX (cf. Brand e¢ al., J. pr. Chem., 1925, 109, 1, and Burawoy, Ber., 1933, 66, 228). 
A. 





[1939] and the Nature of Unsaturated Linkages. 1183 


group, in the second benzene ring, 7.e., at the other end of the absorbing conjugated system, 
displaces the absorption band more to longer wave-lengths than a hydroxyl group, and yet 
a further group, in the third benzene ring, being in a branch, moves the absorption band to 
shorter wave-lengths (Table IX) (for further details, see Burawoy, Ber., 1931, 64, 1636). 
Incidentally, these facts prove the asymmetric structure of the absorbing ions. 

(7) Unlike the R-bands, the K-bands do not disappear in the spectra of organic cations 
(by addition of an acid molecule to a homopolar compound). A replacement of the ter- 
minal atoms N, O, S (II, B=NH, O, S) by the same, but positively charged atom 


B=NH . OH, SH always displaces the absorption band to longer wave-lengths (Table X). 
( 2 ys Gisp Tp 


TABLE X. 
R-Band. K-Band. 








t 


Substance. Solvent. ) TN max. Amen. €max.- 
Et,O 6200 70 3150 17,000 


Conc, H,SO, 25,000 
C,H, 20,000 


Conc. H,SO, , 4225 28,800 


EtOH 2370 11,500 


+ 
[CMeg:CH-CMe20H] ......200eeseee2 Cone. H,SO, = 2815 17,300 


bo we en enn ne et 


* Ber., 1931, 64, 462, Fig. 9. Tt J., 1937, 1865, Fig. 8. t This paper, Fig. 13. 


(8) It is remarkable, however, that, if on the “‘ positive ’’ end of the conjugated system 
a group is present which has a greater tendency to lose an electron than the group formed 
by addition of the hydrogen nucleus, an interchange of the “‘ negative ’’’ and “ positive ’’ 
end of the conjugated system takes place, and the K-band is displaced to shorter wave- 
lengths. For instance, the K-band of p-nitrosodimethylaniline (VI) is displaced to shorter 
wave-lengths by addition of acid, since the absorbing ion has the structure (VII) and not 
(VIII), which certainly would absorb at longer wave-lengths (Table XI) (see also Ber., 


1931, 64, 477). 


TABLE XI (Fig. 10). 


Substance (in EtOH). 
(VI.) NMe,°C,H,-N:O a AAL aes 


+ 
(VIII) (NMe,-CpHyNiIOH) Cl- ou... cece eeeeee ee 


(9) In conjugated systems of anions, instead of the amino-, hydroxyl, and thiol groups 
(II; A=NHg, OH, SH) there are the negatively charged atoms (II; A= N ,0O-,S~), which 
have the same functions and have a stronger effect than the uncharged atoms (see, further, 
Ber., 1931, 64, 479). 

Theory of Chromophores and Auxochromes.—The foregoing results lead to the following 
theory. (i) A chromophore is an atom or group which is responsible for the appearance of a 
certain absorption band, in contrast to the various substituents, which only produce a 
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displacement of the band. The light absorption of homopolar organic compounds and of 
organic cations and anions is due either to unsaturated atoms of free radicals and multiple 
linkages in a radical state (R-chromophores) or to conjugated systems (K-chromophores). 
(ii) The so-called auxochromic groups (NR3, OR, SR) in both homopolar compounds and 
ions displace the absorption band to considerably longer wave-lengths if they are on the end 
of the conjugated system producing the K-band. On the other hand, in a branch of the 
chromophoric groups (as substituents of both the R- and also the K-chromophores) they 
either displace the absorption band to shorter wave-lengths or have no appreciable effect. 
When they are positively charged, they again behave differently, having the same functions 
as the atoms N, O,S of the groups C=NH, C=O, C-S, etc. (II, B). Furthermore, the latter 
atoms, when negatively charged, again behave like the uncharged groups NR,, OR, SR 
(II, A). Thus the conception of ‘‘ auxochromic’”’ groups is meaningless if applied to the 
light-absorbing properties of a substance, which have no relation to the dyeing properties. 
Actually, the bathochromic effect of all the groups (atoms) N Rg, OR, SR, NR-, O-, S~ 


and of the groups C=CR,, C=-NR, C=O, C=S, C=NR,, C=OR, C=SRi is in the first case due to 
the increase of the length of the absorbing conjugated system. In addition, the neutral 
and charged atoms C, N, O, S of all these groups determine the position of the absorption 
band, obviously by varying the polarity of the chromophoric system (probably the electron 


Fic. 9. Fie. 10. 
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displacement within these systems). In view of this, the author has introduced the con- 
ception of the “‘ auxochromic ’’ atom, defined as follows : Auxochromic atoms are the terminal 
atoms of chromophoric groups (conjugated systems). This definition also implies that their 
effect is not a specific property of certain atoms or groups, but is dependent on their position. 
A distinction may be made between “ positive’’ and “‘ negative’’ auxochromic atoms : 
the atoms N, O, S of the groups NR, OR, SR, and all negatively charged atoms in anions 
(II, A), are in the former category, whereas the atoms N, O, S of the groups C=NR, C-O, 
C=S, N=NR, N=O and the positively charged atoms in cations (II, B) are in the latter. The 
uncharged carbon atom (of a C=C group) may have both functions (for the charged carbon 
atom, see J. pr. Chem., 1932, 185, 145). 

The benzene absorption band of low intensity, appearing also in its simple derivatives 
and complicated condensed aromatic hydrocarbons, is probably also an R-band, although 
subject to different laws (cf. Burawoy, Ber., 1930, 68, 3157; Amnalen, 1933, 503, 194; 
Pestemer et al., Monatsh., 1932, 59, 113 and later; Clar e al., Ber., 1932, 65, 503, 846, 1411, 
1521 and later). 

Nature of the So-called Multiple or Unsaturated Linkages.—Evidence for the existence of 
multiple linkages may be forthcoming from the stability of stereoisomers due to such bonds 
and, especially, from the fact that, according to the heats of combustion, the formation 
energy of the first bond is of the same order as that of the supposed second and third bond 
of multiple linkages (50—100 kg.-cals.) (see Sidgwick, Sutton, and Thomas, J., 1933, 406, 
and Burawoy, Z. physikal. Chem., 1933, 166, 393, for table of heats of formation). 
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On the other hand, the classical theory of multiple linkages does not explain: (i) the 
greater reactivity of the second and third link than of the first; (ii) the ability of organic 
compounds with several neighbouring groups of unsaturated bonds to add reagents both 
at the atoms of a single group and at the ends of such a system; (iii) the appearance and 
constitutive nature of the light absorption between 2000 and 8000 a., in contrast to the 
behaviour of single linkages. Whereas previous attempts to modify this theory have only 
considered the chemical reactivity, the following discussion and conclusions are mainly based 
on the optical properties. 

In the spectra of most organic compounds several absorption bands are present, often 
both R- and K-bands (compare Ber., 1931, 64, 473). In addition, some bands may be 
obscured owing to superposition by others. There is no possibility for different chromo- 
phoric groups, particularly of both types, to be present in the same molecule; ¢.g., in 
mesityl oxide there can be present either the carbonyl group in a radical state (IX) or a 
“‘ perfected ’’ conjugated system (X),* but not both together. 


(x.  CMes=CH—CMe—0 CMe,=CH—CMe=0 (x,) 





Fic. 13. 
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For this reason the chromophoric groups responsible for the different absorption bands 
of a compound must be present in different electron-isomeric molecules. (There is no con- 
nection between such molecules and the so-called resonance states : the former are existing 
states, being distinguished by different chemical and physical properties such as the light 
absorption, whereas the latter are non-existent, fictitious states.) This view is strongly 
supported by the fact that for a given series of substituents both the dissociation of the 
ethanes and hydrazines and the intensity of the. R-bands increase in the same order, the 
latter thus showing an increase of the number of (bi)radical molecules. 

Calculations based on the dispersion theory show that in all organic compounds less 
than one electron per molecule takes part in the total absorption between 2000 and 8000 a., 
and, of course, also in the absorption of every single absorption band. This is further 


* A distinction may be made between a system of neighbouring double-bond groups with alternating 
real single and double bonds and the same system in a different state, where no real single and double 
bonds are present, a ‘‘ perfected ’’ conjugated system. 
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independent evidence that one molecule never possesses more than one chromophoric 
group,* and that all the molecules of a compound are not identical. 

It is, undoubtedly, very important that the excited states producing the R- and K-bands 
represent molecules in which a bond of a multiple linkage is split up (R-molecules) or a 
conjugated system is formed (K-molecules) (for the numbers of these molecules, see Z. 
wiss. Phot., 1934, 32, 289). Although the valency state of these systems is not yet clearly 
understood, it is certainly different from the state expressed by real single and double 
bonds (cf. p. 1187). 

In the study of the constitution of organic compounds, the further problem arises that, 
in addition to the above states, an equilibrium exists with others, which do not absorb 
between 2000 and 8000 A. and probably correspond to the states expressed by the usual 
structural formule with real double bonds. The heats of formation derived from the heats 
of combustion already discussed, and possibly the comparatively great stability of geomet- 
rically stereoisomeric compounds, afford evidence for the existence of such isomers, as 
also does the fact that only a fraction of all the molecules takes part in the light absorption 
between 2000 and 8000 a. 

The results obtained from absorption investigations cannot be explained by the assump- 
tion that all molecules of a compound are in the same state corresponding to the usual 
structural formule, and that the R- and K-states are only the end (excited) states of the 
electron transition connected with the light absorption. 

(i) The absorption bands of the multiple linkages and of radicals such as the triaryl- 
methyls not only appear in the same spectral region, but also follow the same optical laws. 
This fact represents the main evidence for the radical character of the chromophoric 
multiple linkages and excludes the possibility that the multiple linkages are transformed 
into a radical state by light absorption, since the characteristic absorption of such radicals 
as the triarylmethyls is certainly due to a radical-like ground state of the absorption. 

(ii) Absorption between 2000 and 8000 A. corresponds to an energy increase of about 
142—35 kg.-cals. If this corresponded to the dissociation energy of multiple linkages 
passing into a radical state, it could not be understood why single linkages showing similar 
dissociation energies (50—100 kg.-cals.) also do not absorb in this spectral region and why 
multiple linkages react much more easily than single linkages. Furthermore, the great 
chemical reactivity of multiple linkages in itself could scarcely be explained by assuming 
such high dissociation energies. 

(iii) Conjugated systems as indicated in formula (II) are responsible, not only for the 
K-bands, but also for certain anomalies of the dipole moment, which are due to a permanent 
polarisation and not to the polarisibility of the molecule. For instance, the dipole moments 
of -nitroaniline (6-4), -nitrodimethylaniline (6-15), -nitrosodimethylaniline (6-75), 
p-aminoacetophenone (4-29), p-aminoazobenzene (2-71), and #-dimethylaminoazobenzene 
(3-68) are about 1 unit higher than those calculated from the moments of the corresponding 
aromatic parent substances nitrobenzene (3-9), acetophenone (2-97), azobenzene (0-0), 
aniline (1-5), and dimethylaniline (1-58) respectively (cf. Trans. Faraday Soc., 1934, 
Appendix; Bergmann and Weizmann, ibid., 1936, 32, 1318). In this connection it is 
noteworthy that the absorption bands of numerous substances, ¢.g., nitrobenzene and 
dimethylaniline, are strongly displaced to shorter wave-lengths by the introduction of 
methyl groups in the o-position, clearly indicating a decrease of the “‘ conjugation ’’ due 
to steric effects (unpublished work; compare also, for spectra, Baly, Tuck, and Marsden, 
J., 1910, 97, 572; Ley and Pfeiffer, Ber., 1921, 54, 363). Similarly, a decrease of the 
dipole moment anomalies was expected, and, in the meantime, has been fully confirmed 
by Hampson (J., 1937, 10; this vol., p. 981). 

The theory of electron-isomeric molecules alone is able to explain such properties as 
light absorption and chemical reactivity. It is also the most probable theory, showing 
that there is no essential difference in the properties of the bonds of single and multiple 
linkages : (i) their heats of formation, derived from the heats of combustion, are of the same 
order ; (ii) when single bonds appear to absorb light between 2000 and 8000 a. and to show 
great reactivity, as in the case of hexa-arylethanes, it is recognised that the light absorption 

* Chromophoric groups separated by saturated groups behave, of course, independently. 
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is due to the free radicals present, and the great reactivity to the smallness of the dissocia- 
tion energies (¢.g., 11-5 kg.-cals. for hexaphenylethane) ; (iii) in complete analogy, multiple 
linkages also absorb light between 2000 and 8000 A. only when opened with formation of 
radicals or unsaturated conjugated systems, and the chemical reactivity is also due to the 
small dissociation (transition) energies, which have to be concluded from the existence of 
electron-isomeric molecules. Small dissociation energies of single and multiple linkages 
are not inconsistent with the much higher bond energies as derived from the heats of com- 
bustion (50—100 kg.-cals.), since the actual dissociation energies are composed of the bond 
energies within the wndissociated molecules and all other energy changes within the 
dissociated molecules (cf. Burawoy, Z. physikal. Chem., 1933, 166, 393; for attempted 
theoretical interpretation, see Hiickel, Z. Physik, 1933, 83, 632; Pauling and Wheland, 
J. Chem. Physics, 1933, 1, 362). 
The possibility of addition both at the ends of a “‘ conjugated ’’ system and in the 
] : 2-position is also explained by the existence of electron-isomeric R- and K-molecules, 
The existence of an equilibrium between electron-isomeric molecules is not inconsistent 
with the stability of geometrical stereoisomers such as maleic and fumaric acid. Their 
isomerisation will depend on the following changes: (i) Opening of the ethenoid linkage, 
i.e., transition into the R- or K-state; (ii) rearrangement of the substituents of at least one 
of the carbon atoms within the R- or K-molecules, which, being dependent on the unknown 
structure of these molecules, might require quite considerable energy. Isomerisation can- 
not occur by a simple rotation round the axis of the opened carbon-carbon linkage; a 
rearrangement of the substituents independently of a rotation is essential (compare a 
model). The activation energy necessary for the thermal isomerisation, being always 
smaller than about 40 kg.-cals. (cf. Kistiakowsky e¢ al., ]. Amer. Chem. Soc., 1932, 54, 
2208; 1934, 56, 638; 1935, 57, 269), is in much better agreement with small dissociation 
energies for the second bond of an ethenoid linkage than with a dissociation energy of about 
55 kg.-cals. 
According to Eggert, Berthoud, Wachholtz, Kuhn ef al, (see Freudenberg, ‘‘ Stereo- 
j , chemie,’’ p. 913), such isomerisations are catalysed by atoms with free 
poo valencies such as halogen or alkali, starting with the intermediate form- 
hg ation of radical-like molecules such as (XI). The ease of opening of 
(XI) the double bonds by the catalysts (in contrast to single linkages) again 
' agrees better with the assumption of small dissociation energies. 
Structure of the Electron-isomeric Molecules.—In the present and previous papers the 
attribution of any special structure to the R- and K-molecules has been deliberately avoided 
in order to emphasise that the recognition of these states and their interpretation on the 
basis of the electronic theory (necessarily to a great extent speculative) are different 
problems. These states may be best expressed by such electronic formule as (XII) and 
(XIII), where one of the three electrons between two atoms will probably differ from the 
other two forming a single bond. These formule may, therefore, be replaced by (XIIa) 
and (XIIIa), where each atom possesses a single electron, the arrow indicating a displace- 
ment towards the next atom, possibly forming a kind of linkage. 
(XII.) E:E;E"iE” E:E’sE"tE” (XIII) 
(XIIa.) E.E’.E”.E” E°E’. EE’. E” (XIIIa.) 
<<< < >> Se 


K-State. R-State. 


The presence of the free electron explains the origin of the absorption between 2000 and 
8000 a., and also the fact that such states always show only one absorption band due to 
only one electron. The presence of three electrons between the atoms allows us to under- 
stand: (i) the comparatively great stability (small energy difference from those of the 
corresponding saturated molecules) of the R- and K-molecules in contrast to the instability 
oi such simple radicals as methyl, ethyl, etc.*; (ii) the moderate stability of geometrical 
stereoisomers ; (iii) the effect of catalysts on the isomerisation of stereoisomers and on 


* Similar formule can also be devised for stable radicals such as the triarylmethyls. 
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the reactivity of such systems, since addition of an atom with a free valency transforms 
the comparatively stable R- or K-molecules, ¢.g., of ethylene, into a much more reactive 
state similar to that of a simple radical (XIV). 


(xIV,) HsCQH, > HLE-0Hs 


On the basis of such formule, the absorption between 2000 and 8000 A. is always due 
to free electrons, whereas electrons forming a linkage absorb at shorter wave-lengths. 
This agrees with the fact that the light absorption of free (mono)radicals, being due to free 
electrons, occurs in the same spectral region. 

Such formulz, being schematic, do not explain the laws of light absorption (dependence 
on different substituents and other changes of the chromophoric groups), but an under- 
standing of these laws appears to be possible on the basis of the above structures by con- 
sideration of the so-called inductive effect of different groups. Undoubtedly, an important 
future aspect of the light absorption of these systems will consist in the elucidation of the 
electronic structures, based on the principles derived by Lapworth, Robinson, and Ingold 
from the chemical reactivity. 

The problem of theoretical physics is different. Whereas the empirical atomic and 
electronic structural theories help in the elucidation of the qualitative atomic and electronic 
structures, theoretical physics actually can only purport to explain the stability of these 
structures, empirically already established, by calculating the forces and energies within 
the molecules. It is obvious that a treatment of such complicated structures, with which 
this paper deals, must be at present mainly speculative, since certain more or less 
arbitrary assumptions, ¢g., of the resonance states of substances with conjugated 
systems, have to be made as to these structures. 


The author thanks Professor I. M. Heilbron, F.R.S., for the many facilities he has afforded 
him, 
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259. Use of Isotopes in Chemical Reactions. Part I. The Mechanism 
of the Wagner—Meerwein Rearrangement. Exchange of Radioactive 
Chlorine and of Deuterium between Camphene Hydrochloride and 
Hydrogen Chloride. 

By THomas P. NEVELL, EDUARDO DE SALAS, and CHRISTOPHER L. WILSON. 


The conversion of camphene hydrochloride into isobornyl chloride in chloroform 
solution in the presence of deuterium radio-chloride has been studied. By comparing 
the speeds of rearrangement of chlorine exchange and of hydrogen exchange it has been 
deduced that the rearrangement proceeds in two steps. The first involves the rapid 
establishment of an ionic equilibrium by separation of chlorine, and the second a 
relatively slow bimolecular reaction between the ion so produced and a molecule of 
hydrogen chloride. 

The dissociation of camphene hydrochloride into camphene and hydrogen chloride 
has also been studied. This reaction has no direct bearing on the rearrangement 
except in so far as it supplies the hydrogen chloride necessary for the rearrangement 
when this has not initially been added (as in Meerwein’s experiments). It follows that 
the rearrangement, in the absence of additional hydrogen chloride, should obey kinetics 
of the 1-5 order with respect to camphene hydrochloride. Bartlett and Péckel have 
shown this to be the case. 

Certain stereochemical aspects of the reaction have been discussed. For instance, 
if it is accepted that the bimolecular rate-determining step in rearrangement involves, 
as do all simple bimolecular nucleophilic substitutions, a Walden inversion, it may be 
concluded that isobornyl chloride has the exo-configuration and is therefore related to 


isoborneol. 
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MEERWEIN and his collaborators studied the conversion of camphene hydrate esters into 
the corresponding isobornyl esters (Meerwein and van Emster, Ber., 1920, 53, 1815; 1922, 
55, 2500; Meerwein and Gérard, Annalen, 1924, 485, 174; Meerwein, Hammel, Serini, and 
Vorster, tbid., 1927, 453, 16); the process was reversible, although equilibrium strongly 
favoured the tsobornyl ester, and it was catalysed by strong acids and accelerated by 
solvents of high dielectric constant. Furthermore, it was shown that for a series of esters 
the order of velocities was: sulphonate > bromide > chloride > trichloroacetate > m- 
nitrobenzoate, which is approximately the order of the strengths of the corresponding acids. 
For these reasons the conclusion was drawn that the change involved the separation of ions, 
and for the hydrochloride this was expressed by the scheme (I) == (II). 


Cl : | I 
(I) S iit ral @ ral 1 (IL) 


Meerweins’s ionic hypothesis is by no means the only one which has been advanced to 
explain the Wagner change so frequently encountered in terpene structures. Earlier 
theories involved free or partial valencies or non-ionic intermediates, but as such views 
have been shown to be inadequate (Meerwein and van Emster, loc. cit.; Ingold, Ann. 
Reports, 1924, 21, 96) we base our discussion on the scheme (I) == (II). Intermediates of 
an ionic nature have already been postulated to account for the properties of other tertiary 
halides, such as ¢ert.-butyl pr triphenylmethyl chlorides (Hughes, J., 1935, 255); indeed, 
Meerwein has drawn attention to the close similarities in reactivity between the latter and 
camphene hydrochloride. 

On the basis of the above reaction scheme it is important to determine which of the 
three consecutive processes is likely to control the speed of the rearrangement. Inter- 
conversion of ions (the second step) might be expected to be relatively rapid, since it involves 
only a movement of electrons, together with perhaps a slight readjustment of molecular 
strain. This velocity relationship is rendered more likely by the experimental observation 
that rearrangement is catalysed by hydrogen chloride, wherefore the slow step can hardly 
be inter-conversion of ions for which hydrogen chloride catalysis is rather difficult to 
imagine. Still more definite evidence is provided by the stereochemical relations considered 
later, which show that, whilst the first ion of Meerwein’s scheme might be a real inter- 
mediate, the second ion (possessing the tsobornyl structure) can never attain kinetic free- 
dom. Consequently, for the purposes of a discussion of kinetics we may simplify the scheme 


as follows : 

hy hy 

(I.) == Ion == (II.) 

hes hes 
Here the k’s represent the individual velocity coefficients and the coefficient for rearrange- 
ment is kyk_9/(k_, + 4). Two limiting cases can be distinguished, viz., (1) that k.g>_;, 
which implies that ionic reassociation leads preferentially to ssobornyl chloride (II), and that 
the rearrangement velocity of (I) is determined by k,, the coefficient for ionisation; and 
(2) that &_,>>4_., in which circumstances the factor multiplying k, in the above expression 
is much less than unity, and the coefficient for rearrangement will be smaller than that for 
ionisation. 

Exchange Experiments with Radioactive Chlorine.—If, in addition to camphene hydro- 
chloride, the reaction medium contains radioactive chlorine ions, then every organic cation 
which is produced from (I) with a velocity coefficient k, has the chance to unite with a 
radioactive chlorine ion irrespective of whether (I) or (II) is produced, Under such 
conditions, therefore, halogen exchange is a measure of ionisation, and this test has been 
applied to determine which if either of the two limiting cases mentioned above is operative. 

Experiments were carried out in which radio-active halogen was present as hydrogen 
chloride. Radioactivity was induced in hydrogen chloride in chloroform solution by 
irradiation with slow neutrons from a 200-mg. radium sulphate-beryllium source. 
According to the experiments of Szilard and Chalmers (Nature, -1934, 134, 462), it would 
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appear that each neutron capture by a chlorine atom in the chloroform results in the 
ejection of the halogen atom from the molecule and exchange with the dissolved hydrogen 
chloride, since very high activities were observed in the hydrogen chloride extracted by 
shaking with water. The latter was the method used to follow the change in the con- 
centration of radioactive isotope during a rearrangement experiment. In order to hasten 
rearrangement an equal volume of nitrobenzene was added to the chloroform solution after 
irradiation. 

The results were decisive. At 20°, even under conditions during which no appreciable 
rearrangement occurred, halogen exchange was rapid and complete. It appears, therefore, 
that case (2) applies, and ionisation cannot be the rate-determining step in the conversion 
of (I) into (II). 

Dissociation of Camphene Hydrochloride.—Meerwein and van Emster (loc. cit.) pointed 
out that in solution camphene hydrochloride dissociates slightly into camphene and hydrogen 
chloride, and the rearrangement is then strongly catalysed by the latter. Since it has been 
stated (Bartlett and Péckel, J. Amer. Chem. Soc., 1937, 59, 820; 1938, 60, 1585) that this 
fission proceeds much faster than rearrangement, it was considered possible that halogen 
exchange was occurring by the splitting off and readdition of hydrogen chloride rather than 
by ionisation. However, chemical evidence tends against this supposition. For instance, 
camphene hydrochloride on treatment with excess of milk of lime (conditions which would 
preclude the re-addition of hydrogen chloride) gives camphene hydrate and not camphene 
(Aschan, Amnalen, 1915, 410, 229). By analogy with ¢ert.-butyl chloride the hydrate 
would be the expected product of hydrolysis proceeding through ions. 

In view of the uncertainty it was considered desirable to obtain, if possible, a direct 
measure of the speed of the addition-fission process. If halogen exchange is occurring 
in this way, then on introducing deuterium chloride into the reaction medium, the rate of 
deuterium exchange saould be equal to that of halogen exchange. Using deuterium 
radio-chloride in chlorform solution at 0°, it was found that the speeds of the two exchange 
processes, that of hydrogen and that of chlorine, were equal to within the limits of experi- 
mental error. At first sight this appears to point to an addition-fission cycle as the 
mechanism of the hydrion and chloride-ion exchanges, but there is a difficulty about this 
simple interpretation. If it is assumed that exchange is due to the addition-fission cycle, 
then, owing to the fact that dissociation equilibrium for camphene hydrochloride corre- 
sponds to about 3% of free hydrogen chloride, the rate which determines the speed of 
exchange of hydrogen chloride must be that of fission. We checked this inference by 
following directly the dissociation of camphene hydrochloride. Meerwein showed that 
free acid in the reaction mixture can be titrated with alcoholic alkali if sufficient ether is 
first added to repress the reactivity of camphene hydrochloride. By this means, it was 
found possible to follow the dissociation to equilibrium, in spite of the small extent of the 
reaction. Under the conditions of the exchange experiments it appears that fission would 
occur about 20 times too slowly to account for exchange. 

Actually, the kinetics of the exchanges on the one hand, and of the elimination on the 
other, were quite different. The exchanges were catalysed by hydrogen chloride, but the 
elimination was not, since, although hydrogen chloride was produced in the latter process, 
good first-order rate constants were obtained. The above numerical comparison of rates 
refers, of course, to the particular concentration (0-1m) of hydrogen chloride used for the 
exchange experiments: the factor would naturally be different for other concentrations. 

Catalysis of exchange by hydrogen chloride, with its intense positive force field, is 
entirely consistent with the idea that the mode of halogen exchange is ionisation, and 
that this is the first, and rate-determining process (Barnett, Matthews, and Cook, Ber., 
1927, 60, 2353, 2366; J., 1928, 2798). This being accepted, definite restrictions are placed 
on what may be assumed with regard to subsequent hydrogen exchange in order to 
accommodate the observations already mentioned. First, the hydrogen exchange must 
be relatively rapid. Secondly, it must not involve the simple loss of a proton, because this, 
along with the preliminary chlorine ionisation, would amount to the fission reaction. The 
only obvious alternative is that the hydrogen exchange is a rapid bimolecular interchange 
of hydrogen between the-organic cation and hydrogen chloride. The further consequence 
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then follows that equality of exchange rates will obtain only if the seat of hydrogen 
exchange carries but one hydrogen atom; for if more than one were present, they would 
be exchanged rapidly and consecutively and the measured exchange rates would no longer 
be equal. Hydrogen exchange must, therefore, be confined to one or other of the bridge- 
head positions. : 

Rearrangement of Camphene Hydrochloride into isoBornyl Chloride——In chloroform- 
nitrobenzene solution at 20°, chlorine exchange is immeasurably faster than rearrangement 
(see p. 1190). In order to obtain an estimate of the ratio of these two velocities, experiments 
were carried out in pure chloroform solution at 0°. Under these conditions, rearrangement 
proceeded at about one-fifteenth of the speed of chlorine exchange. Like exchange, and 
in agreement with the findings of other authors (Meerwein, loc. cit.; Bartlett and Péckel, 
loc. cit.), rearrangement was catalysed by hydrogen chloride, and this effect cannot be 
due to an acceleration of halogen ionisation since this is not now the slow stage. The 
simplest way in which dependence of hydrogen chloride can be accounted for is to assume 
that the slow stage is a bimolecular reaction between the organic cation and a molecule of 
hydrogen chloride, to give ssobornyl chloride. 

On this basis the mechanism of rearrangement is similar to that for hydrogen exchange : 
each process involves reaction of the organic ion with hydrogen chloride. The important 
difference lies in the fact that for rearrangement this process is much slower, whereas for 
hydrogen exchange it is much faster, than the preliminary halogen ionisation. Analogy 
for the behaviour of deuterium chloride either as a deuterating (exchange) or as a chlorin- 
ating (rearrangement) agent is provided by the action of deuterium sulphate, which may 
both deuterate and sulphonate benzene (Ingold, Raisin, and Wilson, J., 1936, 1637). 

Reasons have been advanced for assuming that hydrogen exchange involves one of the 
bridge-head positions. The probable position is that marked with an asterisk in formula 
(III) (an alternative representation of the first ion of Meerwein’s scheme, I == II), since 
this hydrogen atom should be particularly vulnerable, owing to the electron-affinity of 
the neighbouring pole (IV) (cf. Ingold, Ann. Reports, 1928, 25, 133). Like the other 


lw 


hr H 
(III.) wn ay (IV.) 


reactions of camphene hydrochloride examined, the elimination probably depends on halogen 
ionisation followed by the loss of one of the methyl hydrogen atoms to give camphene 
(V = VI). Since the fission is a much slower process than the halogen ionisation, proton 
separation must be the slow step in the former. This assumption agrees with the experi- 
mental result that fission is not catalysed by hydrogen chloride, which would be expected 
to be but a poor catalyst for proton removal in hydrocarbon structures. 

CH, CH, CH, 


' 


Cl e 
1 ee a aN 
Ly) ge Ci + Ly) == HG + Ly 
| Nl NI 
Table I contains the velocity constants obtained in chloroform solution at 0°. The 
three second-order reactions (rearrangement and exchanges) occurred in the presence of 


(Vv. (VI.) 


TABLE I. 


Velocity Constants of Certain Reactions of Camphene Hydrochloride (Cam.HCl) at 0° in 
Chloroform Solution in the Presence of Hydrogen Chloride. 


Reaction. Velocity given by Velocity constant* x 10°. 
Rearrangement into isoborny] chloride ............. #,{Cam.HCl][HCl) k, = 9-0 (+0-2) 
Chlorine exchange .............ssssesessessesseeseseeeees gf Cam.HCl][HCl] k, = 140 (+15) 
Hydrogen exchange .............sscsccseceseseseeseeeee gf Cam.HCl][HCl]} k, = 150 (+15) 
Fission into camphene and hydrogen chloride ... k,{Cam.HCl] ky = 0-76 (+0-02) 
* Here and throughout, &, is in 1. g.-mol.-' sec.-', and , in sec.. 
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hydrogen chloride (ca. 0-1m; no appreciable difference was observed between deuterium 
and protium chlorides), whereas for the first-order fission process hydrogen chloride was 
not added initially but was developed as reaction proceeded. The probable errors are 
indicated in parentheses. 

_ The completed reaction scheme is indicated in the following diagram. 


CH, CH 
PD LA 


5 


CH, 

Cl oy 
a fast (HCI) slow (HCI) 
4 y cn -@ 

® Although the intermediate ion is represented as having the camphene structure, 

S, it is possible that it is mesomeric between this and the corresponding isobornyl 
—-| structure [compare (I) = (II)]. One condition (see below) would seem to be 

| that, whatever the structure of the ion (VII), the stereochemical identity of the 
(VII.) carbon atom marked with an asterisk must be preserved. 

Kinetic Implications of the Proposed Reaction Mechanitsm.—From the constants given 
in Table I it is obvious that, in the presence of large amounts of hydrogen chloride, fission 
will be slower than rearrangement. On the other hand, under the conditions of most of 
Meerwein’s experiments where no additional hydrogen chloride is present, the reverse will 
be true and dissociation equilibrium will be maintained throughout the rearrangement ; 
this state of affairs was assumed by Bartlett and Péckel (loc. cit.). However, since catalyst 
is being progressively removed as isobornyl chloride, which is undissociated, the kinetics 
of the rearrangement in these circumstances should not be first order with respect to cam- 
phene hydrochloride. Meerwein’s first-order constants were reasonably steady but then 
his measurements were limited to not more than the first two-thirds of the total reaction; 
however, they tend to fall, as is to be expected. That the order of the reaction should be 
1-5 can be shown as follows. If K is the dissociation constant for camphene hydrochloride 
(concentration = c), then the concentration (h) of hydrogen chloride is given by ~/ Ke, and 
the velocity of rearrangement by 

—dc/dt = kahc = k,K*"c?” = const.c*”. 
A recalculation of Meerwein’s data along these lines was carried out by Bartlett and Péckel 
(loc. cit.), who showed that an assumed order of 1-5 much improves the constants. 


Me Cl Me 


r \" 
H Cl H 
Ww AN ] Ae 
Vv \ eer 
(VIII.) (IX.) (X.) (XI.) 

Stereochemical Considerations.—From a consideration of the probable stereochemical 
relation between camphene hydrochloride * (VIII) and isobornyl chloride (IX) (in these 

* Two geometrically isomeric forms of camphene hydrochloride should exist. This is so for the 
alcohols, but each gives the same chloride. It is probable, therefore, that the latter is a mixture of 


forms, rapidly interconverted through ions or camphene depending on the amount of hydrogen chloride 
present. 
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formule the heavy lines indicate that the bonds are towards the reader), Bartlett and 
Péckel concluded that the rearrangement must be kinetically of a higher reaction order than 
unity, with respect to camphene hydrochloride. Their argument was as follows. The 
configuration of isoborneol is almost certainly that (X) in which the gem-dimethyl bridge 
and the hydroxyl group are in the cis-position (exo-) to each other (Vavon and Peignier, 
Bull. Soc. chim., 1926, 39, 925; Hiickel Annalen, 1930, 477, 157; Asahina, Ishidate, and 
Sano, Ber., 1936, 69, 343; cf., however, Lipp, Ber., 1935, 68, 1029; Krestinskii and 
Eshenko, J. Gen. Chem. U.S.S.R., 1937, 7, 415; Krestinskii, Nemilov, and Bardyshev, 
ibid., p. 423; Shavrygin, ibid., p. 2754). They also consider that there is evidence for 
assuming a correspondence between tsobornyl chloride (IX) and isoborneol (X), and point 
out that consequently the rearrangement must involve a Walden inversion at the carbon 
atom marked with an asterisk; this is evident from the formule (VIII) and (IX). It is 
pointed out further that the process cannot involve ions of the type (XI) (the second ion 
of Meerwein’s scheme I = II; cf. Whitmore, J. Amer. Chem. Soc., 1932, 54, 3274) since 
these would be expected to yield a mixture of bornyl and isobornyl chlorides, whereas 
the product is almost pure isoborny] chloride. It is, of course, possible that if an ion (XI) 
were involved the operation of special factors might cause the preferential formation of 
isobornyl chloride. Of the two stereoisomeric halides, isobornyl chloride is the thermo- 
dynamically unstable form, being slowly converted into bornyl chloride under the same 
conditions as those causing rearrangement of camphene hydrochloride, and at first sight 
this fact, too, might be thought to disprove the intervention of an ion (XI). However, 
in the rearrangement of camphene hydrochloride we are dealing essentially with rates 
and not equilibria, and the question of the ion (XI) must be left open until more experi- 
ments have been performed, but it seems fair to conclude that the balance of evidence is 
against the existence of an ion (XI). Bartlett and Péckel suggest that rearrangement 
involves reaction of camphene hydrochloride with a molecule of hydrogen chloride so that 
free ions are never formed. They argue convincingly that if hydrogen chloride thus acts 
as a donor of chloride ions, free chloride ions should do so much better. However, on 
introduction of these (as lithium chloride) into the reaction mixture in acetone as solvent, 
no increase in velocity was observed, and Bartlett and Péckel confess that their theory 
must be incomplete. Nevertheless, this is just the result to be expected on the basis of the 
reaction scheme on p. 1192, since on adding chloride ions, the increase in velocity of dis- 
appearance of intermediate organic ions is just balanced by a decrease in their concen- 
tration due to a repression of the ionic equilibrium in favour of camphene hydrochloride. 

We must emphasise that, although Bartlett and Péckel relate, configuratively, iso- 
borneol and ssobornyl halides, yet as far as we can ascertain the reagents used for the 
interconversion of the isomeric alcohols and halides are such as to render impossible any 
definite statement with regard to stereochemical relationship. The correct method of 
approach to this problem has been indicated by Cowdrey, Hughes, Ingold, Masterman, 
and Scott (J., 1937, 1252) : it involves a study of reaction kinetics as well as stereochemistry. 

Our experiments provide sufficient data for certain stereochemical conclusions to be 
drawn as to the rearrangement of camphene hydrochloride into ssobornyl chloride. The 
reaction of the intermediate ion (cf. scheme on p. 1192) with hydrogen chloride, is, as we have 
shown, bimolecular, and must, by analogy with all simple bimolecular nucleophilic 
substitutions, involve a Walden inversion. This conclusion is drawn irrespective of the 
above proposals regarding the configuration of isobornyl chloride. It follows, therefore, 
that isobornyl chloride has the c#s-(exo-)configuration (IX), in agreement with Bartlett 
and Péckel’s assumption. 

Finally, we refer to the conclusion that deuterium exchange involves one of the bridge 
heads. This process cannot involve a Walden inversion and therefore provides a further 
example in which substitution of hydrogen by deuterium proceeds with retention 
of configuration (cf. De Salas and Wilson, J., 1938, 319). In this connexion it is note- 
worthy that ¢vans-decalin on nitration partly yields 9-nitro-trans-decalin (Hiickel and 
Blohm, Annalen, 1933, 502, 114). 
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EXPERIMENTAL. 


1. Materials —Camphene hydrochloride was prepared by a slight modification of Meerwein 
and van Emster’s method (loc. cit.). Camphene (B.D.H.) was distilled from sodium under 
reduced pressure; the fraction (50 g.), b. p. 41—43°/1 mm., was collected, dissolved in light 
petroleum (b. p. 40—60°), and treated with a slow stream of hydrogen chloride at — 10° (ice— 
salt) during about 5 hours. The white precipitate (about 30 g.) was filtered off, washed with 
ice-cold petroleum, and freed from solvent in a vacuum over solid potassium hydroxide. 
Analysis (see later) showed that the product contained 85—90% of camphene hydrochloride 
and about 2% of free camphene, the remainder being isobornyl chloride. On keeping, it slowly 
evolved hydrogen chloride, and the product isomerised into isobornyl chloride so that after 3 
weeks the camphene hydrochloride content had fallen to about 50%. Fresh samples were 
therefore prepared as required. 

isoBorny] chloride resulted by saturating a solution of camphene (300 g.) in ethyl bromide 
(150 g.) with hydrogen chloride at room temperature and subsequently refluxing it at 55° for 
six days (Meerwein and van Emster, Joc. cit.). After removal of the solvent in a vacuum, the 
residue was recrystallised several times from amyl alcohol. Finally, the pure material was 
washed with dry methyl alcohol and dried in a vacuum. Yield 120 g., m. p. 148°. Analysis 
showed the purity to be 99%. 


Fie. 1. 
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Deuterium chloride generator. 


Chloroform was shaken repeatedly with water, dried first over calcium chloride and finally 
over phosphoric oxide, and distilled immediately. 

“ AnalaR”’ nitrobenzene was dried over phosphoric oxide and distilled under reduced pressure. 

Deuterium chloride was produced by hydrolysis of thionyl chloride with deuterium oxide 
(99-6% D). The all-glass apparatus used is shown in Fig. 1 and is adapted from that described 
by Langseth and Klit (Z. physikal. Chem., 1936, A, 176, 65; Danske Vidensk. Selskab., 1937, 
15, No. 13, 3). Purified thionyl chloride (10 g.) was heated in an oil-bath to 75° in the flask B, 
and deuterium oxide (0-5 g.) run in slowly from the funnel D via a capillary stem. Condenser 
C prevents the loss of thionyl chloride. Traps E and F were immersed in carbon dioxide— 
acetone to remove sulphur dioxide, and the residual deuterium chloride was solidified in G 
immersed in liquid air. Chloroform (50 c.c.) in the twin bubbler H was cooled to about — 30°, 
and the deuterium chloride was passed through it three times by immersing traps G and / 
alternately in liquid air. On allowing the chloroform solution to warm to room temperature 
under atmospheric pressure, an approximately 0-1N-solution of deuterium chloride was obtained. 
The whole apparatus was, of course, thoroughly dried before use. 

Commercial specimens of thionyl chloride gave hydrogen chloride containing only .93% of 
deuterium, and repeated fractionation of the starting material at ordinary pressure failed to 
alter this figure appreciably. This low content is undoubtedly due to the presence in thionyl 
chloride of light hydrogen chloride which is not removed by simple distillation. However, if 
ordinary thionyl chloride (15 g.) is mixed with pure quinoline (2 g.) in the bulb A and sub- 
sequently distilled in a high vacuum into B, leaving a third of the material behind, subsequent 
reaction with deuterium oxide gives a product containing never less than 99% of deuterium. 
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Langseth and Klit (/oc. cit.) do not record having taken special precautions to purify their 
thionyl chloride; they used it to prepare various deuterated benzenes, and, in the absence of 
reliable analytical figures, these substances cannot be regarded as being of a high degree of 
isotopic purity. 

Protium and deuterium rvadio-chlorides. The chloroform solution of the appropriate hydrogen 

chloride was transferred directly into the irradiation flask shown in Fig. 2. This consisted 
essentially of a soda-glass vessel, shaped like a Dewar flask and of 
sufficient size to contain the solution in the space between the walls. 
Inlet and outlet tubes carrying taps and standard joints were fixed 
to the rim of the vessel. The inside of the vessel was filled with 
paraffin wax except for a cylindrical cavity which contained the 
neutron source. This was 200 mg. of radium as sulphate mixed with 
beryllium and contained in a platinum tube. The entire glass 
vessel was surrounded by paraffin wax. Irradiation for 3 hours was 
found to be sufficient. 

2. Estimation of Camphene Hydrochloride, isoBornyl Chloride, 
and Hydrogen Chloride——The method was essentially that of 
Meerwein and van Emster (loc. cit.). Suitable portions of the 
reaction mixture in either chloroform or chloroform—nitrobenzene 
were run into dry ether (at least 3 vols.), and the free hydrogen Neutron irradiation vessel. 
chloride rapidly titrated with 0-02N-sodium ethoxide, lacmoid 
being used as indicator. Camphene hydrochloride was estimated together with free acid 
by running the reaction mixture into an excess of 0-2Nn-sodium ethoxide containing an 
equal volume of anhydrous methyl alcohol. After standing for one hour at 20°, the excess 
alkali was back titrated (lacmoid). isoBornyl chloride is unaffected under these conditions but 
may be estimated by refluxing the reaction mixture for one hour with excess of 0-2N-aqueous- 
alcoholic alkali, allowance being made for the amounts of hydrogen chloride and of camphene 
hydrochloride present. 

3. Rearrangement of Camphene Hydrochloride.—(a) Experiments in chloroform—nitrobenzene 
solvent at 20°. In most of the experiments described in the following sections camphene hydro- 
chloride was approximately 5% (0-3m). In the present instance the reaction medium consisted 
of equal volumes of chloroform and nitrobenzene and contained initial amounts of hydrogen 
chloride which were varied between 0-03 and 0-10mM. It was immediately obvious from the 
results that the speed of isomerisation was dependent on hydrogen chloride concentration. A 
specimen run is given below. During sampling the hydrogen chloride concentration fell slightly 


Rearrangement of Camphene Hydrochloride in Chloroform—Nitrobenzene Solution at 20°. 


Time (mins.) ............ 0 -° «60 120 170 220 270 325 387 440 500 

Cam.HCl (m) 0-263 0-217 0-180 0-156 0-133 0-116 0-101 0-087 0-076 0-067 

HCl (M) .......s.00002e+e. 00660 0-0587 0-0566 0-0549 0-0544 0-0539 0-0535 0-0523 0-0510 0-0500 
Be pisegevescesescccccse =| 9-0 8-6 9-4 8-6 8-2 7-8 71 7:3 


and the bimolecular velocity constants have been calculated from consecutive titration figures ; 
the reaction order with respect to hydrogen chloride would appear to be greater than unity, 
since the constants decrease. This is supported by the data of Table II; here the results of a 


TABLE II. 


Rearrangement of Camphene Hydrochloride in Chloroform—Nitrobenzene Solution at 20° : 
Effect of varying Hydrogen Chloride Concentration. 

HCI (m) 0-030 0-040 0-050 0-060 0-070 0-090 0-100 
104k, ..eeceeeeeee 7-8 (40-5) 8-4(40-7) 8-0(40-7) 7-6(+1-1) 9-0(+0-6) 9-5 (4-0-9) 10-6 (0-6) 
large number of experiments are summarised. The values of k, were obtained by plotting 
the velocity constants (k,) against hydrogen chloride concentration for any one run and 
averaging the values at chosen hydrogen chloride concentrations. The figures in parentheses 
are the mean deviations. 

(b) Experiments in chloroform at 20°. No attempt was made to calculate the chloroform-— 
nitrobenzene data on any other than a bimolecular basis. Fortunately, strictly bimolecular 
kinetics were followed in pure chloroform solution. This is evident from the following table, 
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which records the results of five separate experiments; the mean deviations are given in 
parentheses. 


Rearrangement of Camphene Hydrochloride in Chloroform Solution at 20°. 


HCI (range during run, m) 0-070—0-039 0-064—0-029 0-044—0-016 0-038—0-018 0-178—0-146 
iin ts ‘ee 1-73 (40-08) 1-67 (40-18) 2-01(40-17) 1-80(40-13) 1-80 (+0-17) 


wena whee of 10*k, = 1-80 (mean deviation, +0-08; probable error, +0-04). 


(c) Experiments in chloroform at 0°. Carried out as above, these experiments gave 105k, = 
9-0 (mean deviation, +0-5; probable error +0-2). It is obvious that the rearrangement 
possesses an abnormally low temperature coefficient (rate doubled for 20° rise); this agrees 
with the fact that rearrangement depends on the establishment of an equilibrium (see p. 1192). 

4. Chlorine Exchange.—(a) Method. The chloroform solution of hydrogen radio-chloride 
was divided into two portions : one was used to make up the reaction mixture, the other was the 
radioactivity standard. After a suitable interval the reaction was stopped by shaking with 
water (15 c.c.). This procedure sufficed to extract the hydrogen chloride, and provided it was 
done quickly, the camphene hydrochloride remained unaffected. The radioactivity standard 
portion was treated similarly with water, and the activities of the two aqueous extracts were 
measured by using a Geiger—Miiller counter (cf. J., 1938, 209). Chloride-ion concentrations 
were found by Volhard titration. 

The ratio (y) of the two activities referred to the same concentration of chloride ion and the 
same instant of time is a direct measure of the amount of exchange which has occurred. If the 
concentration of hydrogen chloride is 4, then the amount of chlorine exchange is * = 
h(l — y). 

(0) Baperimente in chloroform—nitrobenzene solution at 20°; Preliminary experiments were 
carried out to ascertain whether any exchange occurred with either the solvent or isobornyl 
chloride. It was found that the activity of the hydrogen chloride extracted from the mixed 
solvent was always less than that from the original pure chloroform solution. Table III gives 


Taste III. 


Halogen Exchange between Hydrogen Radio-chloride and Chloroform-Nitrobenzene Solvent 
at 20°. 


Reaction time sone. ) 5 5 10 10 15 15 
HCl (4) cnsisignsentadescesvevncns- |” ae 0-0814 0-0857 0-0850 0-0887 0-0880 


Dy nt 0-75 0-78 0-78 0-76 0-74 0-77 
‘Mans Yo = 0-76 (mean deviation, +0-01; probable error, +0-005). 


some data showing that the value of the exchange ratio (y», no camphene hydrochloride present) 
is independent of time and has a mean value of 0-76. In view of the much greater proportion 
of chloroform than of hydrogen chloride, the results suggest the presence of a small amount of 
impurity possessing rapidly exchangeable chlorine rather than the property to remove hydrogen 
chloride. It is immaterial whether the chlorine of the impurity is or is not extracted by water 
(cf. Topley e¢ al., J., 1935, 1525). Alternatively, the anomalous behaviour could be explained 
by the presence of a chlorine-containing impurity which, whilst not exchanging its halogen with 
hydrogen chloride, does react with water to produce chloride ions, thus diluting the active with 
inactive chlorine. We have not pursued these experiments further, since it was found ‘that the 
effect completely disappeared in the absence of nitrobenzene. 

In spite of this complication, exchange experiments with isobornyl chloride and with 
camphene hydrochloride have been carried out in the mixed solvent. From Table IV it can 


TABLE IV. 


Halogen Exchange between Hydrogen Radio-chloride and isoBornyl Chloride in Chloroform- 
Nitrobenzene Solution at 20°. 


Reaction time (mins.) 5 10 10 


isoBornyl mecanenen vm: 2 : 0-292 0-292 0-293 
HCl (mM) ..... pédenechonl 0-0785 0-0785 0-0834 


©  Cccocecescuteces . 0-73 0-77 0-82 
tenis y = 0-75 (mean deviation, +0-04; probable error, +0-01). 
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be seen that, allowance being made for solvent exchange, isobornyl chloride is unreactive, 
whereas Table V clearly shows that exchange with camphene hydrochloride is virtually complete 
in 5 minutes, although isomerisation is almost negligible. 


TABLE V. 


Rearrangement and Halogen Exchange of Camphene Hydrochloride (Cam.HCl) in the Presence 
of Hydrogen Radtio-chloride in Chloroform—Nitrobenzene Solution at 20°. 
0 
HCI (x). Exchange, %. 
Cam.HCl « " »  Isomeris- Calc. for 
(M). Actual. Apparent. ation, %.  y, touna.- Y> cor. Found. equilm. 
0-247 0-076 0-100 ' 0-24 0-31 
0-243 0-074 0-097 . 0-24 0-32 
0-160 0-076 0-100 . 0-30 0-40 
0-262 0-068 0-089 0-22 0-29 
0-167 0-080 0-103 : 0-34 0-44 
0-158 0-075 0-099 . 0-29 0-38 
0-152 0-081 0-096 ; 0-21 0-27 
0-160 0-077 0-101 . 0-38 0-50 
0-231 0-061 0-084 , 0-33 0-43 

In calculating the figures of Table V allowance has been made for the impurity present in 

the solvent. On the assumption that this has the effect of increasing the concentration of 
exchangeable chlorine, it is necessary to divide the concentration of hydrogen chloride initially 
added by y», where yy measures exchange of the mixed solvent in the absence of camphene 
hydrochloride. In this way ‘“ apparent ’’ values of the hydrogen chloride concentration are 
determined. Furthermore, the found values of y are related to standard activity extracted 
from pure chloroform solution, these have now to be related to the mixed solvent, which is done 
by dividing by y . For the purpose of these approximate calculations y, has been taken from 
Table III and assumed to be independent of hydrogen chloride concentration. Col. 8 records 
the derived exchanges; the figures compare favourably with those calculated for equilibrium 
col. 9). 
;' If it is assumed that the impurity is one which, whilst not possessing exchangeable halogen, 
is extracted by water to give chloride ions, the found and calculated figures for exchange do not 
agree nearly so well as those in Table V. This is evidence against such an assumption regarding 
the nature of the impurity. 

(c) Experiments in chloroform solution at 0°. Both protium and deuterium radio-chlorides 
have been employed as catalysts. Solid camphene hydrochloride (2-5 g.) was first evacuated 
to remove occluded hydrogen chloride and then dissolved rapidly in the reaction medium at 0°. 
Although by the very nature of the experiments the experimental error was rather large, it was 
obvious that speed of exchange was dependent on hydrogen chloride concentration. In Table 
VI, therefore, bimolecular constants have been calculated. 


TABLE VI. 


Halogen Exchange between (a) Protiwum and (b) Deuterium Radio-chloride and Camphene 
Hydrochloride in Chloroform Solution at 0°. 


Reaction time Camphene hydro- (a) HCl (m); Exchange 
(mins.). chloride (mM). (b) DCI (m). ratio, y. 

0-152 0-121 0-88 
0-163 0-145 0-86 

(a) 0-151 0-114 0-80 
0-159 0-143 0-84 
0-158 0-158 0-80 

Mean 10°, = 1-8 (mean deviation, +0-6; probable error, -+0-2). 


0-175 0-0916 0-88 
0-170 0-0500 0-93 
0-169 0-0716 0-79 
0-178 0-0355 0-82 
0-152 0-0780 0-83 
0-168 0-0550 0-76 
0-196 0-0208 0-83 
0-149 0-0833 0-79 
Mean 10°k, = 1-4 (mean deviation, +0-45; probable error, +0-15 
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A series of blank experiments showed that during the periods of time recorded in Table VI, 
isobornyl chloride did not undergo any appreciable exchange. The data are given below: 


Showing the Absence of Halogen Exchange between Protium Radio-chloride and isoBornyl 
Chloride in Chloroform Solution at 0°. 


Reaction time (MiMS.) ............seeeeeeeeeee 5 5 15 20 

isoBornyl chloride (™) sidesicdpSdbe6 senuide bie, |) ED 0-290 0-290 0-290 

re me 0-095 0-105 0-122 
1-01 0-96 0-99 1-00 


Exchange ratio, y os 
Mean y = 0- 99 eueee: deviation, +0-02; probable error, +0-01). 


5. Hydrogen Exchange.—(a) Method. Samples of camphene hydrochloride, previously 
evacuated to remove free hydrogen chloride, were dissolved in the reaction medium containing 
deuterium chloride. Reaction was arrested by shaking with water (10—15c.c.). The aqueous 
extract was shaken with carbon tetrachloride to remove chloroform or nitrobenzene (depending 
on the solvent used) and divided into two portions. One of these was analysed gravimetrically 
for chloride ion and the other was passed over red-hot copper oxide to remove organic matter 
(carbon tetrachloride as extraction solvent has the advantage of not containing hydrogen) and 
subsequently purified by vacuum distillation from silver oxide. The density of this sample 
was determined pyknometrically. 

Hydrogen exchange is calculated as follows. If a g. (presence of dissolved carbon tetra- 
chloride is negligible) of the aqueous extract contains b g. of chlorine and m is the deuterium 
concentration in the silver oxide-purified water in atoms %, then, in 100 g.-mols. of the pure 
water there are 10m g. of D,O ard 9(100 — m) g. of H,O. Therefore 1 g. of the water contains 
m/(900 + m) equiv. of deuterium; but a g. of the aqueous extract contain b/35-5 equivs. of 
chlorine or b/35-5 equivs. of (D + H,), where H, refers to the protium which originates from 
camphene hydrochloride by exchange. 

It is now necessary to relate the results of the two gravimetric analyses, but first, correction 
must be applied to allow for the fact that, in one, chlorine has been replaced by oxygen (from 
silver oxide) before weighing for analysis (density). 

Now, 6/35-5 equivs. of (D + H,) are contained in a g. of extract = a — b + 8b/35-5 g. of 
pure water, so that 1 g. contains (b/35-5)/(a — 27-5b/35-5) equivs. of (D + H,) = 1/(35-5a/b — 
27-5) equivs. of (D + H,). Therefore the hydrogen exchange ratio, 8, is given by 


8 = D/(D + H,) = m(35-5a/b — 27-5) /(900 + m) 


and the amount of exchange by [HCl + DCII(1 — 8). 
(b) Experiments in chloroform—nitrobenzene solution at 0°. In the absence of camphene 


hydrochloride it was found that analysis of the extracted hydrogen chloride by the above 
method gave impossible values (1-2—1-4) for 8. It would appear, therefore, that some of the 
chlorine of the hydrogen chloride has become non-extractable with water. We have been 
unable to explain the effect, but fortunately it was absent when pure chloroform was used as 
solvent. 

(c) Experiments in chloroform solution at 0°. The absence of exchange with the solvent was 
shown by the fact that it was possible to prepare and keep for considerable periods of time 
solutions of deuterium chloride which on analysis gave values of 8 of very nearly 0-99. This 
point as well as the stability of isobornyl chloride under similar conditions is shown by the 
results of experiments in Table VII which were performed with hydrogen chloride containing 


93% of deuterium. 


TABLE VII. 


Showing the Absence of Hydrogen Exchange between Deuterium Chloride (containing 93% of 
D) and isoBornyl Chloride in Chloroform Solution at 0°. 


Reaction time (mins.) .................. 0 200 400 200 200 
isoBornyl chloride vill sedlet hecwenss 0 0 0 0-315 0-296 
DCI (m) . oe 0-105 0-061 0-080 0-058 
Exchange ratio, ( porno we 0-92 0-94 0-93 0-91 


Exchange between camphene hydrochloride and deuterium chloride was rapid at 0°, and it 
was obvious from the results (Table VIII) that the speed of exchange was dependent on hydrogen 
chloride concentration. Bimolecular constants were therefore calculated. 

Dissociation of Camphene Hydrochloride into Camphene and Hydrogen Chloride in Chloroform 
Solution at 0°.—Camphene hydrochloride, freed from hydrogen chloride by evacuation, was - 
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TABLE VIII. 


Hydrogen Exchange between Deuterium Chloride (containing 99% of D) and Camphene 
Hydrochloride in Chloroform Solution at 0°. 


Reaction time (mins.) .. ime 10 15 15 15 20 
Camphene hydrochloride (x) «. soaged 0-175 0-169 0-171 0-152 0-168 0-149 
DCI (m) . seveeee 0-0916 0-0716 0-1060 0-0780 0-0550 0-0833 
Exchange ratio, OY ee ae 0-79 0-76 0-90 0-82 0-71 
SPE Sotasceceawtees Spee ee 2-1 1/8 0-6 1-2 1-7 


Sheil 10%, = 1-5 (mean deviation, +0-4; probable error, +0-15). 


dissolved in chloroform at 0°. Samples (20 c.c.) were run into dry ether (60 c.c.) and titrated 
with 0-02Nn-sodium ethoxide, lacmoid being used as indicator. The data of one run are given 
below. The only satisfactory velocity constants were those calculated on the basis of a forward 
unimolecular dissociation and a reverse bimolecular association : 


camphene hydrochloride == om 





camphene -+ hydrogen chloride 
If a is the initial concentration of camphene hepdeochiuiie, x the amount dissociated at time /, 
and x, the value of x at ¢ = , then (cf. Bateman and Hughes, J., 1937, 1191) 
dx/dt = k,(a — x) — hyx? 
or ky = %,. /(2a — *,,)t. Infax,, + #(@ — %Q))/(%— — *)a 


Dissociation of Camphene Hydrochloride into Camphene and Hydrogen Chloride in Chloroform 
Solution at 0°: a = 0-1192M. 


#(mins.)......... 0 7 15 30 45 75 195 445 475 

HCl (m) (10°x) ... 0 43 84 134 181 257 320 320 305 

Wg, revicicisccesoen = 8-70 8-09 6-70 6-43 6-70 — — — 
Mean 7°31 


The average value of the velocity constant obtained as a result of several such experiments 
was 10%, = 7-55 (mean deviation, +0-77; probable error, +0-23). The data show that the 
concentration of hydrogen chloride fell after equilibrium had been attained. This is to be 
expected, for rearrangement to isobornyl chloride was becoming important. 

The dissociation constant is 105K = 8-8 1. g.-mol.-', corresponding to about 3% dissociation. 


We wish to thank Professor C. K. Ingold, F.R.S., and Professor S. Sugden, F.R.S., for 
helpful discussion. One of us (E. de S.) is indebted to the Ramsay Memorial Trust for financial 
assistance, and we are grateful to the Chemical Society for help in defraying the cost of hiring 
the radium. 


THe Srr WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C. 1. [Received, June 6th, 1939.) 
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Preparation of Nuclear-substituted Dimethylanilines. 
REGINALD WILLIAMS. 


NUCLEAR-SUBSTITUTED dimethylanilines have usually been prepared by methylation of the 
appropriate aniline with methyl iodide (see, e.g., Davies, Bull. Soc. chim., 1935, 2, 295; Davies 
and Cox, J., 1937, 615; Laidler, J., 1938, 1786). Methyl sulphate has been used by Ullmann and 
Wenner (Ber., 1900, 33, 2476), Bantis and Tomas (Anal. Fis. Quim., 1921, 19, 293), van Duin 
(Rec. Trav. chim., 1932, 51, 878), and Groenewoud and Robinson (J., 1934, 1692). 

We have used van Duin’s method for the preparation of several dimethylamino-compounds. 
The tertiary amine was usually obtained directly by treatment of the primary amine with methyl 
sulphate and sodium hydroxide, but in some cases the initial product consisted of the metho- 
sulphate, from which the desired tertiary amine was isolated by suitable treatment. Only in 
the methylation of 2-aminodipheny] ether did we isolate a mixture of the tertiary amine and the 
quaternary hydroxide (compare Bell and Kenyon, J., 1926, 2705). The yields obtainable by 
this method are usually about 50%, but reaching 80% and 90% in favourable instances, and the 

procedure is convenient and expeditious. 
' The methylation of the primary amine involves the addition of a small excess of methyl 
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sulphate in small amounts to the amine, followed each time by sufficient 30% sodium hydroxide 
solution to render the mixture alkaline as shown by the colour of some phenolphthalein. The 
reaction is moderated by cooling in ice-salt or cold water. Two liquid layers are obtained which 
on warming (or standing) become completely miscible and form a homogeneous layer containing 
the amine sulphate or the methosulphate. Addition of excess of alkali then precipitates either 
the amine or the methosulphate. The latter is converted by addition of potassium iodide 
into the quaternary iodide, and this is changed into the tertiary amine by boiling with sodium 
hydroxide in amyl alcohol or by heating with moist silver oxide in alcohol and then decomposing 
the hydroxide so formed by heating; the former method gives by far the better yield. The 
table gives the primary products of the methylation of the primary amines together with the 
final yields and m. p.’s or b. p.’s of the pure tertiary amines. In each case the product was 
treated with acetic anhydride to remove secondary and primary amines. 





Substituted M.p. or b.p. of Yield, %, 
aniline. Primary product. tert. amine. calc. on amine. 

O-FIUOTO ...ccccccccsssecceeee Lert. amine 75° /20 mm. 50 
P- ws bee cetenesesions sees és - 35-2 (35°; a) 40 
DION. crcicnececses sie saccer os as 32-8 (35-5; a) 50 
SE siscnnsevdntoveenstis a as 164-5 (162; b) 50 
o-Methoxy ... Quaternary sulphate (c) 113/18 mm. 40 
; essessccscccccccce Methosulphate 47 40 
o-Pheny] ................00... Tert. amine 145-5/11 mm. 94 

_— sesscecssessccseseeee Methosulphate (d) 122 (123; f) 80 
0-Phenoxy ........ssee0ee08. Tert. amine + hydroxide 34-5 42 
p- » scccccccsccesceces Methosulphate (e) 34 54 


(a) Davies and Cox, loc. cit. (b) Davies, loc. cit. 
(c) When the mixture was made alkaline, an oily layer separated which dissolved on warming and 


was not thrown out on cooling. It appears that the substance in solution was then the quaternary 
sulphate, which, as implied by Groenewoud and Robinson (loc. cit.), is probably stable to the action of 
hot alkali. The yield of the dimethylanisidines (idem, ibid.) could be improved by converting the iodide 
into the tertiary amine by treatment with sodium hydroxide in amyl alcohol; we converted the iodide 


into the hydroxide, which was thermally decomposed. 
(d) and (e) Quaternary iodide was converted into tertiary amine by boiling with sodium hydroxide 


in amyl alcohol. 
(f) Bell and Kenyon, /oc. cit. 
2-Dimethylaminodiphenyl.—2-Aminodiphenyl (obtained from nitro-compound in good 
yield by the method of Turner and Roberts, J., 1925, 127, 2008) was treated with methyl sulphate 
and 30% sodium hydroxide solution in the way described above, the reaction being moderated 
when necessary by cooling in water. The tertiary amine was liberated by addition of excess of 
alkali, extracted in ether, dried over potassium hydroxide, and distilled; b. p. 1483—147°/12—14 
mm., yield 94%. Treatment with acetic anhydride and fractionation in a vacuum gave a pale 
yellow liquid, b. p. 145-5°/11 mm. (Found: C, 85-4; H, 7-7; N, 7:3. C,,H,;N requires C, 
85-3; H, 7-6; N, 7-1%). 
2-Dimethylaminodiphenyl Ethery.—The primary amine obtained by reduction of 2-nitro- 
diphenyl ether (compare Turner and Roberts, loc. cit.) was distilled in a vacuum and methylated 
in the prescribed manner. Addition of excess of alkali to the homogeneous liquid caused the 
separation of an oil, which solidified on cooling. When this solid was washed with water, the 
major portion dissolved (quaternary hydroxide). The residue crystallised from aqueous 
alcohol as a white solid (tertiary amine). Addition of alkali to the aqueous solution reprecipitated 
the hydroxide, which was separated and dried. The crystallised amine was distilled in a vacuum 
and the dry hydroxide was then introduced into the distillation flask and decomposed by heating. 
The amine distilled at a constant temperature; yield 42%. The proguct was treated with acetic 
anhydride and distilled in a vacuum; b. p. 161—162°/13 mm. The colourless oil slowly 
solidified to a white solid, m. p. 34-5° after crystallisation from alcohol (Found: C, 79-0; 
H, 7-0, N, 66. C,,H,,ON requires C, 78-9; H, 7-0; N, 6-6%). 
4-Dimethylaminodiphenyl Ethey.—After methylation of 4-aminodiphenyl ether, addition of 
excess of alkali gave the solid methosulphate. This was dissolved in water, and potassium 
iodide added. The precipitated quaternary iodide was boiled with sodium hydroxide in amyl 
alcohol, the solvent removed, and the residue distilled in a vacuum. The amine was obtained 
as a colourless liquid, b. p. 185°/13 mm., which solidified on standing. Crystallisation from 
alcohol gave a white solid, m. p. 34° (Found: C, 79-0; H, 6-9; N, 6-65%). 


We thank Dr. H. B. Watson for his interest and Imperial Chemical Industries, Ltd., for a 
[Received, May 18th, 1939.] 


grant.—TECHNICAL COLLEGE, CARDIFF. 
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The Influence of the Route chosen for an Asymmetric Synthesis upon the Configuration of the 
Resulting Enantiomorph. By S. M. PARTRIDGE. 


ROGER (this vol., p. 108), dealing with an asymmetric synthesis of a type similar to that de- 
scribed by Kenyon and Partridge (J., 1936, 1313), has shown that both (+-) and (—) ethylbenzoin 
may be obtained from a single optically active form of mandelic acid, the sign of the resulting 
enantiomorph being dependent upon the route chosen for the sonnel : 


(-) 
HPh(OH)C HPh(OH)C PhOoc 
on >co —> ; Cc OH OC OH 


(IT.) "is (IV.) 
(.) CHPh(OH)-CO.H 
(-) 





a PhOC 
tee —> Cc OH 
oat a aie 


From this apparently anomalous behaviour Roger is led to draw conclusions as to the influence 
of the radicals attached to the ketonic groups in (II) and (IIa) upon the path of the system. 

If the ketonic double bond opens in the same sense in (II) and (IIa) during the formation 
of the ethylhydrobenzoins, the ethyl group is embodied in (III) in the same position as the 
phenyl groupin (IIIa). It follows that, since the relative positions of phenyl and ethyl have been 
reversed, (III) and (IIIa) would appear as diastereoisomerides. This was found to be the case. 

The difference in configuration between the ethylbenzoins produced by the two routes is a 
necessary consequence of the order in which the pheny] and the ethyl group have been embodied. 

Thus the relative configuration of the product of such a system is determined, not only by the 
sense of the specific orientation taking place during the rupture of a ketonic double bond, but 
also by the order in which the groups are successively built up around the new centre of asym- 
metry. In the above system the production of opposite enantiomorphs is due to the initial 
substitution of phenyl and ethyl in stages I —-> II and I —-> Ila respectively; the experi- 
mental results proving, contrary to the conclusion of Roger, that the influence of the common 
levorotatory inducing centre in (II) and (IIa) has been in the same direction in both cases. 
The closely similar synthesis of (+) and (—) anisylmethylglycollic acid by McKenzie and 
Ritchie (Biochem. Z., 1932, 250, 376) is subject to the same comment.—BaTTERSEA POLy- 
TECHNIC, Lonpon. S.W.11. (Received, May 8th, 1939.] 
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Smilagenone: A Correction. By Grorce A. R. Kon, Henry R. Soper, and 


AUBREY M. WooLMAN. 


Havinc recently isolated a large quantity of smilagenin, we have repeated the preparation of 
smilagenone (Askew, Farmer, and Kon, J., 1936, 1399) and have found that the pure compound 
has m. p. 187—189° and not 157° as previously stated (Found: C, 78:3; H, 10-2. C,,H,,O, 
requires C, 78-2; H, 10:3%). The specimen previously prepared in small amount was 
apparently contaminated with smilagenin and gave a low value for carbon on analysis. 

The properties of smilagenone are remarkably close to those of isosarsasapogenone (Fieser 
and Jacobsen, J. Amer. Chem. Soc., 1938, 60, 28); the melting points of isosarsasapogenin and 
its derivatives, lately prepared by Marker and Rohrmann (ibid., 1939, 61, 846), are also very 
close to those of the corresponding smilagenin compounds and suggest the identity of the two 
series of compounds. 

The o-bromobenzoates have been found suitable for the characterisation of smilagenin and 
sarsasapogenin; smilagenin o-bromobenzoate has m. p. 196—197° (Found: C, 68-0; H, 8-1. 
C,,H,,0,Br requires C, 68-1; H, 7-9%) and sarsasapogenin o-bromobenzoate, m. p. 178—179° 
(Found: C, 68-1; H, 8-1%).—ImpertaLt COLLEGE OF SCIENCE AND TECHNOLOGY, LONDON, 
S.W.7. [Received, June 10th, 1939.] 
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Heterocyclic Derivatives of p-Aminobenzenesulphonamide and 4: 4'-Diaminodiphenylsulphone. 
By W. H. Gray. 


As part of a scheme to study the effect, on the chemotherapeutic action of antibacterial agents, 
of inserting heterocyclic basic nuclei into the amino-groups, the following substances have been 


prepared. 


O.*NH, 
L,) NH NH NH ar) 
Xi -SO, x 
SO,*NH, 
NH (in) NH NH 
N N SO; N_ (Iv. 


Their constitution is proved by the fact that they give no diazo-reaction. 

The pharmacological action has been tested by Dr. Buttle of the Wellcome Physiological 
Research Laboratories. They have a low toxicity but are inactive in streptococcal and 
pneumococcal infections of mice. In the latter respect (I) is in marked contrast to 2-p-amino- 
benzenesulphonamidopyridine, NH,-C,H,:SO,-NH-C,H,N, where the 2-pyridyl group is attached 
to the amido-nitrogen, instead of the amino-nitrogen, of p-aminobenzenesulphonamide. 

The results are published at this stage owing to the appearance of a paper by Bobrafski 
(Arch. Pharm., 1939, 277, 75) in which the preparation of (III) is described. 

p-(2-Pyridylamino)benzenesulphonamide (I).—p-Aminobenzenesulphonamide (3-4 g.) was 
heated at 140° for 15 hours with 2-chloropyridine (6 c.c.; 3-2 mols.). The solid part of the 
product was dissolved in water and treated with sodium carbonate, precipitating the base, which 
was pure after one crystallisation from alcohol. It formed stout plates, m. p. 235°, sparingly 
soluble in alcohol and less soluble in water (Found: C, 52-8; H, 4:3; N, 16-9; S, 12-8. 
C,,H,,0,N;S requires C, 53-0; H, 4-5; N, 16-9; S, 12-9%). 

pp -Bis-(2-pyridylamino)diphenylsulphone (I1).—pp’-Diaminodiphenylsulphone (2-5 g.) was 
treated with 2-chloropyridine (5-7 c.c.; 6 mols.) similarly. The product was soluble in a little 
water, but further dilution gave the base as a solid, which crystallised from alcohol in clusters 
of very thin plates, m. p. 241°, sparingly soluble in alcohol (Found: C, 65-0; H, 4-5; N, 13-9; 
S, 7-8. CggH,,0,N,S requires C, 65-6; H, 4-5; N, 13-9; S, 8-0%). 

p-(2-Quinolylamino)benzenesulphonamide (III).—p-Aminobenzenesulphonamide (3-4 g.) was 
heated at 160° for 8 hours with 2-chloroquinoline (8-5 g.; 2-6 mols.), the excess of the latter 
removed by light petroleum, and the residue crystallised from alcohol, forming needles, m. p. 
279°, of the hydrochloride (Found: C, 53-9; H, 3-5; N, 12-6; S, 9-4; Cl, 10-5. C,,;H,,0,N,S,HCl 
requires C, 53:7; H, 4-2; N, 12-5; S, 9-6; Cl, 10-6%). The base was obtained from this by 
heating an aqueous suspension on the water-bath for an hour with a slight excess of sodium 
carbonate. It crystallised from alcohol in tablets, m. p. 263°, sparingly soluble in water or 
alcohol (Found: C, 60-1; H, 4:2; N, 14:5; S, 10-7. C,;H,,;0,N,S requires C, 60-2; H, 4-4; 

N, 14-0; S, 10-7%). 

pp’-Bis-(2-quinolylamino)diphenylsulphone (IV).—pp'-Diaminodiphenylsulphone (2-2  g.) 
was heated at 160° for 12 hours with 2-chloroquinoline (8-6 g.; 5-9 mols.), the excess of chloro- 
quinoline removed as above, and the residue (5-5 g.) dissolved by gentle warming in an equal 
weight of pyridine and treated with 4 vols. of alcohol. The crystals which quickly separated 
were again dissolved in pyridine, and alcohol added; masses of small plates, m. p. 306°, then 
formed (Found: C, 71-5; H, 4:5; N, 11:2; S, 6-3. C,)H,,O,N,S requires C, 71-7; H, 4:4; 
N, 11-2; S, 6-4%).—TuHE WELLCOME CHEMICAL RESEARCH LABORATORIES, Lonpon, N.W.1. 
[Received, May 6th, 1939.] 
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Some Considerations on the Nature of Catalysis. 


THE SEVENTH LIVERSIDGE LECTURE, DELIVERED BEFORE THE CHEMICAL SOCIETY 
on May 18TH, 1939. 


By C. N. HINSHELWooD, M.A., Sc.D., F.R.S. 


OnE of the misfortunes of our time is the frequency with which public pronouncements 
are made to the effect that Science has no concern with values, and is an affair of bare 
truth and cold logic. In reality scientific laws constitute an expression of experience 
which has an essentially esthetic character (compare Croce, ‘‘ Estetica”’; Collingwood, 
“ Principles of Art,” passim; Poincaré, “‘ Science and Method,’’ I, iii). 

Scientific expression of experience may be‘roughly divided into the mathematical 
and the qualitative, the former having close analogies with music, the latter with the 
plastic arts. 

The mathematical fundamentals are not directly derivable from anything else in 
experience : they resemble the subjects of a sonata, which may be woven and developed 
into forms of infinite variety and charm, but in the last resort must be appreciated for 
their own sake if the whole is to be significant. Two phenomena may for example be 
correlated in terms of the fundamental equation of wave mechanics, but, since, as far as 
is known, this equation is not expressible in terms of anything else,* the basic statement 
must be regarded as pleasing in itself if the analysis of Nature with its aid is to make 
any appeal. 

Qualitatively, on the other hand, the nature of things can be expressed in terms of 
principles, analogies, models or other schemes which make an appeal to the mind because 
they appear to be related to ordinary perceptual experience; and the object of science 
is to order phenomena into a picture possessing the maximum, not only of coherence, 
but of what the artist calls significant form. 

The qualitative method may be less powerful than the mathematical, but it is 
advantageous for the preliminary ordering of varied and complex sets of observations. 

In this lecture I want to try and see how far chemical research has been able to give 
us an esthetically satisfactory picture of the diverse group of phenomena which our early 
training has caused most of us to refer to as catalytic. 

At a meeting of an eminent society, one of the elder statesmen once got up and dis- 
couraged further discussion by observing that he had heard innumerable theories of 
catalysis in his life, but never one which he could not disprove. One may feel that he, 
or those who tried to satisfy him, were seeking the impossible. There is no theory of 
catalysis. The only question is whether we understand catalytic phenomena well enough 
to arrange them into a picture of which we like the pattern. 

Now, I have just spoken of liking patterns. People do like patterns, and that is why 
some Persian carpets are rightly regarded as among the most beautiful things in the 
world. The qualitative idea of pattern is therefore important and significant to us, and 
one in terms of which we willingly express our experience about the nature of things. 

One of the fundamental facts about the world is that it is made up of a series of patterns 
of different kinds or orders; that the symmetry of these patterns is of vital importance 
in determining what happens in the world; and that the patterns themselves are struggling 
for preservation against a primordial chaotic motion which is ever tending to destroy 
them. These simple notions must first be examined. 

To start at the beginning, one of the first of all questions is whether the world is made 
up of continua or of discrete systems. Whether a world of continua is thinkable at 
all is a question which might be worth exploring, but this is not the place, since we know 
that experimental science has decided in favour of discrete systems.f Given discrete 


* The steps by which this equation can be led up to are only rough analogies, as indeed are the 
parallels with macroscopic experiments which suggested Maxwell’s field equations. 

t+ Wave mechanics is not a non-discrete theory. Even in its more general forms the number of 
co-ordinates has to be chosen with reference to the number of “ particles’: and numbers of nodes are 
related to quantum states. 
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units, the possibility of arranging them in spatial patterns follows. The units them- 
selves are capable of interaction : the inwardness of this is again a profound philosophical 
question, but one outside the province of chemistry. Given interaction, it leads static 
systems of discrete units to group themselves into designs possessing elements of sym- 
metry. For the units group themselves in such a way as to leave the interaction least 
play : that is, to assume a state of minimum potential energy. The differential coefficients 
of the potential energy function with respect to certain space co-ordinates are zero, a 
condition most naturally satisfied when the system has appropriate elements of symmetry 
in its arrangement. In a static world molecules would group themselves regularly into 
extended patterns constituting crystal lattices. More than one design with a relative 
minimum of potential energy can usually exist, so that polymorphism is the natural lot 
of matter. 

But the world is not static. Even at the absolute zero the order established must 
be a compromise between the interaction and the zero-point energy, a fact responsible 
for the strange properties of liquid helium (London, J. Physical Chem., 1939, 48, 49). 
And at higher temperatures the thermal motion of the units tends to disturb or destroy 
the order. First, the orientation of the crystal state is lost, then the aggregation of the 
liquid state is lost, and finally chemistry ends with the resolution of the molecular patterns 
into atoms. At still higher temperatures alchemy replaces chemistry and the atomic 
patterns are resolved into their own constituents, often called ultimate particles, though 
whether these in their turn are also ordered designs, and so on in an infinite regress, it is 
useless to ask. 

The phase change from gas to liquid takes place discontinuously at a sharply defined 
temperature, and that from liquid to crystal at another. These changes are largely 
influenced by the presence of nuclei—the first and simplest example of a catalytic 
phenomenon. Let us for a moment consider the nature of these phase changes. In 
a gas the molecules are moving too fast to aggregate together into a liquid, but since the 
molecules exert attractions on one another, there is a slightly greater chance, calculable 
by the Boltzmann principle, of finding two or more molecules close together than of 
finding them quite randomly spaced. There will thus be a few aggregates in the gas, 
but they will be temporary and rare. They increase in number and size as the temper- 
ature falls, and we might expect a continuous passage to something like a liquid, if a new 
factor did not enter. Ofder begets order, and the larger an aggregate becomes the 
greater is its attraction for fresh molecules, because it contains several attracting centres 
reinforcing one another. But just because it is larger, the aggregate is more likely to 
lose molecules and disperse. Two factors thus oppose one another: and either one or 
the other must be the greater at a given temperature. As long as the reversal tendency 
is called forth more strongly than the aggregating tendency by a small increase in size an 
equilibrium is reached. But as the temperature falls there comes a point at which a 
smal] increase favours the further aggregation more than it favours the reversal, and we 
have a discontinuity where small aggregates in equilibrium with single molecules begin 
to grow indefinitely. The relation of the liquid to the solid state is similar, only that 
here it is a question not of aggregation but of orientation. The forces between molecules 
tend to arrange them in symmetrical arrays which thermal agitation breaks up. But by 
Boltzmann’s principle small elements of temporary orientation not only can but must 
exist in a liquid—and these are doubtless responsible for some of the X-ray structural 
effects observed im liquids. Once again order begets order, because, when one molecule 
is striving to set itself in a symmetrical way in relation to a second, its efforts are rendered 
easier if neighbouring molecules already conform to the regular design.* Thus here also 
there exists a limiting size for the orientated elements beyond which they will grow 
steadily rather than remain in equilibrium. 

Catalysis enters into these phase-change phenomena in the following way. At a 


* The principle of order begetting order, which follows from simple considerations of potential 
energy, is of course inherent in the a/v? term of van der Waals’s equation and in the potential functions 
used by Bragg and Williams in their treatment of order-disorder transitions in alloys (Proc. Roy. Sor., 


1934, A, 145, 699). 
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given temperature, in the less ordered phase there will always be a small equilibrium 
proportion of elements of the more ordered phase. In a liquid there are tiny patches of 
orientation fluctuating according to the hazards of the thermal motion. If we wait 
long enough, orientated patches of very improbable size may momentarily appear, and 
as soon as one beyond the critical magnitude is formed the whole liquid will crystallise. 
The only temperatures at which crystallisation is impossible however long we wait are 
those where even an infinite crystal will dissolve away into liquid. At any lower temper- 
ature crystallisation occurs after a time interval depending upon the improbability of 
building up an orientated patch of the requisite size. This is where the catalytic effects 
come in. In a supercooled liquid, where the probability of crystallisation is still small, 
the change can be induced by the addition of a nucleus of appropriate size, and, what is 
more striking, by particles of any foreign substance, such as dust, which adsorbs mole- 
cules of the liquid in such a way as to present an orientated patch of the appropriate size 
(Hinshelwood and Hartley, Phil. Mag., 1922, 48, 78). Similar considerations apply to 
the condensation of vapours. There are also polymorphic changes in solids. In a lattice 
the pattern with the lower potential energy does not always remain the stabler, because 
its spatial relations may become inconsistent with the necessary thermal motions of the 
molecules. It may, for example, be too close-packed to allow appropriate vibrations to 
occur with the proper amplitude, or there may be more complex reasons, such as those 
recently studied in the case of resorcinol (Robertson and Ubbelohde, Proc. Roy. Soc., 
1938, A, 167, 136). When polymorphic changes occur, they are catalysed by nuclei in a 
way similar to that already described for condensation and for melting. 

Now, chemical reactions are often accompanied by changes of phase, and not infre- 
quently the phase change impresses some of its characteristics upon the reaction as a 
whole. In the type of reaction : Solid I = Solid II + Gas, such as is found in the decom- 
position of calcium carbonate or of silver oxalate, or the dehydration of copper sulphate 
pentahydrate, the rate of the whole chemical change is determined by the formation and 
growth of the nuclei of the new solid phase. We encounter such typically catalytic 
phenomena as the acceleration of the reaction by the addition of solid product, or even 
of suitable foreign solids upon the surfaces of which orientated layers of molecules of the 
new phase can be formed with lower activation energy than they could in regions where 
their potential energy was not lowered by the ordered nature of their environment. One 
might expect to find a relation between the effectiveness of solid additions and the close- 
ness with which their crystal lattice and interatomic distances on certain planes resemble 
those of the solid reaction product. That such correlations should exist is very strongly 
suggested by the work of Bunn on adsorption and orientated overgrowths (Proc. Roy. 
Soc., 1933, A, 141, 567). It is also interesting to note that the effectiveness of nuclei may 
be modified by the presence of adsorbed ions or gases, a fact of significance in reactions 
of such practical importance as the decomposition of explosives and the reduction of silver 
halides in photographic emulsions. The principle that a chemical change may be largely 
determined by the growth of the new phase is further exemplified in the decomposition of 
arsine, strongly catalysed by a surface upon which arsenic is deposited. 

So far, we have been dealing with those extended patterns which present themselves 
in condensed phases. But even in gases we have to consider those more elementary 
designs which the atoms form in their molecules. An assemblage of hydrogen atoms and 
oxygen atoms could, at a high temperature, remain nearly all in a state of complete chaos. 
But at lower temperatures two kinds of pattern formation occur in the gas, the hydrogen 
atoms and oxygen atoms respectively grouping themselves into pairs, on the one hand, 
or pairs of hydrogens ranging themselves symmetrically about single oxygens, on the 
other hand. 

In Fig. 1 the systems (a), (b), and (c) are of decreasing potential energy in the order 


Fic. 1. 
(a. (b.) (c.) 
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shown. At higher temperatures the thermal motion is violent enough to throw a pro- 
portion of the groups into the less stable forms (6) and (a). At temperatures below 1000° 
the balance is almost all in favour of (c). Yet the rearrangement of design (6) into design 
(c) may occur but slowly, and we have a typical chemical process which becomes subject 
to some very remarkable catalytic influences. 

When liquids solidify, the principle that some degree of order creates fresh order leads 
to a discontinuous phase change. When, however, 2H, + O, pass into the higher ordering 
of the system 2H,0, there is nothing in the statics of the process to encourage further 
regrouping of the same kind. Hence we do not observe a transition temperature but a 
continuous variation of equilibrium with temperature. In spite of the contrast in the 
equilibrium relations there is an interesting analogy in the dynamics of the two processes. 
Consider a polymorphic change, for example, of monoclinic to rhombic sulphur. One 
way in which it can, and sometimes does, occur is by the evaporation of one form and 
condensation of the vapour on the other : that is to say, complete resolution of an existing 
pattern and the reconstruction de novo of the other. But the process does not usually 
take place like this. Instead, at the interface, atoms or molecules detach themselves 
from one phase and reorientate themselves on the new structure without ever being free. 
Energy must be imparted to the lattice to initiate the disturbance, but in an amount 


much less than the heat of vaporisation.* 
For the homogeneous regrouping 


AB + XY = AX + BY 


there exist the corresponding two mechanisms—complete resolution followed by recon- 
struction, on the one hand, or, on the other, a rearrangement something like what we see 
when we watch the bits of glass in a kaleidoscope, without any of the atoms ever becoming 
free. Although AX and BY may be more stable than AB and XY, the latter are more 
stable than the intermediate states, so that rearrangement will not generally occur until 
some considerable disturbance of the original structures has been brought about by the 
hazards of thermal motion. Hence the existence of what are called energy barriers, or 
activation energies. 

Owing to the saturable quality of chemical forces, AB and XY are normally not very 
much interested in each other. If, however, some of the AB molecules have split up into 
atoms of A and B, these incompleted patterns wander round seeking a complement, and 
when they meet molecules they will readily enter into the reactions 


A+ XY =AX+ YandB+XY=BY+X, 


after which the dispossessed X and Y wander round in their turn to prey upon AB mole- 
cules, the incomplete patterns eating their way into the less stable to form the more 
stable groupings. This-is called a chain reaction. The possibility of this seesaw-like 
action whereby, once an unsatisfied and voracious atom is introduced, each of the less 
stable forms is cut into, giving a stable one and leaving another unsatisfied fragment to 
continue the process, is in a sense an example of order begetting order, though the action 
affects only the dynamics of the transformation and not the equilibrium. 

Regarded in this light, chain reactions are by no means unexpected or fanciful things. 
They might even be much commoner than they are, for, often, it may be shown that 
once initiated they should proceed almost indefinitely. What militates against their 
more frequent occurrence is not the difficulty of the initiation process, but the fact that 
often the competing rearrangement process has an energy barrier so much lower than 
that required to produce free atoms or radicals that this less spectacular alternative mode 


of reaction completely by-passes the chain reaction. 
The existence of these two types of reaction gives rise to some interesting and important 


catalytic phenomena. 
Such phenomena will be called forth, on the one hand, by agencies which generate, or 


* Compare, e¢.g., the recent study of the mercuric iodide transformation; Eade and Hartshorne, 
J., 1938, 1636. 
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introduce, or favour the survival in the system of the kind of unsaturated and unsatisfied 
atomic groupings which lead to the propagation of chains; and, on the other hand, by 
all agencies which influence the energy barrier to be crossed in the ordinary transformation 
by internal regrouping. 

Into reacting systems may be introduced atoms or radicals similar to those which take 
part in the normal chain reaction, for example, hydrogen atoms into the system 2H,—O,. 
In the well-known catalytic action of nitrogen peroxide in sensitising explosions of 
hydrogen-oxygen mixtures one possible mode of action is by the initial production of 
oxygen atoms, though more complex fragments such as HNO may also play their part. 
One quite plausible mechanism for the homogeneous reaction between oxygen and 
hydrogen is that shown in Table I, in which there is seen to be room for a great variety 


TABLE I. 
H, = 2H 
H+ 0, = OH+0 
O+ H,=OH+H 
M+H+0O,=M+ HO, 
HO, = Inactive products (at wall) 


HO, + H, = H,O + OH 


of positive and negative catalytic influences—surfaces which facilitate the primary dis- 
sociations on the one hand, or the catalytic removal of radicals on the other; substances 
which generate hydrogen atoms, oxygen atoms, or hydroxyl radicals; substances such as 
halogens, which, by removing such atoms or radicals, exert a spectacular anticatalytic 
action. 

As an example from organic chemistry we may take the fact that ether decomposes 
partly by a chain mechanism involving radicals, whereas acetaldehyde does not. In the 
presence of ether, the rate of decomposition of the aldehyde is several times greater than 
normal since fragments from the ether decomposition intervene in the reaction of the 
aldehyde (Table IT). 

TABLE II. 
CH,°CHO = CH, + CO 
C,H;*O-C,H, = CH, + CH,*O- 


C,H 
CH, + C,H,-0-C.H, = C,H, + CH,-0-C,H; 
€H,-0-C,H, = CH, + CH,-CHO 
CH,CHO + CH, = CH, + CH,°CO 


CH,-CO = CH, + CO 


In all these examples we see how the rearrangement of pattern is facilitated by the 
introduction of unsatisfied fragments which set up this seesaw process of redistribution. 
In gases and on surfaces, and in general at higher temperatures, it is atoms and radicals 
which most readily fulfil this function. In solutions there exists a class of partially com- 
plete structures in the form ofions. Among these the hydrogen ion is pre-eminent because 
of the number and variety of structures to which the hydrogen atom may become attached 
by covalent linkages. 

We have been taught by Brénsted and by Lowry that acids are substances capable 
of yielding, and bases of harbouring, protons. A vast number of reactions depend upon 
the addition or removal of the elements of water to or from other molecules or different 
parts of the same molecule, or upon the addition, removal or migration of hydrogen 
atoms. Now, if substances are added which can harbour or yield protons at call, then, 
just as in the chain reactions considered above, a relatively complex evolution depending 
upon the simultaneous satisfaction of several conditions in different molecules, or in 
different parts of the same molecule, may be replaced by a series of simpler processes in 
which the rearrangement of design occurs piecemeal, by a sort of nibbling action of incom- 
plete structures demanding protons, or by the protons themselves derived from acids. 
As an example we may take the classical reaction of ester hydrolysis. According to the 
ordinary equation (Table III), the direct uncatalysed reaction would be a rearrangement 
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in which water is split up and the fragments added in two different places. In presence 
of hydroxyl ions or of hydrogen ions, or substances ready to yield them, schemes become 
possible (Table III) in which the réle of the water is much simplified in that it yields 


TABLE III. 
R:CO-OR’ + HOH = R-CO-OH + R’OH 
9 9 
R:C—O—R’ R:C—O—R’ 
OH H—OH™ H—OH H: 
o , ape 
R{—O-R’ | R—O-R’ 
OH H OH OH H 
H+ 
Q ) 
RE O-R _ RE O-R’ 
OH H OH OH H 
Ht 
Alkaline hydrolysis. Acid hydrolysis. 


only one fragment, the complementary fragment coming from the catalyst. The 
catalysing ion is not so much regenerated as replaced by another ion left over from the 
water, a process presenting a distinct analogy with the radical or atom type of chain 
reaction. The fact that ions here play the part that atoms or radicals play in gas reactions 
is due partly to the internal electrical inhomogeneity of most molecules—a factor of great 
significance in determining their reactivity, as has been brilliantly shown in the electronic 
theories of organic chemistry. This may not be the whole story of acid—base catalysis, 
but it certainly seems to be an important part of it. 
The evolutions which would be required in the one-stage reaction 


H-H H—-H __ 
o——o = 


are too complex for the parade ground of Nature, which prefers not to waste efficiency 
in the mastering of purely decorative company drill, so that in this example the chain 
mechanism has an easy preponderance. But in other examples this will not necessarily 
hold, and a comparatively simple evolution such as 


H H 
H—C—C=0 —> H—C-H + CO 
H NH H 


can compete effectively with the chain process. But before the change of pattern can 
occur the molecule must suffer dislocation and be supplied with energy—a potential 
barrier must be overcome. 

There are various mechanisms by which this energy barrier may be lowered. The 
most important class is where something is present which has an attraction for the reaction 
product, strong enough to aid the abstraction of part of the atomic grouping from its 
original setting, but not strong enough to retain it permanently. Table IV shows some 
examples. Nitrous oxide decomposes on the surface.of platinum: the attraction of the 
platinum surface aiding the removal of oxygerr atoms from the nitrous oxide molecules, 
without, however, being able to prevent a steady escape of oxygen molecules into the 
gas phase. 

The second reaction in the table is general to most organic compounds with an active 
hydrogen atom near to a carbonyl group. The overall result is a catalytic decomposition 


by the iodine. 
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In the third example the easy accommodation of hydrogen on platinum, or of water 
molecules on the hydrate-forming oxide, guides the reaction in the one or the other course. 


TABLE IV. 
1 N,O = N, + O Activation energy ca. 60,000 
N,O (Pt) = N, + O (Pt) Activation energy ca. 30,000 
0+0=0, 
(2) CH,-CHO + I, = CH,I + HI + CO 


Over-all activation energy ca. 30,000 compared with 47,000 for direct reaction. 
(3) H-CO-OH = H, + CO, (platinum) 
H-CO-OH = H,O + CO (alumina) 

The importance of the accommodation of the reaction products on solid surfaces is 
reflected in a marked correlation between catalytic activity and surface spacings. The 
latter are also important in another way : in that, when their pattern is properly adapted 
to that of one of the reactants, they may facilitate its resolution into atoms or radicals 
which enter into further reactions : 


H—H H H 


se a, RS om om 


In these examples the interaction of catalyst and substrate by which the energy barrier 
is lowered is enough to give rise to intermediate compounds or adsorption complexes. 
But, seeing that the changes can in fact occur without the intervention of any catalyst 
at all, it is not surprising that they are often facilitated by encounters with substances 
which simply exert perturbing forces without giving rise to well-defined intermediate 
states at all. 

If A-B is resolved into A and B when activation energy E is communicated to it, then, 
since anything which exerts strong forces on A~B will put it in a state where the potential 
energy of A with respect to B is no longer a minimum, the energy barrier for the decom- 
position may well be lowered. 

To this class of actions, possibly, belongs the marked positive catalysis of the decom- 
positions of acetaldehyde, chloral (Verhoek, Trans. Faraday Soc., 1935, 31, 1521), prop- 
aldehyde (J. H. Strawson, unpublished results), and ethyl bromide (J. E. Hobbs, unpub- 
lished results) by nitric oxide, whose radical-like character makes it exert forces on a 
variety of atomic groups. Our general picture of such a process is as follows (see Table V) : 


TABLE V. 
(1) XYZ =X-+ YZ 
(2) XYZ+C=X+Y+4CZ 
(3) CZ + Y= YZ+C 


In reaction (1), if the catalyst C exerts forces of the type which might tend to the series 
of reactions (2) and (3), then in presence of C reaction (1) may take place with a lowered 
activation energy. We see that a variety of mechanisms are possible which differ in 
degree rather than in kind. Sometimes more than one operate at the same time, and the 
preponderance of type shifts when one passes from one compound to a closely related 
compound—a fact responsible for much controversy and misunderstanding. 

The lowering of activation energy by the influence of foreign molecules may not be 
an unmixed blessing, especially if the lowering is only produced by the co-operation of 
several members of the catalytically active species, as may happen in the case of reactions 
catalysed by surfaces or by the action of a solvent atmosphere. Suppose, to take a simple 
example, that ” molecules of a solid heterogeneous catalyst, or m molecules of a solvent 
grouped round a reactant molecule, can by their united pulls reduce the activation energy 
from an original value E, to E, each contributing a reduction ¢, so that 


AE = ne 
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Now they will only exert the proper forces when they are properly placed, or when they are 
in the right phases of their own vibratory motions, and the chance that all co-operate will 
be proportional to the quantity #", where # is some fraction less than unity. The prob- 
ability of reaction, although increased in the ratio e*’®’, is reduced in the ratio p*. Inthe 
usual notation of reaction kinetics, AE = ne, and P/P, = ". Eliminating 1, we find 
A log P « AE. 

This is a form of the well-known correlation of activation energy and temperature- 
independent factor, for which various kinds of explanation may prove to be possible 
according to the particular case considered. But, in general, one might well expect 
that the more violent the activation process the less need will there be for other more 
subtle conditions to be fulfilled. This has been expressed by the following analogy : 
when a safe is opened by a key, little energy is needed, but precise geometrical conditions 
must be fulfilled : when, on the other hand, it is blown open, much more energy is used, 
but the exact geometry of its lock ceases to be of much importance (Hinshelwood, Bull. 
Soc. chim., 1935, 2, 1786). 

A similar dependence upon a simple algebraic function of the action energy of the 
logarithm of the temperature-independent factor follows from certain assumptions about 
the time relations in the reaction (Fairclough and Hinshelwood, J., 1937, 538), which 
are, in detail, of course, quite different from those discussed above. But the underlying 
principle is the same in each case, the logarithmic form of the relationship, whatever be 
the exact algebraic function of EF, arising from the quite general assumption that the 
reaction depends upon certain rarely fulfilled conditions—in Fairclough and Hinshelwood’s 
treatment the occurrence of a collision of abnormally long duration; in the above, the 
suitable state of several surface atoms or solvent molecules. 

Whatever be the precise mechanism of any given reaction, what is always necessary is 
that the activation energy should be communicated to the molecules, and this brings us to 
the question of the catalytic effects associated with energy transfers. 

Nitrous oxide decomposes into its elements by a primary process 


which occurs as the aftermath of a collision in which the necessary energy is given to the 
molecule. Collisions not only of nitrous oxide molecules among themselves but with 
molecules of argon, carbon dioxide, and other gases are effective, and the different sub- 
stances are specific in their action. The efficacy of halogens in this respect is of a different 
order of magnitude from that of the other gases, and is probably dependent upon the 
mechanism described above. The halogens yield free atoms which seize the oxygen of 
the nitrous oxide, giving halogen oxides, stable with respect to their atoms, though not 
with respect to their molecules; ¢.g., N,O + X = N, + XO and then 2XO = X, + OQ. 
The instability of XO with respect to its elements in the molecular form is of course no 
argument whatever against such a mechanism. Explanations of this kind do not, how- 
ever, contribute anything to the understanding of the action of such gases as carbon 
dioxide or nitrogen, whose efficiency must be connected with their capacity for com- 
municating energy directly to the reacting molecules. There are interesting, though by 
no means simple relations between these phenomena and those of energy transfer occurring 
in sound waves. Eucken has pointed out that the molecules between which such transfers 
occur most readily are often those where there is a potential mutual chemical reactive- 
ness (Eucken and .Kiichler, Physikal. Z., 1938, 39, 831): but the full knowledge of the 
laws governing these exchanges is still lacking. In particular, it may be mentioned that 
a quite remarkable difference sometimes exists between hydrogen and deuterium in their 
power of energy transference. 

When a molecule is set in vibration by collision, there are different normal modes in 
which it may vibrate, and various combinations of these normal modes, so that the 
amplitudes of the vibrations in particular linkages may have very widely varying values 
immediately after the collision, and also varying subsequent histories. Now we have 
seen that energy transfers on collision are highly specific and depend upon the mutual 
forces, so that the collision complex may be thought of as a sort of temporary chemical 
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compound with more or less well-defined properties, and with its constituents tending to 
assume preferred relative orientations. As a result, it is not hard to imagine that the 
molecules may emerge from collisions with certain modes of motion preferentially excited, 
and that the particular mode preferred may depend upon the nature of the other partner 
in the collision. Further, it is conceivable that not one but several preferred modes, 
corresponding roughly to the location of the bulk of the energy in different links, may 
become excited according to the conditions of the initial encounter. Wherever the 
energy is placed, it will, of course, after subsequent collisions soon be redistributed. But 
from the point of view of chemical reaction what matters is the fate of the activation 
energy in the time between two collisions. This determines the chemical life of the 
activated molecule and the whole kinetic character of the reaction. 

This supposed phenomenon of preferential kinds of energy transfer may possibly be 
the cause of a number of interesting subtleties in reaction kinetics which may be sum- 
marised as follows. 

(1) Some reactions, such as the decomposition of nitrous oxide or of acetaldehyde, 
appear to be kinetically a superposition of more than one unimolecular change leading to 
the same products: this would be accounted for if different types of activated molecule 
had their characteristic mean chemical lives. (2) In such examples the relative con- 
tributions from the different types of molecule to the total observed reaction will depend 
upon the pressure. Accordingly, the mean activation energy is found to vary with 
pressure. On this point two more detailed observations are relevant: (a) The variation 
with acetaldehyde is small and its reality has been called in question : the variation has, 
however, been confirmed by R. E. Smith with deuteroacetaldehyde, where it is qualitatively 
similar and more pronounced. (0) The observed activation energy sometimes rises as 
the pressure falls. This cannot be explained by the well-known idea that the probability 
of reaction increases with the energy content of the molecule, since, as the pressure falls 
the molecules which contribute more and more to the total observed change are those 
with the relatively smaller reaction probabilities. Thus a qualitative rather than a 
merely quantitative difference between types of activated molecule is indicated. (3) 
With nitrous oxide the relative efficiency of argon, nitrogen, and carbon dioxide is a 
function of the pressure. It is as though argon and nitrogen were effective in producing 
the kind of active molecule which contributes most at lower pressures (longer chemical 
lives), but are helpless to produce those which contribute to the high-pressure change 
(shorter lives). The action of carbon dioxide, on the other hand, is more or less uniform 
over the corresponding pressure range. 

These various phenomena have been referred to because they are catalytic in the sense 
of relating to the influence of one molecule on the chemical behaviour of another. The 
explanation to which allusion has been made, though not a definitely accepted one, is of 
interest in relation to the general thesis of this lecture, since, in connection with the 
mysteries of energy transfer, reference was made to possible preferred orientations of 
molecules at the moment of impact. Is it too fanciful to see here also the operation of 
the pattern-forming tendency even in the fleeting intimacy of the collisional encounter ? 

The experimenter usually seeks the simplest systems with which to illustrate the 
principles of his science, especially when he is interested in the verification of mathematical 
laws. But a strange disillusion often attends the mathematical analysis of even the 
simplest real systems, and, by way of compensation, some of the more complex systems 
may show well-defined phenomena whose qualitative significance far outweighs any 
numerical uncertainty in their interpretation. In this connection reference may be made 
to recent studies of polymerisation reactions, which lead to the formation of that type of 
molecule all-important in animate Nature. 

The most complex of all the structures of Nature, and the most elaborate in their 
function, are those of living matter. To arrive at the understanding of processes such 
as those of vital synthesis and growth is a great problem, the incentive to attack which 
is made all the greater by the many dimly seen yet fascinating analogies with the simpler 
processes of the inanimate world. The adaptation of reactions to the surface patterns 
of catalysts has its analogy in the functioning of enzymes. The highly specific pharmaco- 
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logical action of complex organic compounds is often probably a question of the relation 
between the spacings in protein patterns and the spacings of certain active groups. 
Indeed, to use teleological language, is not one of the chief purposes of the countless 
organic compounds simply to provide Nature with a scaffolding of almost infinite vari- 
ability by which her real weapons can be deftly and accurately applied to their mark? 
We have seen how pattern may beget pattern, and order may create order, and this 
reminds us of the fascinating problems of growth, of differential growth which is the 
basis of the morphology of natural things, of normal and of disordered growth and all 
that these mean for human life. We have seen that the pattern-begetting principle has 
both static and dynamic aspects, and we are led to wonder whether there is not a connec- 
tion between this and the mysterious action of viruses. 

But here we are becoming lost in speculation, valuable as a stimulus to further experi- 
ment: of doubtful utility in itself. To have paused for a moment, however, to reflect 
how many of the phenomena of chemistry are simply consequences of the eternal struggle 
between order and chaos, two principles so like the yin and yang of ancient Chinese wisdom, 
is perhaps not wholly unjustifiable, for generalities are only dangerous if they inhibit 
detailed work or discourage technical virtuosity. And under modern conditions this 


danger is not a very present one. 
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Application of Isotopes in Biology. 


By GEORGE HEVEsy. 


(The opening contribution to the Discussion held at a joint meeting of the Chemical Society 
and the Physiological Society on February 9th, 1939.) 


THE main use of isotopes in biology is for labelling purposes. To be a suitable indicator 
for biological research an isotope has to fulfil two conditions : it must be absent or present 
at a small concentration only in the body or the plant to be investigated; it should be easy 
to determine. These conditions are fulfilled best by radioactive isotopes, Radioactive 
isotopes of suitable periods of sodium, potassium, magnesium, calcium, phosphorus, 
sulphur, chlorine, iodine, iron, copper, and some other elements are available and we can 
make use of them when faced with the problem of following the path of these elements in 
the body—the way and extent of their participation in metabolic processes. No radio- 
active isotope of hydrogen, and none of nitrogen, oxygen and carbon* of suitable period, 
are known, and therefore we have to make use of rare, stable isotopes such as 2H, 180, 15N, 
or 18C as indicators. *H and 180 are usually determined by measuring the density of water 
obtained when the compounds containing these isotopes are burnt in normal oxygen and 
hydrogen, respectively; 15N and 38C are determined with the mass spectrograph. The 
latter method is less exacting than the density method as to the purity of the samples 
used, and in the case of nitrogen is reported to require but 1 mg. for the analysis (Schoen- 
heimer and Rittenberg, J. Biol. Chem., 1939, 127, 285). 

The use of isotopic indicators has revealed that many of the atoms present in the 
organism spend on an average only a short time at a fixed place-or in an individual molecule 
in the body. When using isotopic indicators, the biologist discovers the dynamic aspect 
of the processes going on in the organism which he otherwise seldom encounters. This 
will be best understood from a discussion of a few examples of the application of isotopic 
indicators, as, for example, the radioactive phosphorus isotope (°2P). Phosphorus is an 
important constituent of the body not only in the form of inorganic phosphate but also as 
phosphorus incorporated in organic compounds. Hence by tracing the course of labelled 
P we get information not only about several aspects of the mineral metabolism of that 
element but also as to the place and rate of formation of the important group of organic 
compounds which contain phosphorus. %*P can be prepared easily by the action-of fast 
neutrons on sulphur (suitably present as carbon disulphide) or by the action of deuterium 
ions on *P.¢ This radioactive indicator decays with a half-life time of 14-5 days and 
emits 8-rays which lose half their intensity after passing an aluminium layer of 4 mm. 
thickness. Labelled phosphorus is usually administered as sodium phosphate. Active 
sodium phosphate in minute quantities (10 g.) can be prepared by the action of neutrons 
on sulphur, The administration of such a negligible amount has the advantage of leaving 
the concentration of phosphorus present in the organism unchanged and in all cases permits 
working under strictly physiological conditions; moreover, the disturbing effect of the 
radiation emitted by the sample need not be considered if the use of preparations of high 
activity is avoided. 

The animal body contains quite an appreciable amount of potassium which emits 
8-radiation similar to that emitted by any of the artificially produced radio-elements, If 
we stress the importance of the noxious effect of the radiation emitted by the radioactive 
indicator, we arrive at the result that every organism, owing to the presence of potassium, 
is always under the influence of such an effect; in point of fact, some of the indicator 


* The radioactive isotope "C has a half-life period of 22 minutes. When strong preparations are 
available, experiments lasting to 3—4 hours can be carried out by means of this isotope. 

t According to the equations #S + jn = #P + jH and #!P + 3D = #@P + 3H, respectively. to 
many cases we prepared **P by the trib tnentidned siiethioll, iaiag a sitittere of 600 mg. of radium and 
of beryllium kindly put at our disposal by Professor Niels Bohr; when strong activities were wanted, 
samples which were a generous gift of Professor Lawrence in Berkeley were used. 

4k 





1214 Hevesy: Application of Isotopes in Burology. 


research can be carried out by using activities of the same order of magnitude as that of the 
potassium normally present in the animal. 

When discussing the application of isotopes as indicators, we must remember that iso- 
topes are not strictly chemically identical atomic species. The difference can best be seen 
in the case of the isotopes of hydrogen. The equilibrium constants of reactions in which 
H on the one hand and D on the other are involved can differ quite materially, and the 
same is true of the velocity constants. The difference in the chemical properties of all the 
other elements is much less marked than that between hydrogen and deuterium, hydrogen 
having in many respects an unique position, since it is the only element which even 
temporarily splits off atomic nuclei in the course of chemical reactions. In spite of its 
shortcomings, deuterium has been used in numerous cases with great success as an 
indicator. Some of these applications will be reviewed by Dr. van Heyningen. We may 
expect that the lack of strict chemical identity of the isotopes of elements which are heavier 
than hydrogen will still less hamper their use in indicator work. The difference in the 
chemical properties of isotopes, such as *4P and *2P, may lead, for example, to a difference 
in the distribution coefficient of the phosphate radical between inorganic phosphate and 
lecithin phosphate in the body, but the difference will be a very minute one and will influence 
the results obtained much less than the errors incidental to the experiment. If we find 
that in the liver **P which was originally present as inorganic phosphate becomes incorpor- 
ated at a definite rate into lecithin-phosphate, we can without hesitation extrapolate 
this result as to the behaviour of *P. Should one of the enzymes, the presence of which 
is indispensable to the reactions studied, fail to act on one of the two isotopes, this would 
seriously hamper the applicability of the isotopic indicators in such a case. However, no 
example of such behaviour is known, and it is very improbable that enzymes which act 
in the presence of *4P would fail to do so in the presence of 82P. In what follows we shall 
discuss some applications of **P as an indicator. 


Disappearance of the Labelled Phosphorus from the Circulation. 


We inject labelled sodium phosphate into the veins of, for example, a rabbit, take at 
intervals small blood samples (0-3 c.c.) from the ear veins, and determine their activity 
or that of their plasma content. By this 
procedure we can easily follow the rate of 
disappearance of the labelled phosphate 
from the blood or the plasma. An appreci- 
able part of the labelled phosphate injected 
into the blood plasma will almost instantly 
go over into the extracellular fluid present 
in the body. This process will be responsible 
for the disappearance of up to ¢ of the 
labelled phosphate introduced into the 
plasma. As seen from Fig. 1, however, in 
the course of 2 hours the labelled P content 
of the plasma decreases to 2% of its initial 
-14 value. Most of the **P which has left the 
plasma can be located in the bone tissue, in 
the cells of the muscles, the liver, and other 
oO —soorgans, and also in the blood corpuscles, in 

__ Hours. which it replaces an equal number of non- 
Change of the logarithm of the labelled P content of jabelled P atoms, which move into the 


the plasma of a goat with time after administration of oe tee . 
labelled sodium phosphate by intravenous injection. plasma. A keen competition is thus going 
(Aten, Dissert., Utrecht, 1939.) on between the plasma, the bone tissue, 


and the cells for the possession of each 
individual phosphorus atom. To this competition is due the fact, illustrated in Fig. 2, 
that, when the labelled phosphate is administered by subcutaneous injection or by mouth, 
only a fraction of the labelled P atoms will be found simultaneously in the circulation. 
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Owing to increased absorption the labelled P content will first increase with time, but 
after about 25 minutes a maximum content of only about 3% of that administered by 
subcutaneous injection will be reached, which will be followed by a decrease due to the 
interaction described above. %2P will also be removed from the plasma by excretion 
through the kidneys and the bowels, but, in the course of 24 hours, the amount is less than 
15% of the amount administered, as discussed in more detail on p. 1218. 

Elements which do not form organic compounds and are not main constituents of the 
bone tissue show a very different behaviour, as seen in Fig. 3, which shows the change of 
the plasma activity with time after intravenous injection of labelled sodium as sodium 


chloride. 
Distribution of Labelled P between Different Organs in Rats. 


The distribution of 32P between different organs in a rat, 4 hours after subcutaneous 
injection of labelled sodium phosphate of negligible weight, is seen in Table I, which contains 
also data on the total P content of the organs. The total P was determined by the colori- 
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metric method of Fiske and Subbarow and the radioactive measurements, mostly made 
by Miss Hilde Levi, were carried out with a Geiger counter. 

As the Table shows, most of the 32P absorbed into the circulation is found in the bones, 
the muscles, the liver, and the digestive tract. In many cases it is of importance to consider 
the ratio of labelled P to total P present in an organ. This quantity—the specific activity 
(the percentage of the activity administered shown by 1 mg. of P)—tells us to what extent 
the P atoms present in the organ participated in the exchange process in which were 
involved the labelled P atoms present in the circulation. From the fact that the specific 
activity of the muscle P is about nine times larger than that of the bone P it follows, for 
example, that, during the time in which about 9P atoms present in the muscle tissue were 
replaced by labelled P atoms, only 1P atom of the bone tissue was involved in an exchange 
process. At the start of the experiment all labelled P atoms are present in the plasma, 
but during the experiment a stage will be reached at which the labelled P atoms will be 
equally distributed between the plasma P and the muscle P. At this stage, probability 
considerations alone determine how many labelled P atoms will be present in the plasma 
and how many in the muscle tissue; an equipartition of the labelled P atoms between 
plasma and muscle is reached, the P atoms present in the muscle all having become 
“ renewed.’’ The extent to which equipartition is reached is a convenient measure of the 
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rate of replacement of the P atoms in question. In this connection it may be permissible 
to mention that considerations which apply to a labelled P atom apply to every P atom. 
Each individual P atom present in the plasma will have a chance to be incorporated into 
the muscle tissue which can be determined by ascertaining the rate of incorporation of 
32P atoms in the latter. In experiments of short duration, as seen in Table I, only about 
} of the activity administered is to be found in the bones, but with longer time the active 
P accumulates to an increasing extent in the skeleton and, after 98 days, 92% of all 
labelled P atoms present in the body are in the skeleton (Table II). On the other hand, 
the share of the muscles in the uptake of labelled P present in the body (compare Table IT) 
increases at first, but decreases again after about 20 days. The rats in question excreted 


TABLE I. 


Distribution of labelled phosphorus between different organs in a rat 4 hours after subcutaneous 
injection. Weight of the rat, 188 g. 


Organ. Weight, g. Total P content, mg. % Labelled P present. Specific activity. 

BORGES ccc ccccsccccccscesccoese 21-6 931 18-6 0-020 
Muscles 118 15-4 0-131 
Liver ... 29-5 0-475 
Digestive tract +e ‘content 34-8 0-365 
Skin ........ oe 45-8 0-192 
Lungs + heart ....csscess 15-8 0-317 
B00 onc ccccccccccccccccccces 3-58 0-558 
Kidneys 5-05 0-370 
Spleen ...c.cccccccccecoccceees 3-91 0-256 
Brain ..... ccesccere 5-07 0-032 
Place of injection 3-01 — 
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TABLE II. 


% Total labelled P present in the body found in some organs of rats. 
Time after which the rat was sacrificed : 
Organ. hour. 4hours. 10days. 20days. 30days. 50days. 98 days. 


Muscles _..... cooee §=18°3 19-4 25°8 28-8 25-2 12-1 3-6 


Carcase after removal of 

bones, muscles, blood, and 

skin aaa . 37-0 43-6 21-0 16-4 13-1 6-7 
Total skeleton peeniiiiines.. Tan 23-4 43-1 43-1 51-8 76-5 


daily about 12 mg. of P through the kidneys. As the inorganic P present in the circulation 
amounts to only about 1 mg. and the total acid-soluble P to about 6 mg., most of the labelled 
P atoms present in the circulation at any moment will be swept out by excretion within a 
day. This will have the result that the labelled P atoms present in the organs will migrate 
into the plasma. In fact, such a movement takes place in all stages of the experiment, 
but its effect is now overcome by a larger movement taking place in the opposite direction. 
Different organs will participate in this movement to very different extents. Those P 
compounds, such as most of the acid-soluble ones (see p. 1218), which are easily formed 
will also readily decompose and the labelled P incorporated in the latter will reach the 
impoverished plasma quickly. On the other hand, the labelled P atoms which find their 
way with difficulty into the bone tissue will also be given off at a slow rate. This consider- 
ation applies especially to the diaphysial (hard) bone, the P atoms of which are exchanged 
at a slower rate than those of the epiphysial (soft) bone (Hevesy, Holst, and Krogh, Kgl. 
Dansk. Vidensk. Selsk. Medd., 1937, B, 1, 18; Dols e¢ al., Nature, 1938, 142, 953). The 
epiphysis of a rabbit exchanges, within the first 3 hours of the experiment, 1/400 part of its 
P atoms, presumably those which are in contact with the circulating lymph containing 
labelled phosphate, but replacement of all the P atoms present in the diaphysis is not 
effected even after several months. After 50 days (see Table III) the specific activity 
of the diaphysial P amounts to only one half of that of the urine P and thus also of the 
inorganic P in the plasma. In contrast to the urine, the plasma contains only small 
amounts of inorganic P; it is therefore advisable in experiments of long duration, when 
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samples of sufficient activity are desired, to investigate the urine P. We found that the 
specific activity of urine P is equal to that of the plasma inorganic P. The urine data are 
those obtained by an investigation of the urine collected on the day preceding the sacrifice 
of the rabbit. As a part of the labelled P was incorporated at a stage at which the plasma 
P was much more active than it was on the last day of the experiment, the extent of equi- 
partition of labelled P between plasma and diaphysis in the course of 50 days is, in fact, 
less than 50%. 


TABLE III. 


Specific activity of femur diaphysis P and of urine P of rats. 
. B. 
Specific activity. 
Time after which the aide dal . 
rat was sacrificed. Of femur diaphysis P. Of urine P. Ratio A/B. 


10 days 0-0045 0-0528 . 0-085 
0-0036 0-0190 0-190 

ag 0-0057 0-0174 0-328 
50 ,, 0-0059 0-0126 0-468 


The extreme case of a hard, highly mineralised bone is the enamel. This contains 
about 5% of non-mineral constituents and therefore there is only a very slight lymph 
circulation in it, which suffices, however, to enable it to take up a minute amount of *2P. 





Study of Excretion. 


Chemical analysis of the food taken and of the excreta permits the determination of the 
extent to which the organism is in balance. Chemical methods, however, cannot determine 
to what extent the substances found in the feces originated from non-digested food and 
to what extent they were carried into the digestive tract, coming from the body proper 
in the form of digestive juices. This problem can be solved under strictly physiological 
conditions by making use of isotopic indicators. 

The simplest procedure is the following: at a suitable time after the administration of 
labelled sodium phosphate, we determine the specific activity of the urine P and that of the 
feces P. Both originate from the blood plasma and, if only we wait for a sufficient time, 
the specific activity of the P compounds carried into the digestive tract from the body 
will be about equal to that of the urine P. If the feces P were entirely of endogenous 
origin, it should show a specific activity equal to that of the urine P. If we find the feces 
P to be less active than the urine P, the active feces P of endogenous origin must have 
been diluted by non-active P. Since the sole source of non-active P is the diet, the ratio 
of the specific activities of the feces P and the urine P tells us to what extent the endogenous 
faeces P was diluted by food P. 

The ratio 100 x specific activity of feces P/specific activity of urine P gives the 
percentage of P present in the feces which originates from the body proper. The amount 
of non-digested P found in the feces of rats is seen in Table IV. The samples were 
collected 10, 20, 30, and 98 days respectively after administration of the labelled P. 


TABLE IV. 


Food P and endogenous P in the faces of rats. 


Specific activity of feces P % Non-absorbed food P 
Rat. Specific activity of urine P” in total feces P. 
I 2-47 60 
II 3-10 68 
III 2-29 56 
IV 2-44 59 





In the case of human subjects, ? to ¢ of the P present in the feces was found to 
originate from non-absorbed food P. Many other problems of food absorption, having 
not only physiological but also clinical interest, can be investigated by making use of 
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isotopic indicators. Vegetables raised on labelled soil, meat, eggs, or milk produced by a 
labelled organism can be fed, and the rate of resorption tested by measuring the activity 


of the urine and feces. 


Formation and Turnover of Organic Phosphorus Compounds. 


So far we have discussed some aspects of the mineral metabolism of phosphorus. We 
will now consider the application of labelled P for the purpose of obtaining information 
as to the place and rate of formation of organic compounds containing phosphorus. 

As the organic P compounds are built up inside the cells, the formation of labelled P 
compounds must be preceded by penetration of labelled phosphate from the plasma, or 
lymph, into the cells. The rate at which this process takes place can be estimated by 
comparing the specific activities of the inorganic P present in the cells and that present 
in the plasma. In experiments on rabbits, in which the labelled phosphate was injected 
drop by drop (see p. 1220), we found that after 3 hours the specific activity of the inorganic 
P extracted from the muscles amounted to about 8% of that found for the inorganic P 
present in the plasma. The exchange of the plasma phosphate and muscle phosphate is 
therefore a comparatively slow process. The rate of penetration of the phosphate ion into 
the cells was found, in an investigation carried out in collaboration with Dr. Hahn and Mr. 
Rebbe, to differ markedly for different tissues, as seen in Table V. In view of the 
comparatively low inorganic P content of the extracellular fluid * the above figures represent 
to a first approximation the relative rates of penetration of labelled phosphate into the 
cells of the different organs. 

Information on the rate of formation of organic P compounds, for example, of creatine- 
phosphoric acid, can be obtained by comparing the specific activity of the creatine- 
phosphoric acid P with that of the inorganic P present in the muscle cells. As seen in 
Tables VI and VII, the formation of several of the acid-soluble P compounds is a compar- 


TABLE V. 


Relative rates of penetration of labelled inorganic phosphate into the tissue of different organs. 
Organ  ..seseeee +e Brain Muscle Corpuscles Spleen Heart 
Relative rate of penetration ‘of labelled phosphate 1 4 6 17 20 
ERR aie cenwescce concsactococessccs temtwesacepececcsdconees  LRg® Midmay Liver Intestinal Kidney 
(medulla) mucose (cortex) 
Relative rate of penetration of labelled phosphate 25 26 28 30 50 


TABLE VI. TABLE VII. 


Specific activity of P fractions extracted from Specific activity of the acid-soluble 
rabbits 4 hours after the start of the experi- phosphorus fractions extracted from the 
ment. The labelled sodium phosphate was in- liver and kidneys of rabbits 4 hours after 
jected into the veins drop by drop during the _ the start of the experiment. 
experiment. 
Relative Relative 

Fraction. specific activity. P fraction. specific activity. 
PIASIAR MROTQOMES PP  cciccccssccecsocceses 100 Plasma inorganic P 100 


BEMSCIS MRAEMARES P  cccccccceccecsicocons 7:3 Liver inorganic P ............ 55 

02 CBOMEED Pon ccc ccc ccccscnsenscens 1-0 = pyrophosphate F PP... 38 
GO? ua. 0-8 oo err. é0see 18 
lecithin P isolated as “chloro- 

cadmium compound 0-07 Kidney inorganic P 

a yrophosphate P.. 

Tibia epiphysis P  ...........sssseeeeeees 0-32 a fexcee P we 
GROIN Poi. ote vce ccvnsecsecseces 0-17 »  non- hydrolysed Pp. 25 


atively rapid process. In the case of the kidneys, within about 4 hours, a perfect exchange 
equilibrium is reached between the phosphate ions of the kidney cells and those of 


* From the distribution of labelled sodium in the organs of a rabbit Griffiths and Macgraith (Nature, 
1939, 143, 159) calculated the volume of the extracellular fluid in these organs. 
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the plasma. We see also the rejuvenation of a large part of the acid-soluble organic P 
compounds present in the liver, especially that of the adenosinetriphosphate molecules. 
That of the three P atoms of the adenyltriphosphate molecule the two labile ones are 
replaced at a very fast rate, was shown also in experiments 1m vitro by Meyerhof and his 
collaborators (Biochem. Z., 1938, 298, 396), who found that when active sodium phosphate 
was added to a solution containing adenyltriphosphate, cozymase, muscle extract and 
other ingredients, about 40% of the labile P atoms of the adenyltriphosphate molecules 
were replaced by active ones within 20 seconds. As to the replacement of the third P atom 
of the last-mentioned compound, Parnas and Korzybski (Z. physiol. Chem., 1938, 255, 195), 
by measuring the activity of inosinephosphate P, into which the non-labile P atom of the 
adenosinetriphosphate molecule was converted, showed that it took place at a very slow rate. 
Parnas and his colleagues, in collaboration with us (Acta Biol. Exp., 1938, 12, 34), 
prepared various labelled phosphorus compounds and determined in mixtures containing 
partly labelled and partly non-labelled P compounds, which of these compounds transferred 
its phosphate group to phosphorus acceptors. For example, when adenyltriphosphate was 
formed from adenylic acid in the presence of phosphoglycerate and inorganic P, it was 
found that the phosphate group of the latter, without an inorganic intermediary, was 
incorporated into the adenyltriphosphate molecule. Although the investigation of the 
formation of labelled acid-soluble P compounds, both by i» vivo and by im vitro experiments, 
supplies us with valuable information as to the formation of organic compounds of this type, 
the very appreciable speed with which some of them are resynthesised in the organism some- 
what restricts the applicability of isotopic indicators in the study of their formation. This 
is not the case for the other large groups of organic P compounds which include the 
phosphatides, nucleoproteins and phosphoproteins, which we shall discuss in what follows, 


Phosphatides. 


In one of our earliest researches we investigated the extent to which the phosphatides 
present in the brain tissue of fully grown animals were rejuvenated. We administered 
labelled sodium phosphate to aged mice, rats, rabbits, and cats; in each case the formation 
of some labelled phosphatide could be demonstrated. Detailed work was carried out on 
the relative turnover of phosphatides in different organs. Artom and his colleagues 
(Arch. Intern. Physiol., 1937, 45, 32; 1938, 47, 245), Chaikoff and his collaborators (J. 
Biol. Chem., 1937, 122, 169; 1938, 123, 587; 1938, 127, 1795; 1939, 126, 493; Dols and 
his colleagues, Nature, 1937, 141, 77), and also our group (Hahn and Hevesy, Skand. 
Arch. Physiol., 1937, 77, 148; Hevesy and Lundsgaard, Nature, 1937, 140, 275; Hevesy 
and Hahn, Kgl. Dansk. Vidensk. Selsk. Medd., 1938, B, 2, XIV; Hevesy and Aten, ibid., 
1939, B, 5, XIV) compared the relative activities of the phosphatides extracted from 
different organs. 

This comparison led to the result that in the liver, in the kidneys, in the intestinal 
mucose, and also in the milk gland (Aten and Hevesy, Nature, 1938, 142, 111) a much 
larger turnover takes place than, for example, in the muscles or the brain. Simiiar results 
were obtained by Sinclair (J. Biochem., 1936, 115, 211; 1937, 118, 122; 1937, 121, 361), 
using elaidic acid as an indicator. The presence of this easily traceable substance in the 
phosphatide molecules extracted from the organs enabled us to conclude that the latter 
were formed following the administration of the elaidic acid in the same way as the 
phosphatides containing active P were formed following the administration of labelled 
sodium phosphate. Elaidic acid proved to be a very useful nonisotopic indicator, but is 
inferior to the isotopic indicators in its applicability for quantitative purposes, as shown 
by the following example : In rats provided with large amounts of elaidic acid throughout 
the entire period of prenatal and postnatal development, the elaidic acid content of the 
fatty acids in the phosphatide of the brain was found by Sinclair to be only } of that of 
the liver and the muscles. There is clearly a greater degree of selection in the building up 
of the brain phosphatides than those of the liver and muscles, which vitiates the application 
of this indicator in quantitative research. In the case of the P isotopes such a disturbing 
selectivity is absent. 
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The very marked rate of the turnover of the phosphatides in the liver compared with 
the muscles and the brain is seen in Table VIII, which contains also data on the phosphatide 
turnover in tumour tissue. The percentage of the phosphatides which are actually 


TABLE VIII. 


Specific activity of the phosphatide P extracted from different fractions of a mouse 4 hours after 
administration of labelled sodium phosphate. 
Fraction. Relative specific activity. 

"2-9 

Spontaneous breast tustour fresh tissue .......0.e.0000+0 11-8 

Necrotic tissue .........0.e00e 10-3 
renewed during the experiment cannot be determined from these figures, or from those 
given by experimenters who state the percentage of the activity administered present in 
the phosphatides extracted from different organs—a magnitude of restricted interest. To 
determine to what extent the muscle phosphatides are renewed, for example, after the 
administration of labelled phosphate, we must determine the extent of equipartition of the 
labelled P atoms between the inorganic P and the phosphatide P extracted from the muscle : 
if we find that the former is fifty times more active than the latter per mg. of P, we have to 
conclude that active P was incorporated in 2% of the phosphatides and was therefore 
formed in the course of the experiment. The comparison of the specific activities of the 
muscle inorganic P and phosphatide P which is carried out at the end of the experiment is 
vitiated by an error due to the appreciable change in the specific activity of the plasma 
inorganic P during the experiment. This error can be to a large extent eliminated by 
different devices. One is to inject the labelled phosphate into the veins of the animal drop 
by drop so as to cause the specific activity of the plasma inorganic P to remain constant or 
to change in a way which can be simply accounted for: we thus found that about 14% 
of the residual (‘‘ nucleo-protein ’”’) P present in the liver of rabbits were newly formed in 
the course of 3 hours; for the residual P present in the kidneys, almost the same value 

was found. 

Place of Formation of the Phosphatides.—A daily-laying hen deposits daily about 60 mg. 
of phosphatide P in the yolks present in the ovary. Whence does this phosphatide 
originate, in which organ is it formed ? 

The phosphatides extracted from the ovary of a hen, after the administration of labelled 
sodium phosphate, are only slightly active (see Table IX). From this fact we can conclude 
that the phosphatide is not formed in the ovary. Neither is it formed in the corpuscles, as 
the corpuscle phosphatides are less active, having a smaller specific activity than the 
plasma phosphatides. Table [X* shows that the bulk of the phosphatides incorporated 
in the yolk has been formed in the liver of the hen and conveyed by the plasma to the 
ovary. We can follow the flow of the labelled phosphatides, 7.e., of the phosphatides 
formed during the experiment, from the liver through the plasma to the ovary. As the 
daily incorporation of phosphatides into the yolk is much larger than the total phosphatide 
content of the plasma (the amounts of phosphatide P being about 60 mg. and 20 mg., 
respectively), the phosphatide content of the plasma is poured into the yolk and renewed 
several times in the course of 24 hours. To lessen the strain of the phosphatide transport 
by the plasma, Nature has endowed the hen with an unusually high plasma phosphatide 
content (corresponding to about 20 mg. % of phosphatide P), that of a mature hen being 
much higher than that of other animals (Lorenz e¢ al., J. Biol. Chem., 1938, 123, 577). 

The sequence of decreasing percentage of labelled phosphatide in the total phosphatides 
extracted from the different organs indicates the place of phosphatide formation and the 
path of its flow. No similar conclusions can be drawn from the change in the total 
concentration of the phosphatides extracted from different organs. The phosphatide 


* The figures recorded are those found for the average of the phosphatide mixture present in the 
organs; as seen in Table VI, very different values are obtained when lecithin, cephalin, etc., are 


separately investigated. 
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content of the liver is higher than that of the plasma; nevertheless it is conceivable that 
the phosphatides found in the liver were carried into it by the plasma from another organ, 
as the organs have the ability to concentrate substances. If we find, however, that the 
percentage of the phosphatides renewed in the course of the experiment is larger in the 
liver than in the plasma, we can conclude with certainty that the bulk of the newly formed 
phosphatides was formed in the liver and not carried into it from other organs. The 
only channel through which the phosphatides formed in another organ can reach the.liver 
is the plasma. If the latter had carried strongly active phosphatides, its phosphatide 
content would have become correspondingly active: this, however, was not the case. 
The fact that the specific activity of the phosphatide P of the liver is higher than that of 
the plasma is incompatible with the assumption that the phosphatide P of the liver originated 
in another organ and was carried by the plasma into the liver. This example illustrates 
the great importance of investigating the specific activities of the different fractions isolated 
from the plasma simultaneously with those extracted from the different organs. The 
conclusion that the phosphatides present in the yolk were carried into it while located 
in the ovary is supported by experiments in which labelled sodium phosphate was 
administered to hens at a time when the yolk investigated had left the ovary and was 
located in the oviduct. While from the strongly active plasma a strongly active shell was 
formed, and the white and yolk were also found to be active, the latter did not contain 


active phosphatides. 
TABLE IX. TABLE X. 


Specific activity of the phosphatide P Activity per mg. of phosphatide P extracted 
extracted from the organs of a hen 5 hours from milk and organs of a goat 44 hours 
after administration of labelled sodium phos- after administration of labelled sodium phos- 
phate. phate. 

Specific activity. Fraction. Relative specific activity 


0-8 -02 


Plas 0 
0-07 i ces ggeeegeeeens 1-4 
0-065 i 1 
1-2 


Intestinal mucose 0-18 - 


Milk Phosphatides—In contrast to the phosphatides present in the yolk, which are 
carried into it by the plasma, the phosphatides present in the milk are built up to a large 
extent in the milk gland. The phosphatides extracted from the milk of goats were found 
to be more active than those extracted from the plasma (see Table X) and less active than 
those present in the milk gland.* 

The Origin of the Phosphorus Compounds in the Embryo of the Chicken.—One more 
application of labelled P for locating the formation of phosphatides may be. discussed, 
namely, the question whether the phosphorus compounds present in the embryo are 
formed in it or are taken up from the egg. Wecan answer this point by introducing labelled 
(radioactive) sodium phosphate into the egg before incubation and determining to what 
extent the phosphatides of the yolk and of the embryo become labelled. If none becomes 
labelled, we can conclude that the phosphatide molecules in the embryo are not newly 
synthesised by incorporation of labelled inorganic phosphate. If, however, the yolk 
phosphatide remains unlabelled while that of the embryo becomes radioactive, we can 
conclude that the phosphatide molecules present in the embryo have not come from the 
yolk but have been built up in the embryo with the participation of labelled inorganic P. 
Similar considerations apply to certain other compounds occurring in the embryo. Physio- 
logical sodium chloride solution (0-1 c.c.) containing a trace of labelled P was injected into 
the white of the eggs and the latter were incubated for several days; different phosphorus 
compounds of the chick’s embryo and also of the remains of the yolk were then extracted, 
and their P content determined both by chemical and by radioactive methods. Some 


* The formation of labelled casein P and labelled ester P and phosphatide P present in milk was 
investigated in detail by Aten (Dissert., Utrecht, 1939). 
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of the results obtained (Hevesy, Levi, and Rebbe, Biochem. J., 1938, 32, 2147) are in 
Table XI. 
TABLE XI. 


; ¥* TABLE XII. 

Specific activity of P extracted from 
different fractions of an egg incubated for 11 Specific activity of acid-soluble P fractions 
days. (Specific activity of P extracted from extracted from rabbit's blood 3 hours after the 
the white taken as 100.) start of the experiment. 

Fraction. Specific activity. Fraction. Specific activity. 

Embryo: Plasma inorganic P . cocece 100 

Average acid-soluble P .. 100 Corpuscle inorganic | enna 14-8 

Inorganic P_... 2 86 Corpuscle pgs ae 15-1 

Adenosine P + inorganic J P. 107 ** Hexose’ noid 14-8 

CHORD PF  cisiccc ccc ccc ccscescesece 102 “ Diphosphoglycerate ” P 

Phosphatide P ..... 113 

Residual non acid-soluble P.. 122 
Yolk: Phosphatide P .......... 0-11 


As the figures show, the phosphatides extracted from the yolk are only slightly active, 
whereas those extracted from the embryo show strong activity; 1 mg. of embryo 
phosphatide P is nearly 1000 times as active as 1 mg. of yolk phosphatide P. Further- 
more, the specific activity of the embryo phosphatide P is about as high as that of the 
embryo inorganic P, showing that an inorganic P atom reaching the embryo has about 
the same chance of entering the skeleton as of being incorporated in a phosphatide 
molecule by an enzymic process—which of the two systems it enters being governed 
solely by probability considerations. From this it follows that the phosphatide molecules 
in the embryo are not identical with those derived from the yolk, but are synthesised 


in the embryo. 


Permeability of Blood Corpuscles. 
As mentioned on p. 1215, by comparing the specific activities of plasma phosphate and 


muscle phosphate, information is obtained on the rate at which phosphate ions penetrate 
into the muscle cells. Similar considerations have been applied in the study of permeability 
of blood corpuscles. 

We administered labelled sodium phosphate drop by drop to rabbits and examined 
blood samples taken at intervals. In the course of 3 hours about 4 of the labelled P 
atoms originally present in the plasma were found in the corpuscles, where they were 
mostly present as a constituent of acid-soluble organic phosphorus compounds. The first 
step was the fairly fast penetration of labelled phosphate ions into the corpuscles and the 
simultaneous migration of an equal number of non-labelled phosphate ions from the 
corpuscles into the plasma. The labelled phosphate, after its intrusion into the corpuscles, 
reached almost at once an exchange equilibrium with the adenosinetriphosphate present, 
labelled phosphate being used in the building up of the new adenosinetriphosphate molecules 
(see p. 1219) and non-labelled phosphate being released by the breaking upofoldones. As 
seen in Table XII, labelled hexosephosphate, glycerophosphate, and other acid-soluble 
compounds were also formed at an appreciable rate. 

The study of the interaction between plasma P and corpuscles, which can be carried 
out in vitro as well, suffices to show to what extent an individual P atom is buffeted about 
in the circulation. Of 1000 individual P atoms present at any moment in the plasma of a 
rabbit as inorganic P, all but about 20 remained * in the plasma after 3 hours (compare 
p. 1220), the rest having invaded the tissues, which, in turn, gave off an equal number 
of P atoms to the plasma. The individual inorganic P atom thus spends on the average 
only a short time in the plasma and therefore most of the inorganic P atoms diffusing from 
the plasma into the corpuscles were, shortly before, located in the tissues. As stated 
above, they will soon be incorporated into organic molecules, but within a few hours these 
will break up and a large percentage of the P atoms will find their way back into the 
plasma and the tissues. 


* A large percentage of these remaining 20 atoms also left the plasma in the course of 3 hours, but 
returned again. 





[1939] Hevesy: Application of Isotopes in Biology. 1223 


Non-acid-soluble P Compounds. 


In contrast to the fast turnover of the acid-soluble P compounds present in the 
corpuscles, the phosphatide and nucleo-protein molecules present in the corpuscles show 
only a minute or no turnover. No labelled phosphatides are formed in the blood; they 
are formed in the liver and other organs (see p. 1220) and carried into the circulation. How- 
ever, an exchange of the phosphatide molecules between plasma and corpuscles takes place 
to a restricted extent. By shaking plasma containing labelled phosphatides with 
corpuscles we find, as recorded in Table XIII (Hahn and Hevesy, Nature, 1939, 141, 72), 
the corpuscles taking up labelled phosphatides and vice versa. Even after several days, 


TABLE XIII. 


Extent of equipartition of labelled phosphatide between the phosphatide of the corpuscles and the 
plasma in experiments in vitro. (Plasma containing labelled phosphatide shaken with 
corpuscles of another rabbit.) 

Time, hours. Extent of equipartition, %. 

0-5 1-8 

1-5 3-6 

3 4 

4-5 5-0 
however, the exchange is restricted to a minor part of the total phosphatides present in the 
corpuscles. The phosphatide molecules present in the outermost layers of the walls of the 
corpuscles are presumably those which can be replaced by phosphatide molecules present in 
the surrounding plasma, whereas molecules situated in deeper layers are presumably 
prevented from taking part in such an exchange process. The plasma containing labelled 
phosphatides was produced by administering labelled sodium phosphate to a rabbit. 
After a day the plasma contained an appreciable amount of labelled phosphatide. The 
plasma, recovered by centrifuging the blood of the rabbit, was shaken with the corpuscles 
or with the total blood of another rabbit; after few hours corpuscles and plasma were 
separated and analysed. An alternative procedure was to compare the specific activities 
of the plasma phosphatide and corpuscle phosphatide after different intervals in 
experiments in vivo. 

At the present time we are engaged in a study of the permeability of corpuscles to 

sodium- and potassium-ions on similar lines to those mentioned above, using *4Na and 
32K as indicators. 


Application of Isotopic Indicators in Botanical Research. 


A few examples of the application of isotopic indicators in the study of processes going 
on in the animal body have been given above. Time does not permit me to discuss in 
detail the application of such indicators in botanical research, and I will therefore restrict 
myself to the following problem (Hevesy, Linderstrém-Lang, and Olsen, Nature, 1937, 
139, 149): Do the atoms or molecuies incorporated into the leaves, the stem, etc., of a 
plant migrate, for example, from one leaf to another, or are they fixed in their places? 
This question can be answered by growing maize or a sunflower in a culture solution until 
some leaves are formed and then shifting it to a second culture solution in which ordinary 
phosphorus has been replaced by labelled phosphorus. While the plant is in the second 
solution, new leaves are formed. The P content of both the old and the new leaves and 
also their activities are then determined. If no migration took place between the P atoms 
of the old and the new leaves, the P extracted from the old leaves should remain inactive. 
Actually, after 9 days it was found to be nearly as active (ratio of the specific activities = 
0-99) as that extracted from the new leaves. 

When carrying out similar experiments with nitrogen, using heavy nitrogen (nitrogen 
containing 2-5% of 1®N) kindly presented to us by Professor Urey, we found a migration 
of the nitrogen atoms as well; after a fortnight, however, more than one half of the nitrogen 
atoms originally present in the old leaves of maize was found to be still located there.* 

* The analysis of the nitrogen was kindly carried out by Professor Schoenheimer by use of the mass- 
spectrograph. 
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OBITUARY NOTICES. 


SIR WILLIAM WATERS BUTLER, Bart. 
1866—1939. 


Str WILLIAM WATERS BUTLER, Bart., who died suddenly on April 5th of this year, had been 
a Fellow of this Society since 1890. Well known as Chairman and Managing Director of 
Messrs. Mitchells and Butlers, Ltd., one of the largest provincial brewing concerns, he was 
a man of wide knowledge and vast experience in all departments of the industry with 
which he was connected. 

The foundation on which his career was based was an early training in chemistry and 
such allied subjects as would subsequently enable him to replace empirical methods by 
scientific control in his father’s brewery. His interest in this aspect was maintained 
throughout his life, and one of the honours most recently bestowed upon him—the Horace 
Brown Medal of the Institute of Brewing—was awarded in 1937 in recognition of his many 
services, direct and indirect, in the development of the technical side of the industry. 
Further associations with the realm of pure and applied science include a long membership 
of the Society of Chemical Industry, the Royal Metallurgical Society and the American 
Chemical Society. 

Butler was born in 1866 and educated at King Edward’s Grammar School, Birmingham. 
He entered the family business in 1882. For the next eight years he practised the art of 
brewing by day, and by night studied the scientific principles involved in the process. 
As a young man he was a highly successful student of the Birmingham and Midland Institute 
and gained numerous academic distinctions. The activities of the Laboratory Club at 
Burton in the “eighties” and of its leader, Cornelius O’Sullivan, quickly captured his 
imagination and stimulated his conviction that brewing in the future would be a science 
as well as an art. Largely as the result of his energy and application, the business of 
Butler’s Crown Brewery, Ltd., grew by leaps and bounds, and in 1897 it was amalgamated 
with that of Henry Mitchell and Co., Ltd. In 1907 he became Deputy-Chairman of Messrs. 
Mitchells and Butlers, Ltd., and in 1914 Chairman of the Company, which position he held 
at the time of his death. 

Meanwhile the Laboratory Club had become defunct, but the Institute of Brewing had 
taken its place and in the recorded proceedings of the Midland Section of that Society the 
name of W. W. Butler occurs with considerable frequency. He occupied the Chair in the 
period 1899—1903. After the federation of the various country brewing societies into one 
body on a national basis, it was natural that he should be a prominent member of the new 
organisation. One year after its formation, in 1905, he became President of the Institute of 
Brewing at the early age of 39. On many of the Committees of the Institute he served 
continuously for many years, devoting much time to the development of trade research. 
In 1907—08 he was Chairman of the Brewers’ Society. From that date he took a leading 
part in all matters of national importance in which the brewing industry was concerned. 
Soon after the outbreak of the Great War, the Government of the day sought his assistance 
and he was appointed a member of the State Management Control Board. He was respon- 
sible in no small degree for the policy of that body as exemplified by its operations in the 
Carlisle area. In every way he strove to improve conditions in the licensed trade. He 
regarded it as a duty of brewers to offer to customers a sound beverage and at the same time 
provide opportunities for its consumption in surroundings that were themselves refreshing 
and edifying. 

Outside his business associations, he will perhaps be best remembered by his services to 
education. He never forgot the debt he owed to the Birmingham and Midland Institute, 
nor underestimated the value of the training he received there. His gratitude was shown in 
munificent manner. In 1938, when the Institute was labouring under the burden of a large 
accumulated deficit, he sent a cheque for the whole amount. Quite early in his career, 
his enthusiasm, backed by a substantial contribution from his own purse, helped to establish 
a School of Malting and Brewing at Birmingham University in the opening year of this 
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century. In 1907 he became a member of the Council of the University, of which he was 
also a Life Governor. Later he was largely instrumental in the creation of the Adrian 
Brown Chair of Brewing to perpetuate the memory of the first Professor in that subject. 
When a new Biological Department was added in 1927, Sir William was mainly responsible 
for the cost of its erection. More recently, in 1937, he gave to the School of Brewing a 
Model Brewery to be used for experimental work. Yet again, he assisted, financially and 
otherwise, in the establishment of Scholarships for brewing students. 

His beneficence in fostering education was not limited by his industrial interests.. In 
1936 he endowed the Joseph Chamberlain Memorial Scholarships, tenable at the same 
University and open to residents in Smethwick and Birmingham. In this way he marked 
his admiration of Birmingham’s great citizen at the time of the centenary celebrations. 

Many Midland hospitals, including the new Hospital Centre in Birmingham, benefited 
by his generosity from time to time. His many services, political, social and philan- 
thropic, received well-deserved recognition in 1926, when he was honoured with a 
baronetcy. 

As one on whom leadership devolved, Sir William Butler was always mindful of his 
responsibilities and extremely conscientious in carrying out any undertaking. As a man, 
he gained the esteem and friendship of everyone with whom he came into contact. He 
admired candour and at all times endeavoured to be scrupulously fair. He never failed 
to appreciate the efforts of his employees and encouraged them to present their various 
points of view on any matter under discussion. Endowed with a mind of amazing reten- 
tivity and rare capacity, he appeared to find no difficulty in working consistently long 
hours. New and complicated problems seemed to afford him delight. His methods of 
tackling them were rarely tentative and usually achieved the desired results in a direct 
fashion. ‘ 

Sport, particularly cricket and football, interested him, but his hobby was the culture 
of orchids. In the glasshouses at his home in Edgbaston there flourished one of the finest 
collections in the country. His many friends will long remember his charming habit of 
bringing a box of choice blossoms to functions, both public and private, for the adornment 
of fellow guests. 

The closing years of his life were saddened by the loss of his only son in 1935. He 
continued, however, to work as he always had done, greatly to the advantage of common 
humanity, to the day of his death. He is survived by Lady Butler and two daughters, 

A. E. CASE, 





WILLIAM ALFRED DAVIS, 
1875—1939. 


W. A. Davis, born on December 5th, 1875, was at school at St. Dunstan’s College, Catford. 
He was one of the earliest of a series of brilliant boys whose energies were directed to 
Science by Charles M. Stuart, perhaps the most successful science headmaster of his time. 
For a period of years a St. Dunstan’s boy regularly gained an entrance scholarship at the 
Central Technical College. Davis entered the Electrical Engineering Department, but 
after a year he transferred to the Chemical Department; he was both Institute and John 
Samuel scholar and took his B.Sc. at London University. 

In 1896 Messrs. Courtaulds, then makers of crape, had some problems to solve and 
required a young chemist. Davis went to them and solved some of these connected with 
irregularity in the material, but had leanings for the academic life and returned after a year 
to the Central College, to remain there for the next ten years. He was at first Demonstrator 
to Professor Armstrong’s famous heuristic course for first-year Engineering students. 

Davis was always a Londoner with a pronounced accent : his long red beard made him 
the complete alchemist and he was regarded as a “‘ character ’’ by the students, who did 
not always realise his goodness of heart. Later he became lecturer. During these years he 
published work on the half hydrate of calcium sulphate, of which he was personally rather 
proud. 
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In 1908 he became chemist and Works Manager to J. B. Lawes and Co., Manufacturers 
of Chemical Manures. He was never happy, however, in Industry and welcomed the 
opportunity to go to Rothamsted in 1911, where he remained for the next five years. 
Scientifically this was his most active period, his work on the formation of sugars in the leaf, 
which he published in conjunction with Daish and Sawyer, being of considerable importance, 
though the conclusions have subsequently been the subject of controversy. Davis at this 
stage cultivated the meticulous accuracy which characterised his work in later years. 

In 1916 came the move to India, largely at the instigation of Professor Armstrong. 
Natural indigo was fighting a losing battle against the synthetic product, but it was hoped 
that a thorough scientific examination of every stage of its manufacture on the spot would 
lead to a more regular and improved product at a competitive cost. The problem proved a 
hopeless one economically, as the cost of manufacture of the synthetic product rapidly 
fell; technically Davis accomplished a great deal, though on the personal side he was not 
well suited to deal with the Anglo-Indian planter, whose failure and unwillingness to accept 
the advantage of scientific procedure were largely responsible for the defeat of the indigo 
industry. 

Davis returned to England in 1922 and worked for a year on the problem of discon- 
tinuity in chemical reactions, particularly the hydration process, at the Linen Research 
Institute, Belfast, then under the leadership of Dr. J. V. Eyre. Both Eyre and Davis 
returned to this problem of discontinuity in connection with enzyme hydrolysis at a later 
date in a paper which has never had the attention it deserved. 

Subsequently he spent three years with Lever Brothers at Port Sunlight as chief analyst. 
In 1927 he returned to London, becoming chief analyst at the now well-known research 
station at Great Burgh, Epsom, of the Distillers Company Limited, brought into being by 
Dr. J. V. Eyre, where he remained until his death on March 14th, 1939, at the age of 63. 

During this period he made an exhaustive compilation of the voluminous and contra- 
dictory literature relating to starch, which is probably the largest for any substance. 

Davis never really recovered his vigour after India and had more than his share of 


personal worries. His temperament did not fit him for the rough and tumble of life; his 
wide reading and keen interest in music seemed to suffice; he belonged in spirit to the large 
army of followers on whom the leaders depend for support. As a man he had a lovable 
personality, any request for assistance brought a reply by return, and he had the affection 
and friendship of his associates. He edited the Fourth Edition of Allen’s ‘“‘ Commercial 
Organic Analysis.”’ 


E. F. ARMSTRONG. 





DAVID LLOYD HOWARD. 
1866—1939. 


Davip Lioyp Howarp, who was the eldest son of the late David Howard, J.P., D.L., 
was born at Stamford Hill on January 28th, 1866. He received his general education at 
Haileybury and then proceeded to University College, London, where he was a student 
under Professors Williamson and Graham from 1883 to 1886. On leaving College, he 
joined the firm of Messrs. Howards & Sons, being made a Partner in January, 1888, and 
Managing Director in 1903, when the business was converted into a Limited Company. 
He was Vice-Chairman from 1916, completing 51 years service in all with this firm. 

David Lloyd Howard’s interests were wide and varied. He was a Director of Borax 
Consolidated, Ltd., a member of many Societies, holding the offices of Treasurer and 
Vice-President of the Society of Chemical Industry; served on the Council of the Society 
of Public Analysts and on the Council of the Association of British Chemical Manufac- 
turers, and as a Member of the Grand Council of the Federation of British Industries. 
He was an Honorary Member of the Pharmaceutical Society, and Chairman of the Pharma- 
ceutical Conferences held at Leicester and Brighton in 1926 and 1927. He was also 
Chairman of the Drug and Fine Chemical Manufacturers Association and acted as Chairman 
of the Conference between the Association and the Trade Union representatives. 
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David Lloyd Howard was a keen sportsman, playing Rugby football in his youth, 
and later became a keen fly fisherman. An ardent Churchman, he was for many years a 
member of the Council for the London over-the-border Church Fund. The possessor of a 
very fine voice, he was for a long time in the St. Paul’s Special Service Choir and for many 
years acted as Choirmaster at Chingford Church. He was a Justice of the Peace for the 
County of Essex from 1902 until the time of his death, which took place on February 8th, 
1939. 


He was elected a Fellow of the Chemical Society on April 21st, 1887. 
H. Li. H. 





HENRY F. E. HULTON. 
1874—1939. 


Henry F. E. Hutton died on April 16th at a London nursing-home following an operation. 

He was born on August 13th, 1874, at Brompton, the eldest son of Everard Hulton, 
a well-known musician and artist of his day. The home environment manifested itself 
in the son, who was a man of refined artistic and musical feeling. 

He was educated at the City of London School and at Finsbury Technical College 
from 1893—1896. After working for a time with the late Prof. A. R. Ling and the writer 
at the Beet Root Sugar Association, he became an assistant to the late Drs. E. R. Moritz 
and G. H. Morris, Later he assisted Dr. Morris in research work at Chancery Lane and the 
Lister Institute. During that time he was in close association with Horace Brown and 
J. H. Millar, and naturally took the opportunity of following the work which resulted in 
the classical publications on the products of the enzymic hydrolysis of starch made by those 
chemists from 1897—1899. 

In 1901 Hulton became chemist to the malting firm of H. A. & D. Taylor of Sawbridge- 
worth, and four years later the writer had the good fortune to secure him as a colleague in 
the laboratory of Watney Combe Reid & Co., at the Stag Brewery, and 34 years of happy 
and congenial co-operation followed. During that time papers were published jointly 
in the Journal of the Chemical Society on the action of malt amylase on starch granules 
and starch paste, the nature of the amylases of the cereal grains and the furfuroid hydrolys- 
ing enzyme in barley. Various communications were also made in other English technical 
journals on matters associated with the fermentation industries. 

His report on “ the Relation of the Nitrogenous Matter in Barley to Brewing Value ”’ 
made at the request of the Research Fund Committee of the Institute of Brewing was a 
most useful and critical compilation and his Streatfeild Memorial Lecture on “‘ Beer” 
delivered at the Institute of Chemistry in 1934 was very informative. 

He was elected a Fellow of the Society on May 2nd, 1918. 

Hulton was an enthusiast at research work. His energy was untiring, and at the same 
time he was highly critical of the results obtained in the course of an investigation. He 
wrote in a clear and concise style, and in appropriate circumstances with a considerable 
degree of elegance. 

A keen appreciation of Nature was an outstanding feature in Hulton’s character, and 
his knowledge of field botany and geology made him a delightful companion in a country 
walk. He talked well and sympathetically, and considering his environment and the 
exacting character of his professional work he was an unusually well- and widely-read 
man. 

The writer mourns a true friend and loyal colleague, and the sundering of so long an 
association is very distressing. Throughout the long years no shadow was ever cast over 
an enduring friendship. 

Hulton leaves a widow and many friends to mourn his loss. 

JULIAN L. BAKER. 
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LEON ANTONIN JALOUSTRE. 
1882—1938, 


Lton ANTONIN JALOUSTRE, who died at Florence on April 27th, 1938, was born at Cler- 
mont-Ferrand in 1882 of a working-class family, That he was possessed of exceptional 
intellectual powers was apparent from the time when he became a pupil at the primary 
school of the Halle au Blé. Subsequently he was for three years at the Ecole Normale 
d’Instituteurs of Clermont, whence in 1905 he won a scholarship to the Ecole Normale 
Supérieure d’Enseignement primaire of St. Cloud; after three years he was again successful 
in the entrance scholarship for the Ecole Normale de la rue d’Ulm, Paris, on leaving which 
he became a student at the Pasteur Institute in the laboratory of Gabriel Bertrand. His 
interests consequently turned towards biological chemistry, and he took his University 
degree in Physics and Chemistry. He held teaching appointments at the Lycées at Nice, 
Digne and Toulouse in succession, and then the war broke out. He was appointed to 
the manufacturing and armaments section of the French Air Force, and later became one 
of the most active members of the Government Department of Liquid Fuel for the supply 
of petrol to the fighting forces. For his services he was awarded the Croix de Guerre and 
became a Chevalier of the Légion d’Honneur. 

He returned to his University and was put in charge of lectures at the Sorbonne and at 
the Institute of Chemistry of the Faculty of Science. He lectured on the rare metals and 
on radio-active phenomena and their therapeutic applications and he communicated the 
results of his researches in numerous papers to the Académie des Sciences and to various 
learned societies. In 1933 he was made an Officer of the Légion d’Honneur. But the 
greater part of his time was devoted to the study and improvement of industrial processes. 
He travelled widely, visiting factories in various countries, and his advice was in great 
demand. His wide knowledge, his scientific mind and his professional conscientiousness 
won for him the confidence of industrialists. He died of broncho-pneumonia while still 
actively engaged in work. . 

Léon Jaloustre was elected a Fellow of the Chemical Society on December 3rd, 1931. 
He was also a member of numerous other scientific societies and received various foreign 
decorations. EDWARD GARDNER. 





ALBERT THEODORE KING.* 
1885—1939. 


ALBERT THEODORE KING, who died on March 2lst, 1939, was born at Woking in 1885. 
He was educated at the Royal Grammar School, Guildford, and University College, London, 
graduating B.Sc. Hons., Chemistry, in 1906, when he was appointed an honorary demon- 
strator. He became an Associate of the Institute of Chemistry in 1906 and a Fellow 
in 1910. 

In 1907, King was appointed demonstrator in Chemistry in the University of Leeds, 
being attached to the inorganic laboratory, and worked on the preparation of silicon 
hydride in a pure state. During his period in Leeds he took an active part in junior staff 
activities, and his versatility is still remembered by his contemporaries. 

King became demonstrator at the Royal College of Science in 1911, and he remained 
there until 1921, having been appointed lecturer in 1920. During this period he supervised 
the practical work of the first year students, and later gave the lectures in inorganic chemistry 
to third year honours students. Although attached to the inorganic side in his academic 
career, King’s research work throughout this period was concerned with organic chemistry, 
much of it being of a technical character, and not the subject of publication in scientific 
journals. Among published work may be mentioned the investigation of the structure 
of camphenic acid (with Haworth) and the working out of a general method for the pre- 
paration of acetals (with Mason). Work of a more technical character included a successful 


* Reprinted by permission from the Journal of the Textile Institute. 
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commercial synthesis of vanillin, and the economic production of a number of organic 
compounds by hydrogenation. 

During the Great War, King was actively concerned with the production of synthetic 
drugs, especially local anzsthetics, which had not previously been manufactured com- 
mercially in this country, the successful production of vinyl diacetoneamine oxalate 
(King, Mason, and Schryver) being an important intermediate in the preparation of 
6-eucaine. 

In 1921, King was appointed Chief Chemist to the newly formed Wool Industries 
Research Association, and here found opportunities to investigate both the fundamental 
and the technical chemistry of wool. His ability to put forward explanations which were 
readily understood and to demonstrate the chemical factors involved in the processing of 
wool was of great value to an industry which, owing to its age and method of development, 
did not readily respond to the application of scientific method and control. In this respect 
his work may be looked upon as that of a pioneer. 

One of the most interesting of such demonstrations was the use of wool dyed with 
indicators whereby the changes and lack of uniformity which occurred in processing could 
be readily seen and appreciated by those responsible for such operations. 

King’s work on the treatment of suint liquors from wool scouring incorporated in a 
paper read to the Institute of Chemical Engineers was recognised in 1930 by the award 
of the Moulton Gold Medal. Other outstanding features of this period were an examination 
of the sulphur content and its state of combination in wool, the development of a new 
method for the bleaching of wool with solutions of sodium bisulphite under controlled 
pu conditions, and the initiation of a process for rendering wool unshrinkable based upon 
the recognition of the principle that uniform penetration of a mass of wool may be 
achieved by chlorine gas at low pressure. 

Many difficulties for which no rational explanation had hitherto been available were 
made clear, perhaps the most interesting being the fading of certain dyed materials when 
wrapped in papers or exposed to town air. King, by preparing the bisulphite compounds 
of azo-dyes, both in substance and when dyed on wool, showed that these were lighter in 
colour than the original dye, and in further work determined the conditions which favoured 
their production. In addition to matters relating more directly to chemical problems in 
the wool industry, King collaborated with biologists and physicists in investigating the 
histology of the wool fibre. 

In June, 1933, King was appointed Professor of Textile Industries in the University 
of Leeds. In the short period during which he occupied the chair, he had become recognised 
as a Professor who displayed great interest in student activities and one who took pains to 
become acquainted with the individual needs of his many students. 

During this period his attention was directed towards the development of a new type 
of milling machine (with Speakman), the principle of which was based upon the more recent 
interpretation of milling shrinkage considered in the light of the molecular structure of the 
wool fibre. 

At the time of King’s death, work in conjunction with the Indian Jute Mills Research 
Association was being carried out on the structure and properties of jute. Methods for the 
utilisation of flax in admixture with wool had led to interesting results. 

King was a member of the Textile Institute (serving on its Diplomas Committee), 
the Society of Chemical Industry, the Biochemical Society, and a Fellow of the Chemical 
Society, and served on numerous committees connected with the textile industry. 

In his younger days, King was an all-round athlete and played an excellent game of 
tennis and cricket. He found time amidst his various activities to enjoy the society of his 
fellows, and in both work and play displayed a cheerful, genial disposition. His death, 
at a comparatively early age, is mourned by a wide circle of friends, and their sympathy 
will be extended to his widow, daughter, and son. J. BARRITrT. 
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THOMAS EDWARD LESCHER. 
1877—1938. 


THoMAS EDWARD LESCHER was born in 1877. He was educated at Stonyhurst, and 
subsequently passed the Minor examination of the Pharmaceutical Society. In 1895 
he joined the firm of Evans Sons Lescher & Webb and later became a director of the 
company. Having been appointed managing director, in 1922, he migrated to Liverpool, 
the headquarters of the company, where he remained until his death. 

The son of Frank Harwood Lescher and grandson of Joseph Sidney Lescher, Edward 
Lescher was a member of a family well known in pharmaceutical history. It was his 
grandfather who, with John Evans, established the firm of Evans & Lescher in London 
in 1828, and his father, later, was a partner in the firm. 

During the war Edward Lescher was honorary secretary of the Drug Club, and in that 
capacity was closely associated with the supply and allocation of drugs, under the National 
Health Insurance Commission which was delegated by the Cabinet to be the body respon- 
sible for maintaining supplies of drugs for the civil population. Lescher worked assiduously 
in this capacity, and for his services was awarded the O.B.E. He was elected President 
of the Drug Club in 1920 and held the office for three years. He served as an honorary 
auditor of the Pharmaceutical Society, being elected to succeed his father in that office. 
He was chairman of the British Pharmaceutical Conference in 1937. 

Lescher’s business interests were numerous and varied, and he was well known and 
popular in pharmaceutical circles. In Liverpool he took an active part in the affairs of 
the city. He became chairman of the Liverpool Chamber of Commerce, holding this 
position from 1935 to 1937. He was also an honorary vice-president of the Association 
of British Chambers of Commerce. From 1913 to 1919 he was chairman of the Westminster 
Catholic Federation. 

His chief recreation was skating. A gold medallist of the National Skating Association, 
he went every year to Switzerland to take part in championship meetings. It was while 


skating that he met with the accident which cost him his life. He died on April 23rd, 
1938. A Solemn Requiem Mass was celebrated at St. Nicholas Pro-Cathedral, and was 
attended by a large congregation. 
Lescher married in 1903 Ellen Mary, daughter of Mr. and Mrs. Casella, who survives 
him with three sons and seven daughters. 
He was elected a Fellow of the Chemical Society on February 21st, 1925. 
C. A. Hit. 





ALEXANDER MACGILLIVRAY NEILSON. 
1872—1939. 


A. M. NEILson was one of those ardent spirits who, after laying a good foundation both 
theoretical and practical at home, take the fruits of their knowledge to the outposts of 
empire. 

Neilson was born in Greenock, Scotland, and received his early education at the Academy 
there, afterwards attending science classes in one of the seats of learning that were later 
joined to form the Glasgow Technical College. After a practical training in chemistry 
with McCowan and Biggart, public analysts, Greenock, he obtained a post in the laboratory 
of Alexander Cross and Sons, Chemical Manufacturers, Glasgow. From there he went 
to Coimbatore, Madras Presidency, India, to take charge of the manufacturing side of a 
chemical works. In the early years of this century he secured an appointment in Durban, 
South Africa, where he entered upon what was to become his life’s work—managing 
director of the South African Fertilisers Co. In India he learned the Tamil language 
so that he could the better understand the men who worked under him, and in Africa 
he equipped himself in a similar way. Although his training was on the scientific side, he 
made himself also master of the commercial side, and all with whom he had business rela- 
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tions recognised in him a first-classman. If his Company—Safco, Limited, as it is called— 
has been successful, this is chiefly the result of his intelligent and unremitting attention 
to every detail in building up the business and maintaining it in the front rank among 
manufacturing concerns in the Dominion. Though he was fully furnished with the 
requisite technical qualifications, his chief assets were sound sense and sterling character. 

Busy as he always was Neilson found time for certain communal interests; for example, 
as President of the Chamber of Commerce—an honour carrying more responsibility than 
a similar office in this country—he travelled to all the principal cities, taking part in 
conferences, entertaining distinguished visitors, and promoting trading interests generally 
throughout the Dominion. At the inception of the Natal Technical College some thirty 
years ago he, for five years, lectured in Chemistry there, and he has taken an interest 
in the institution ever since. Among other activities in which he took part were : Rhodes 
Scholarship Selection Committee for Natal, Durban Harbour Advisory Board, Addington 
Hospital Board, Natal Provincial Education Enquiry, Income Tax Special Appeal Court. 

His chief recreation was bowling, and many a happy afternoon he spent with his friends 
in the pursuit of that pastime. As a churchman he was very active and rendered invaluable 
service during all the years of his residence in Durban, until overtaken two years ago by 
the illness which, despite the best medical attention in his adopted country and in Europe, 
gradually sapped his strength. 

He married the daughter of the late Mr. James Henderson, who represented the Berea 
Division in the Parliament at Capetown, and he is survived by his wife, a son and two 
daughters. British visitors to Natal have on numerous occasions enjoyed the hospitality 
of their beautiful home. 

Neilson was elected a Fellow of the Society on June 16th, 1898. M. NEILSON. 





GEORGE ARTHUR PINGSTONE. 
1868—1939. 


GEORGE ARTHUR PINGSTONE, who was born in Manchester in 1868, received his general 
education at the Manchester Grammar School, and proceeded from there to the Victoria 
University. After leaving the University, he trained as an analytical chemist and assayer 
with the City Analyst of Manchester, and thereafter spent four years with the Rio Tinto 
Company in Spain. In 1895 he went to Rhodesia and was for three years with the Gold- 
fields of Matabeleland, Ltd.; he then set up in business for himself in Bulawayo, and 
remained there until his retirement in 1936. He acted as geologist to the Bulawayo 
Museum for many years, and until 1927 was responsible for all the Government’s toxi- 
cological and forensic work. 

Pingstone served during the Matabele Rebellion. In 1900 he visited England, where he 
was married. He returned shortly afterwards to Bulawayo, and during the Great War 
was attached to the Southern Rhodesia Volunteers, acting as machine-gun instructor. 
Apart from his professional work, Pingstone took an active part in public affairs. He 
was elected a Town Councillor for Bulawayo in 1932 and again in 1936, resigning his seat 
two years later. He was an enthusiastic photographer and contributed several papers to 
various photographic journals. He was a foundation member of the Bulawayo Club 
and also of the Bulawayo Musical and Dramatic Society, where his services_as an artist 
of considerable repute were always in great demand. 

Pingstone was elected a Fellow of the Chemical Society on February 2Ist, 1889. His 
death, which took place in Bulawayo on January 9th, 1939, was mourned by a son and 
daughter who survive him, and also by many friends to whom he had endeared himself 
by his genial personality and kindliness. 
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ELOI RICARD. 


E or RIcARD was educated at the Ecole d’Ingénieurs des Arts et Métiers, Chalons, 1885— 
1889. After serving as a volunteer in the 12th Artillery at Vincennes and a period of 
apprenticeship in the research laboratories of Le Chemin de Fer de l'Est at Epernay, he 
joined the staff of Messrs. Charbonneaux et Lelarge in 1891, where he was in charge of the 
distillery at Celles S/Belle and assisted in the technical direction of the main works at Melle, 
of which he became Works Manager in 1900. 

In 1908, after the works were destroyed by fire, he reconstructed them to operate the 
“Amylo”’ process and was appointed a Director of the Company. It became evident 
that Ricard was not only a man of practical business ability but also a dogged investigator, 
setting himself at that time the problem of studying and isolating the many substances 
found as by-products in alcohol rectification. In 1912 he put up a plant for the discon- 
tinuous production of esters and for the production of absolute alcohol by the lime process. 
From 1914 to 1916, when the demand for alcohol for munitions became pressing, he extended 
the production of the different works to a maximum and later, when the demand for alcohol 
slackened, he adapted the existing plant to the Fernbach process for the production of 
acetone, so badly required by the allied armies. The only other similar fermentation 
acetone plant was in the United States, where the Weizmann process had been developed. 

It is difficult to appreciate to-day at its real value Ricard’s daring in 1917, in the midst 
of the Great War, when it was almost impossible to get financial support for new investiga- 
tional work. In that year he founded the well-known laboratories of Melle and installed 
the first plant for the manufacture of esters by the azeotropic method. His action at this 
time brings out a great contrast in Ricard’s personality; for although as a general rule 
fastidious over minute details, when it came to technical possibilities he was undoubtedly 
far-sighted. Certainly his dogged and at times dour determination found reward in many 
directions. During the following ten years the efforts of Ricard and his well-chosen staff 
of research collaborators led to the successful industrialisation of the pioneer work of 
Professor Arthur Young. The industrial application of azeotropic distillation was demon- 
strated at Melle and adopted in almost all countries throughout the civilised world. 

In all this development Ricard was the moving spirit. The soundness of his judgment, 
his optimism, his remarkable gift of persuasion, created for his collaborators the stimulating 
atmosphere so necessary for research. He himself never took any rest, his sole preoccupa- 
tion being the future of the developments into which he had put the best of his efforts. 

He died in harness at Melle, January 29th, 1939, and his loss will be felt by his col- 
laborators, his staff and the people of Melle, who had learnt to know his kindly character, 
hidden beneath a somewhat reserved exterior. Ricard will be best remembered by his 
English associates as the man who above all others saw and successfully exploited the great 
practical value of Young’s work on azeotropism and put his entire energy into the technical 
realisation of the earlier laboratory work. 

To-day a lasting monument to his single-mindedness remains in the widespread use of 
absolute alcohol as a motor fuel. From being a laboratory curiosity, it has now become 
one of the cheapest forms of alcohol and in 1937 its production reached about three quarters 
of a million tons per annum. The azeotropic process was also applied by him and his 
collaborators to processes such as the production of glacial acetic acid from dilute solutions, 


and the bulk of the solvent esters on the market to-day are prepared by an azeotropic 
process. : HERBERT LANGWELL. 





LATIMER ALEXANDER RUMBLE. 
1873—1938. 


L. A. RUMBLE, whose death took place on May 25th, 1938, at the Greenlands Nursing Home, 
Reading, was born at Plumstead on April 29th, 1873. 

He received his general education at the Woolwich and Plumstead High School. On 
leaving school, he spent fourteen years as draughtsman with Messrs. C. and W. Walker, 
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Ltd., Gas Engineers, at Donington, Salop, and later joined the staff of the Reading Gas 
Company as draughtsman and chemist in 1905. In 1913 he rejoined the staff of Messrs. 
C. and W. Walker, Ltd., returning the following year to his former position on the staff 
of the Reading Gas Company, to which he was appointed Assistant Engineer and Manager 
in August, 1916. He remained here until the time of his death. He played a prominent 
part in post-war developments and extensions of the plant at the Reading Gas Works. 

Rumble was a prominent chess player, being for many years a member of the Berkshire 
County team; he was also a keen golfer. 

He was elected a Fellow of the Chemical Society on May 6th, 1920. 

W. BELL. 





ALEXANDER SCOTT RUSSELL. 
1894—1939. 


By the tragic death of A. S. Russell on Saturday, April 8th, 1939, the result of a mountain- 
eering accident on Ben Nevis, the Chemical Society has lost one of its most active and 
promising Fellows whose experience in industrial and scientific research has been very 
varied. 

Born at Selkirk in 1894, Alexander Scott Russell was the elder son of Mr. James Russell, 
F.R.S.E., who was awarded in 1913 the Keith Prize of the Royal Society of Edinburgh for 
his researches in magnetism, and nephew of Dr. Alexander Scott, F.R.S., a former President 
of this Society. 

Originally intending to pursue a medical career, Russell began his studies at the Univer- 
sity of Edinburgh. These were, however, abruptly stopped, as on the outbreak of war in 
August, 1914, he at once volunteered for active service. After a period of training he saw 
service in Egypt and France, where he was twice wounded, the second time severely. 
After some weeks in hospital he returned to France, and later served in Italy in the 
Garrison Artillery, being mentioned in despatches, 

After demobilisation he studied for a short time at the Royal College of Science under 
Professor J. C. Philip, F.R.S., and then proceeded to Cambridge, entering Peterhouse in 
1919. He took his B.A. degree in the Natural Sciences Tripos in 1921 and his M.A. in 1926. 
He was regarded by his teachers as exceptionally brilliant both in theoretical and in practical 
work in chemistry. 

His inventiveness and manipulative skill led him towards a career in research work on 
industrial processes rather than on academic lines. He therefore at once accepted the post 
of research chemist to the United Glass Bottle Manufacturers’ works at Charlton, carrying 
out researches on the application of hydrofluoric acid to produce brilliant surfaces on glass- 
ware and on the changes necessary to the furnaces when owing to coal strikes it was decided 
to heat the furnaces by means of oil instead of coal. 

On the establishment of the Stone Preservation Committee of the Department of 
Scientific and Industrial Research Russell was invited to take charge of the chemical and 
physical investigations, working directly and in close association with the members of the 
Committee. His duties were naturally of a very varied nature, involving the inspection of 
stonework in various stages of decay, the collecting of samples from different quarries, and 
the preparation of the specimens for microscopic and other examination. This work was 
latterly carried on at the University of Sheffield and among the many improvements 
invented by him were the methods of impregnating porous materials with ‘‘ Bakelite ’’ by 
which it became possible to obtain very thin transparent sections in which the various 
constituents could be examined without distortion. 

His work at Sheffield was recognised by the University conferring on him in 1928 the 
degree of Doctor of Philosophy (Ph.D.), for which he submitted a Thesis entitled ‘‘ The 
Weathering of Building Stones,’’ giving an account of his investigations on the decay and 
the preservation of limestones in particular. 

When the Stone Preservation Committee was dissolved, Russell was appointed in 1929 
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research chemist to the Imperial Tobacco Company in Bristol, with whom he remained 
until the end. 

On the formation of the Air Defence Cadet Corps at Bristol he was appointed Command- 
ing Officer with the rank of Squadron Leader. Russell was not only an expert aviator but 


excelled in all forms of manly sports. 
ALEXANDER SCOTT. 





ARTHUR SMITHELLS. 
1860—1939. 


THE death of Arthur Smithells on February 8th of this year, at the age of seventy-eight, 
removed from the community of chemists one who combined in rare degree distinction 
in person, manner, and achievement, and who was a faithful and enthusiastic servant of the 
causes which claimed his adherence. These were the establishing and stabilisation of the 
University of Leeds, in which most of his working life was spent, the advancement of 
chemistry by teaching and research, and particularly the penetration of the barrier which 
existed so long between formal science in the university and empiricism outside—both of 
them too self-satisfied and in need of vivifying contact. 

Smithells was born in Lancashire, at Bury, in 1860, but went early to Scotland, where 
his father was a railway manager, and began his training in science at the University of 
Glasgow under Lord Kelvin (then Sir William Thomson) and Professor Ferguson, but Sir 
Henry Roscoe and Owens College at Manchester were the effective influences in making 
him a chemist and introducing him to research. He worked on the fluorine compounds 
of uranium and was awarded the Dalton Scholarship. Then followed a short but eminently 
useful period abroad with von Baeyer at Munich and Bunsen at Heidelberg, where he 
breathed with appreciation the invigorating mental atmosphere and enjoyed the varied 
cultural influences and free existence which these German university towns provided in 
the old days—memories which remained with him throughout life. 

He returned to an assistant lectureship at Owens, but was soon called upon, at the early 
age of twenty-five, to face greater responsibilities by his appointment to the Chair of 
chemistry at the Yorkshire College, Leeds. That determined in a great measure his life’s 
work. The Yorkshire College at Leeds, like sister colleges at Manchester and Liverpool, 
was blazing the trail of higher education in the industrial North. In chemistry the oppor- 
tunity was great and was heightened by the comparative indifference with which the subject 
was treated in the older universities at that time. The young professor of chemistry soon 
made his influence felt with both lay and academic elements at Leeds and he was well 
to the fore in the effort which resulted in the establishment of the University of Leeds, 
by way of the federal Victoria University. The double object was attained of broadening 
the cultural basis of the Yorkshire College to that of a University, adopting the best of 
university traditions, while maintaining and developing its special character as a school 
of applied chemistry which had already won an international reputation. Smithells soon 
secured the collaboration of his friend, Julius Cohen, and later of his pupil, Dawson, for 
organic and physical chemistry respectively. It was his conviction that branches of applied 
chemistry could rightly become degree subjects in the University if they were properly 
treated by the right men, and, by working hard to secure the appointment of such heads 
of the technological departments as Proctor, Green, Perkin and Bone, he took the first 
necessary step to thie demonstration of that now established thesis. His own lecturing 
was admirably adapted to stimulate interest not only in those who were training for 
“pure ’’ chemistry but in the students of other sciences—applied chemistry, agriculture, 
and medicine. Such things could only be done by one whose judgment was highly valued 
by his university colleagues and outside supporters and required the unstinted expenditure 
of time and energy, which he gave as a trusted member of Council and Senate, as pro-vice- 
chancellor and in other ways. 

What Smithells might have done as an investigator, if he had felt himself free to follow 
that path, cannot be known. He was a gifted experimenter and what he did in the time 
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at his disposal was interesting and original. His subject was flame and the Smithells 
“‘ flame separator,’ the use of which facilitated particularly the study of the inter-conal 
gases, was his experimental starting-point. The notion of the ‘‘ preferential combustion ”’ 
of hydrogen or carbon in the burning of hydrocarbons was then still to the fore, and the 
demonstration by himself and Ingle of the presence of hydrogen in the inter-conal gases 
decided one important point in that controversy, leaving the way clear for other views 
(Trans. Chem. Soc., 1892). 

This work developed in the direction of a study of the difficult question of the luminosity 
of gases (Phil. Mag., 1894), where such subjects as ‘“‘ The Luminosity of Flames free from 
Solid Particles ’’ and ‘‘ The Flame-Spectra of Salts of Copper and Gold ’’ were treated in a 
series of papers describing striking experiments, which incidentally lent themselves wonder- 
fully well to lecture demonstrations. He became a Fellow of the Royal Society in 1901 
(serving later on the Council) and President of Section B of the British Association in 1907, 
interesting himself also as a member of the Committee on Gaseous Explosions of Section G, 
which issued valuable reports on that subject. 

It was only in accordance with his character and tendencies that he carried his special 
knowledge of flame and combustion into a field where it could be applied to advantage, 
that of the gasindustry. Its leaders were won over to his point of view and this was a great 
service to the industry and to his University. In 1910, the Livesey Professorship of Coal 
Gas and Fuel Industries was founded in the University of Leeds as a memorial to Sir 
George Livesey, with W. A. Bone as the first holder. In addition, a Joint Research Com- 
mittee of the University and the Institution of Gas Engineers was formed, unique in 
character and constitution, which soon made its mark by a quantitative study of the 
radiation from gas-fires and similar appliances. Smithells was the Chairman of that 
Committee for a long term of years in its expanding work and was made its first honorary 
member a few weeks before his death. The industry was appreciative of his efforts. He 
was made President of the Society of British Gas Industries in 1911 (having become an 
Honorary Member of the Institution of Gas Engineers in 1907) and the industry made a 
valuable contribution to the endowment of an Arthur Smithells Scholarship in the University 
of Leeds in 1926. 

His activities were, however, many-sided. He was the first President of the Society 
of Chemists and Colourists and his work for the improvement of science teaching was 
recognised in 1923 by his election to the presidency of the Science Masters’ Association. 
In 1913, he went as special lecturer to the Punjab University, more than willing to make an 
attempt to divert the mind of the Indian student from examinations and theory to a real 
interest in chemistry and its practice. He was a firm believer in the possibility of giving 
a useful scientific training to women who might apply it in “‘ home affairs,’ and although 
Leeds did not respond at all adequately to that interest, he found his opportunity else- 
where and became Education Adviser on Home Science and Household Economics in 
King’s College, London, where the subject is now of degree status. 

The War in 1914 came to him as a great shock, with his grateful memories of student 
days in Germany and friendships which he had made then or later. He was soon at work, 
however, as visiting lecturer to the camps of the Northern Command, coming to London 
later as Chief Chemical Adviser for Anti-Gas training of the Home Forces. In that position 
he attained the rank of lieutenant-colonel and was awarded the C.M.G. in 1918. 

Some years later, in 1923, Smithells made a decision which took him away from his 
renewed activities at Leeds to a post in London, the duties of which appealed to him 
and for which his qualifications were unique. This was the Directorship of the Salters’ 
Institute of Industrial Chemistry, and the administration of its funds for giving chosen 
young men of promise that kind of post-graduate training at home or abroad which should 
seem best fitted to increase their future usefulness in chemical industry. With his wide 
knowledge of the personnel of the scientific and industrial worlds, and his faculty for judging 
men and winning their confidence, he was the ideal holder of sucha post. Its duties and his 
own inclinations brought him many contacts such as led to the Presidency of the Institute 
of Chemistry from 1927—30 and the Harrison Lectureship in 1935. Meanwhile the univer- 
sities of his studentship and professorship, Manchester and Leeds, had both conferred upon 
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him their honorary doctorate of science. The reviving of old friendships (and the making 
of new ones), which was one of the features of his later life in London, was highly valued by 
him and combined with a happy home life to bring him great contentment. 

A life so full of so many activities was not one that left time for extensive literary 
effort, but, apart from his scientific papers, Smithells did publish a collection of his 
addresses made from time to time, and these show the same gifts of lucidity, cogency and 
vivid presentment as his speech, although they cannot reproduce the effect of their spoken 
delivery—the impact of personality. In this volume, brought out by the Oxford University 
Press, entitled ‘‘ From a Modern University,’’ such titles as ‘‘ The Modern University 
Movement,’’ “‘ Professors and Practical Men,’’ and “‘ The University and Women’s Work ”’ 
will indicate subjects which were in the forefront of. his thought and action. 

The parents of Arthur Smithells were James Smithells and Martha, the daughter of 
James Livesey. He was twice married, first to Constance Mawe, who died in 1907, and 
later to Katharine Booth. Of the first marriage there were two sons, who both served in 
the War, and one daughter; of the second, one son, now on the staff of University College, 
Exeter. 

I write this with a gratitude to my teacher, colleague, adviser and friend which will be 
widely felt. Joun W. Coss. 





SIDNEY WILLIAMSON. 
1867—1939. 


It is with deep regret that we record the death of Sidney Williamson, at Shenstone Court, 
Berkhamsted, on April 27th, 1939. 

The younger son of the sculptor, J. F. Williamson, he was born at Esher on August 20th, 
1867. After private general education, he received his early scientific training at the 
Finsbury Technical College and the Central Technical College, South Kensington. 


The academic work of Sidney Williamson was published in the period 1886—1896. 
It represents the three preliminary stages of his career, beginning with training in research 
methods by Professor H. E. Armstrong, with whom he studied at South Kensington some 
a-substituted naphthalene-sulphonic acids (P., 1886, 233; 1878, 43, 145). At Munich, 
under guidance by Professor Eugen Bamberger, he investigated the products of hydro- 
genating diethyl-8-naphthylamine (Ber., 1889, 22, 1760) and submitted several derivatives 
of decahydroquinoline to a comprehensive study (Ber., 1894, 27, 1458) : these two subjects 
represent his thesis for the doctorate of philosophy at the German university. 

The second stage was passed in Birmingham, first as personal assistant to Professor 
W. A. (later Sir William) Tilden, with whom he worked on the hydrocarbons derivable 
from dipentene dihydrochloride (J., 1893, 68, 292), proceeding to the demonstratorship 
of chemistry at Mason College late in 1892. 

Leaving Birmingham in July, 1894, he joined Professor Thomas Purdie of St. Andrews, 
and there collaborated in two substantial papers describing the preparation and properties 
of esters from optically active malic, lactic, methoxysuccinic and ethoxysuccinic acids 
(J., 1895, 67, 957; 1896, 69, 818). 

He later held a Salters’ Company Research Fellowship at the Central Technical College, 
South Kensington, where he worked with Professor H. E. Armstrong on problems in 
agricultural chemistry associated with the experimental crop trials in progress at 


Rothamsted. , 

About this time he became engaged as a consultant chemist with the firm of William 
Cooper and Nephews, the well-known manufacturers of sheep and cattle dips, and entered 
their service in a full-time capacity in 1903. In the course of the next few years he visited 
South Africa and Russia in order to study the control of animal parasites by dipping, and, 
in South Africa particularly, he took an active part in the pioneer work on cattle dipping 
in that country, inaugurated by Lounsbury, Baynes, Watkins-Pitchford and others. Later, 
he travelled in many other parts of the world, notably the U.S.A., the West Indies and 


Algeria, studying sheep and cattle dipping problems, 
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In 1911, he became technical adviser to the Chilean Nitrate Committee, but in 1918, 
after the Great War, he resumed his connexion with the technical service of Messrs. William 
Cooper and Nephews, first as director of the then newly-created Cooper Technical Bureau, 
and later as consultant. In 1931 he again became director of the Cooper Technical 
Bureau, which appointment he held until his <etirement in 1933. For several years he 
controlled a farm of his own in England, where he conducted investigations into soil and 
pasture improvement with great success. 

He was a Fellow of the Society of more than 50 years standing, having been elected 
on March 4th, 1886. 

Williamson was a man of wide culture and charming personality. In his younger 
days he displayed exceptional ability as an amateur actor and throughout his life was a 
discerning humanist. His extensive travels and his wide and varied experience furnished 
material, which, with his natural endowments of acute perception and sense of humour, 
he was able to use to great advantage in social conversation. 

His passing leaves with his many friends a cherished memory. 

RICHARD A. COOPER. 





260. The Constituents of Natural Phenolic Resins. Part XVI. 
A Route to the Synthesis of Lignan Diols. 


By Ropert D. HAawortu and Davip Woopcock. 


Optically inactive diols of types (I) and (II) have been prepared by Bouveault-— 
Blanc reduction of esters of dibasic acids of types (III) and (IV) respectively. The 
configurations of the esters of the dibasic acids are modified by the influence of mineral 
acids and also by the conditions of the reduction. The constitutions of the diols of 
types (I) and (II) have been established by conversion into dehydroanhydroiso- 
lariciresinol dimethyl ether and d/-matairesinol dimethyl ether respectively. 


In Part IX (J., 1937, 1645) the results of preliminary experiments on the synthesis of lignan 
diols were reported. These experiments have been continued, and optically inactive 
forms of diols of types (I) and (II) have been prepared by reducing esters of dibasic acids of 
types (III) and (IV) respectively by the Bouveault-Blanc method. 
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The first experiments were made with acids of type (III). 1-Phenylnaphthalene- 
2 : 3-dicarboxylic acid (Michael and Bucher, Amer. Chem. J., 1898, 20, 89) was reduced by 
sodium amalgam to a mixture, m. p. 170—180°, of stereoisomeric modifications of the 
tetrahydro-derivative (III; R =H). A homogeneous form, m. p. 209° (decomp.), was 
obtained by repeated crystallisation of the mixture, but the separation was tedious and 
wasteful, and, as in the case of analogous acids, described later, it has not been possible to 
isolate stereochemically pure forms, most of our experiments have been carried out with the 
crude acid, m. p. 170—180°. Esterification with methyl alcohol in presence of mineral 
acids, diazomethane or by the action of methyl iodide on the silver salt, yielded a mixture 
of crystalline and liquid methyl esters. The ratio of the two forms was constant when 
neutral esterification methods were employed, but varied considerably with the duration 
of the reaction in presence of hydrions, and it is evident that the configuration of the ester 
is modified by mineral acids. When the methy] ester, either-the crystalline or the liquid 
variety, was reduced with sodium and alcohol a 20% yield of a neutral oil was obtained, and 
slightly increased yields resulted from the reduction of the liquid ethyl ester of the dibasic 
acid (III; R =H). The neutral oil probably contains a mixture of stereoisomeric forms 
of the diol (I; R = H); attempts to crystallise the oil or to prepare characteristic formyl, 
acetyl, or benzoyl derivatives failed, but when heated with potassium hydrogen sulphate at 
180° the oil was converted into a crystalline anhydro-derivative (V; R =H), m. p. 103— 
104°. The stereoisomeric forms which probably occur in the mother-liquors have not been 
isolated in a pure condition. 

In a similar manner 6: 7-dimethoxy-1-(3’ : 4’-dimethoxybenzyl)naphthalene-2 : 3- 
dicarboxylic acid (J., 1935, 636) was reduced in 75% yields to a mixture of stereoisomeric 
forms of the tetrahydro-derivative (III; R = OMe), from which a small amount of a homo- 
geneous acid, m. p. 155—157°, was isolated by prolonged fractional crystallisation. The 
mixed acids gave an oily anhydride and esterification yielded the methyl ester in two 
crystalline modifications and the ethy/ ester in a crystalline and a liquid form. Bouveault- 
Blanc reduction, preferably on the ethyl ester, yielded a mixture of diols (I; R = OMe), 
from which a homogeneous form, m. p. 156—158°, has been separated. This substance 
represents a racemic modification of isolariciresinol dimethyl ether; there is a distinct 
resemblance in general solubility properties, and the synthetic diol gave an anhydro- 
derivative (V; R = OMe), m. p. 126—127°, which was converted into dehydroanhydro- 
isolariciresinol dimethyl ether (J., 1937, 1645) on dehydrogenation with lead tetra-acetate. 
A similar dehydrogenation of the unsubstituted anhydro-derivative (V; R = H) could not 
be effected, and it is possible that dehydrogenation with lead tetra-acetate depends upon 
the activating influence of methoxyl groups upon the methylene groups adjoining the 
aromatic nuclei, 

In connexion with other experiments, information was required concerning the stability 
of methylenedioxy- -groups in compounds of this series to the conditions of the Bouveault- 
Blanc process, and in order to test this point a similar series of experiments has been made 
with 6: 7-methylenedioxy-1-(3’ : 4’-methylenedioxybenzyl)naphthalene-2 : 3-dicarboxylic 
acid (J., 1936, 746). Reduction with sodium amalgam gave an inseparable mixture of 
tetrahydro-acids (III; RR = CH,O,), yielding a liquid ethyl ester which was converted into 
an oily diol (I; RR = CH,O,) by Bouveault-Blanc reduction. Repeated crystallisation 
gave a homogeneous form, m. p. 187°, which was converted in the usual way into the 
anhydro-derivative (V; RR = CH,0,), m. p. 137°. 

As mentioned above, the configuration of acids of type (III) is modified by esterification 
in the presence of hydrions, and in view of the observed conversion of cis-hexahydrophthalic 
ester into the trans-form under the influence of sodium ethoxide (Hiickel and Goth, Ber., 
1925, 58, 4471), further configurational change under the conditions of the Bouveault- 
Blanc reduction was anticipated. This has been confirmed by experiments on dibasic 
acids of type (IV), which are available in meso-, dl-, d-, and l-forms. The ethyl esters of 
the four forms of bis-(3 : 4-dimethoxybenzyl)succinic acid (IV; R = OMe), prepared by 
the silver salt method, have been reduced by sodium and alcohol to an oily optically inactive 
diol (II; R = OMe), and the identity of the products from the four esters has been established 
by the preparation of crystalline formyl and anhydro (VI; R = OMe) derivatives, m. p. 
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132° and 119° respectively. It has also been observed that the ester which escapes 
reduction during the Bouveault-Blanc process undergoes stereochemical change, and the 
acidic products recovered from the reduction of the meso- and the d/-form of the ester of the 
acid (IV; R == OMe) contain approximately 35 and 15% of the meso-form of the acid. 
The diol (II; R = OMe) was oxidised by sodium hypobromite to d/-matairesinol dimethyl 
ether, m. p. 115°. The latter probably possesses a trams-configuration (J., 1938, 1985; 
this vol., p. 154) but the conversion cannot be used as an argument in favour of a trans- 
configuration for the diol (II; R = OMe) because of the instability of cis-matairesinol 
dimethyl ether (J., 1938, 797) under the alkaline conditions of the oxidation experiment. 
Attempts to solve the stereochemical problem and to synthesise optically active diols 
of the lignan series are now in progress together with applications of the experiments 
described in this communication to the synthesis of the olivil and cubebin structures, 


EXPERIMENTAL, 


1-Phenyl-1 : 2: 3: 4-tetrahydronaphthalene-2 : 3-dicarboxylic Acid (III; R =H).—4% Sodium 
amalgam (1200 g.) was added toa solution of 1-phenylnaphthalene-2 ; 3-dicarboxylic anhydride 
(26-2 g.) in hot water (600 c.c.) containing sodium hydroxide (10 g.). The stirred mix*ure was 
heated on the water-bath, and carbon dioxide passed in during 12 hours. Acidification of the 
filtered solution precipitated the crude acid (III; R = H) (27-5 g.), m. p. 170—180° (Found, 
after washing with water and drying at 100°: C, 72-7; H, 5-6. Calc. for C,,H,,0,: C, 73-0; 
H, 5-4%). Repeated crystallisation from acetone yielded a homogeneous acid in colourless 
prisms (14 g.), m, p. 209° (decomp.) (Found: C, 73-3; H, 5-5%) [Michael and Bucher, Joc. cit., 
and Stobbe, Ber., 1907, 40, 3372, give 200—202° (decomp.) and 204° (decomp.) respectively]. 
The anhydride, prepared in 90% yields by heating the acid, m. p. 209° (decomp.), with acetyl 
chloride (15 parts), separated from benzene—acetone in hexagonal prisms, m. p. .155—156° 
(Found: C, 77-9; H, 5-0. Calc. for C,,H,,0,: C, 77-7; H, 5-0%) (Michael and Bucher, Joc. 
cit., and Stobbe, loc. cit., give 145—150° and 155° respectively). Unlike the anhydride of 
1-phenylnaphthalene-2 : 3-dicarboxylic acid (Stobbe, Joc. cit.), that of the tetrahydro-acid 
(III; R = H) was sulphonated and not converted into a ketonic acid by the action of cold 
concentrated sulphuric acid, and contrary to previous observations, alkaline hydrolysis of the 
anhydride yielded, not the original acid, m. p. 209° (decomp.), but an isomeric modification which 
crystallised from acetone—benzene in small prisms, m. p. 219° (Found: C, 72-9; H, 5-5%), 
depressed to 205—208° on admixture with the form, m. p. 209° (decomp.). Esterification of the 
acid (III; R =H), m. p. 170—180°, was effected (a) by refluxing for 4 hours with alcoholic 
hydrogen chloride (10 parts) or 10% alcoholic sulphuric acid and (b) by refluxing a suspension of 
the dry silver salt, precipitated by addition of silver nitrate to a hot solution of the ammon- 
ium salt of the acid (1 part), in ether (10 parts) with an alkyl halide (3 parts) for 6 hours, The 
methyl ester was obtained as a semi-solid product, about half of which was obtained in the form of 
long prisms, m. p. 106—109° (Found: C, 73-9; H, 6-3. C,. 9H, .O, requires C, 74-1; H, 6:2%). 
Distillation of this crystalline modification or 12 hours’ esterification by method (a) gave a liquid 
methyl ester, b. p. 190—195°/1 mm. (Found: C, 74:0; H, 62%). The ethyl ester was an oil, 
b. p. 210—215°/1-5 mm, (Found: C, 74-9; H, 7-0. C,,H,,O, requires C, 75-0; H, 6-8%). 

6 : 7-Dimethoxy-1-(3' : 4'-dimethoxyphenyl)-1 : 2 : 3 : 4-tetrahydronaphthalene-2 : 3-dicarboxylic 
Acid (III; R = OMe),—Repeated crystallisation from acetone—benzene of the crude acid, m. p. 
140—155° (Found: C, 63-8; H, 6-0. C,,H,,O, requires C, 63-5; H, 5-8%), obtained in 90% 
yields by reduction of 6: 7-dimethoxy-1-(3’ : 4'-dimethoxyphenyl)naphthalene-2 : 3-dicar- 
boxylic acid, yielded small prisms, m. p. 155—157° (Found: C, 63-9; H, 58%). The purifica- 
tion was extremely wasteful and the crude acid, m. p. 140—155°, was employed in further 
experiments. Esterification with methyl-alcoholic hydrogen chloride or 10% methyl-alcoholic 
sulphuric acid gave 80% yields of a solvated methyl ester, which separated from methyl] alcohol- 
chloroform in stout prisms, m, p. 110° (Found: C, 63-2; H, 6-6. C,,H,,0,,CH,-OH requires 
C, 63-0; H, 6-7%). The action of methyl iodide on the silver salt gave 80% yields of a methyl 
ester which crystallised from methyl alcohol in long slender prisms, m. p. 146° (Found : C, 64-9; 
H, 6-4. C,,H,,0O, requires C, 64-9; H, 6-3%). The ethyl ester, prepared by the alcoholic 
sulphuric acid method,* was resolved into (a) slender prisms (20% yield) from methyl alcohol, 

* An ethyl hydrogen ester, which separated from benzene in small prisms, m, p. 122° (Found: C, 
64-8; H, 6-3. C,,H,,O, requires C, 64-6; H, 6-4%), was isolated from the sodium bicarbonate extract 
of the esterification mixture. 
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m. p. 116—117° (Found: C, 66-2; H, 6-5. C,,H;,0, requires C, 66-1; H, 6-8%), and (5) an 
oil (50% yield), b. p. 270—275°/3 mm. (Found : C, 66-1; H, 6-7%). 

6 : 7-Methylenedioxy-1-(3' : 4'-methylenedioxyphenyl)-1 : 2 : 3 : 4-tetrahydronaphthalene-2 : 3- 
dicarboxylic Acid (III; RR = CH,O,).—The crude reduction product had a very indefinite 
m. p. and attempts to obtain a homogeneous modification were unsuccessful. The ethyl ester, 
prepared by the action of 10% alcoholic sulphuric acid, was a viscous oil, b. p. 260—265°/1-5 mm. 
(Found: C, 65-3; H, 5-5. C,,H,,O, requires C, 65-4; H, 5-4%). 

1-Phenyl-2 : 3-di(hydroxymethyl)-1 : 2: 3: 4-tetrahydronaphthalene (I; R = H).—A solution 
of the ethyl ester (6-2 g.) of the acid (III; R = H) in absolute alcohol (10 c.c.) was added rapidly 
to molten sodium (3-76 g.) maintained at 180°. After } hour, four portions of alcohol (3 c.c. 
each) were added during the course of 1 hour. When the sodium had reacted completely, most 
of the alcohol was evaporated, water was added, and the removal of the alcohol was completed 
under reduced pressure. Ether extraction of the residue yielded an oil (1-5 g.), which has not 
been obtained crystalline. This oil (1 g.) and potassium hydrogen sulphate (2 g.) were heated 
at 180° for } hour; the product was isolated with ether, dissolved in light petroleum (b. p. 
40—60°) (carbon), filtered, and the solvent removed. The residue was distilled, and the fraction 
(0-7 g.), b. p. 180°/1-5 mm., crystallised on the addition of light petroleum (b. p. 40—60°). 
This anhydro-derivative (V; R = H) (0-5 g.), m. p. 85—88° (Found: C, 85-9; H, 7-2. C,,H,,0 
requires C, 86-4; H, 7:2%), probably consists of a mixture of stereoisomerides, and repeated 
crystallisation from methyl alcohol yielded colourless prisms (0-1 g.), m. p. 103—104° (Found : 
C, 86-2; H, 7-2%), unchanged by further crystallisation. 

1-(3’ : 4’-Dimethoxyphenyl)-2 : 3-dihydroxymethyl-1 : 2: 3: 4-tetrahydronaphthalene (I; R= 
OMe).—The neutral oil, obtained in 40% yields by reducing the ethyl ester of the dibasic acid 
(IIL; IR = OMe) as described above, slowly deposited crystals, m. p. 134—145° (yield = 10% 
of oil), from its ethereal solution (A; see below). Repeated crystallisation from ether—methyl 
alcohol yielded slender needles, m. p. 155—158° (yield = 5% of oil) (Found: C, 67-6; H, 
7-5. CggH,,O, requires C, 68-0; H, 7-2%). The anhydro-derivative (V; R = OMe), prepared in 
90% yields by the action of potassium hydrogen sulphate on the diol, m. p. 155—158°, separated 
from methyl alcohol in rosettes of long prisms, m. p. 126—127° (Found: C, 71-2; H, 7-2. 
C,.H,,O0, requires C, 71-4; H, 7:°0%). Dehydrogenation with lead tetra-acetate (2 parts) in 
glacial acetic acid (8 parts) at 70° for 14 hours yielded dehydroanhydroisolariciresinol dimethyl 
ether, which crystallised from methyl alcohol—chloroform in stout prisms, m. p. 200—201° 
(Found: C, 72-0; H, 6-0. Calc. for C,,H,,0O,: C, 72-1; H, 61%), unaltered by admixture 
with a specimen prepared from d-lariciresinol (J., 1937, 1645). The ethereal mother-liquors (A) 
were evaporated, dehydrated with potassium hydrogen sulphate at 180°, and the crude product 
dehydrogenated with lead tetra-acetate; dehydroanhydroisolariciresinol dimethyl ether was 
obtained in a yield of 40% of the oil, thus indicating the presence in the mother-liquors (A) of 
stereoisomeric forms of the diol (I; R = OMe). 

6 : 7-Methylenedioxy-1-(3' : 4'-methylenedioxyphenyl)-2 : 3-dihydroxymethyl-1 : 2 : 3 : 4-tetrahy- 
dronaphthalene (I; RR = CH,O,).—An ethereal solution of the neutral oil, obtained in 37% 
yields by Bouveault—Blanc reduction of the ethyl ester of the dibasic acid (III; RR = CH,Q,), 
deposited the diol (I; RR = CH,O,) in 5% yields. Crystallisation from methyl alcohol— 
chloroform or ethyl alcohol gave rosettes of long prisms, m. p. 183—184° (Found: C, 67-6; 
H, 5-9. CggH,,O, requires C, 67-4; H, 56%). The anhydro-derivative (V; RR = CH,O,), 
prepared in the usual manner, separated from methyl alcohol in rosettes of colourless prisms, 
m. p. 137° (Found: C, 70-8; H, 5-2. C.9H,,0, requires C, 71-0; H, 53%). 

Esters of Bis-(3 : 4-dimethoxybenzyl)succinic Acid (IV; R = OMe).—These were prepared 
from the four modifications of the acid (IV; R = OMe) (this vol., p. 154) by the silver salt 
method. The meso-methyl ester crystallised from methyl alcohol—chloroform in slender prisms, 
m. p. 1836—137° (Found: C, 64:7; H, 7-0. C,H 3,0, requires C, 64-6; H, 6-7%), and the meso- 
ethyl ester separated from alcohol in rectangular prisms, m. p. 114—115° (Found: C, 65-5; 
H, 7-3. CggH,,O, requires C, 65-8; H, 7-2%). The dl-methyl ester crystallised from a small 
amount of methyl alcohol in solvated prisms, m. p. 65—66° (Found: C, 59-8; H, 7-6. 
C,H ,0,,3CH,°OH requires C, 60-0; H, 7-7%), and the dl-ethyl ester was an oil (Found, after 
drying over phosphoric oxide in a vacuum: C, 65-4; H, 7:°3%). The d- and the l-ethyl ester 
crystallised from ether in rosettes of slender prisms, m. p. 65—66° (Found, for d-ester: C, 
65-6; H, 7-2%; for Lester: C, 65-5; H,7-1%). In chloroform (c, 1-030) they gave [a]}7° 26-4° 
and — 26-2° respectively. 

a8-Bis-(3 : 4-dimethoxyphenyl)-B-y-di(hydroxymethyl)butane (II; R = OMe).—The Bouveault— 
Blanc reductions were carried out as follows. The ethyl ester (1-2 g.) was dissolved in boiling 
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alcohol (5, 10, and 5 c.c. for the dl-, meso-, and d- or J-forms respectively) and added to sodium 
(0-5 g.) heated to 180°. After } hour, alcohol (5 c.c.) was added, and the mixture heated for 4 
hour. The alcohol was removed, water added, and neutral material extracted with ether and 
dried. Removal of the ether left the diol (II; R = OMe) (0-7 g.). In experiments with the 
meso- and the dl-ester the aqueous alkaline liquors were acidified, shaken with chloroform 
(5 c.c.), and the sparingly soluble meso-acid (0-40 g. and 0-11 g. respectively), m. p. 223°, was 
collected ; crude tvans-acid was recovered from the chloroform filtrate (0-25 and 0-36 g. respec- 
tively). In all cases the diol (II; R = OMe) was obtained as an oil which showed no optical 
activity in alcoholic solution. It distilled unchanged at 2 mm. (Found: C, 67-4; H, 8-0. 
CygH 3,0, requires C, 67-7; H, 7-7%). This diol (II; R = OMe), oxidised with sodium hypo- 
bromite as described previously for the /-form (this vol., p. 154), yielded d/-matairesinol dimethyl 
ether, m. p. 113—115°, undepressed by admixture with an authentic specimen. The diformyl 
derivative, prepared by boiling with 80% formic acid for 15 minutes, crystallised from ether or 
methyl alcohol in large plates, m. p. 131—132° (Found: C, 64-9; H, 6-6. C,,H 90, requires 
C, 64:6; H, 67%); the diol liberated by hydrolysis of the diformyl derivative was an oil. 
The anhydro-derivative (VI; R = OMe) crystallised from methyl alcohol in nacreous lamine, 
m. p. 118—119° (Found: C, 70-8; H, 7-6. C,,H,,0, requires C, 71-0; H, 7-5%). 


UNIVERSITY OF DURHAM, KING’s COLLEGE, 
NEWCASTLE-UPON-TYNE. [Received, June 29th, 1939.] 





261. Synthesis of 5-Substituted Rubans. 
By G. R. Clemo and E. HoGGarrtu. 


A new synthesis of the ruban skeleton (I) has been achieved by the condensation 
of 3-ketoqguinuclidine with quinoline-4-aldehyde, and a number of 5-substituted 
derivatives are described. 


3-KETOQUINUCLIDINE (Clemo and Metcalfe, J., 1937, 1989 *) condensed very readily with 
benzaldehyde in the presence of alkalis giving 2-benzylidene-3-ketoquinuclidine, and in the 
presence of acids or, better, by means of piperidine acetate (Kuhn and Morris, Ber., 1937, 
70, 857) a similar condensation was effected with quinoline-4-aldehyde, the product being 
5-keto-6 : 9-rubanene (II). Hydrogenation of this compound in methyl-alcoholic solution 
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by hydrogen at ordinary pressure and palladised charcoal gave 5-ketoruban (III), which, 
on reduction with aluminium isopropoxide afforded ruban-5-ol (IV; R =H), and on 
reaction with ethylmagnesium iodide yielded 5-ethylruban-5-ol (IV; R = Et). 

A crystalline compound, CygH,,ONg, was obtained by the action of ethylmagnesium 
iodide on 5-keto-6 : 9-rubanene, and in view of the extended work by Kohler and his 
co-workers since 1904 upon addition of Grignard reagents to «$-unsaturated ketones, this 
should have one or other of the constitutions (V, A or B). The attempt to decide between 
these alternatives has not yet yielded definite results. No crystalline compounds were 
obtained with hydrazine hydrate, phenylhydrazine, semicarbazide, or hydroxylamine, 
although 5-ketoruban gives a normal phenylhydrazone. No acetone was detected in 
attempted reductions with aluminium isopropoxide, and in all cases the material was 
recovered unchanged. On the other hand, we failed to induce anionotropy or dehydration 


* In this paper, the compound was termed 2-ketoquinuclidine. 
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by boiling with formic acid or acetic anhydride, the compound being unaffected even 
by prolonged treatment with these reagents, and in addition, attempted hydrogenation 
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under conditions suitable for reduction of the 6:9 double bond of 5-keto-6 : 9-rubanene 
(II) failed to give 5-ethylruban-5-ol. 


EXPERIMENTAL. 


The quinoline-4-aldehyde was obtained from lepidine by way of the chloral condensation 
product, y-trichloro-f-hydroxy-«-(4-quinolyl)propane in overall yields of 38—40%. This 
yield is much higher than could be attained by repetition of the direct oxidation method of 
Kwartler and Linwall (J. Amer. Chem. Soc., 1937, 59, 524), who report a yield of 61% of 
quinoline-4-aldehyde hydrate from lepidine by use of selenium dioxide. Improvement in 
the original method of Miller and Spady (Ber., 1886, 19, 130) for the intermediate trichloro- 
propane was made by using pyridine as a solvent and, as in the case of “‘ quinaldine-chloral”’ 
(Alberts and Bachman, J. Amer. Chem. Soc., 1935, 57, 1284), the product was much cleaner 
and required far fewer crystallisations than when zinc chloride or acetic anhydride was used 
as a condensing agent. The §-4-quinolylacrylic acid obtained by hydrolysis with alcoholic 
potash had m. p. 270°; Koenigs and Miiller (Ber., 1904, 37, 1337) give m. p. 250—255° (de- 
comp.). Although the same workers state (loc. cit.) that they were unable to oxidise their 
8-4-quinolylacrylic acid to quinoline-4-aldehyde, we succeeded by means of the action of 
ice-cold saturated permanganate solution upon an alkaline solution of the acid at — 10° in 
the presence of a suitable organic solvent (see Cohen and Cooper, J., 1932, 723; D.R.P. 421,088, 
Chemische Fabrik auf Aktien, vorm. E. Schering). 

y-Trichloro-B-hydroxy-a-(4-quinolyl)propane.—Freshly distilled lepidine (40 g.) was dissolved 
in pure dry pyridine (100 c.c.), and chloral (44 g.) quickly added. The faintly yellow liquid 
was warmed at 85—90° on the water-bath (2 hours), the light brown viscous product poured into 
cold water (500 c.c.) with vigorous stirring, and the resulting fine powder collected, washed with 
water, and dried on the water-bath. The pale yellow +-trichloro-$-hydroxy-a-(4-quinolyl)- 
propane, crystallised once from alcohol, had m. p. 177—178° (65 g.; 80%), raised to 178° 
(colourless rectangular prisms) by further recrystallisations (Found: C, 49-9; H, 3-7. Calc. 
for C,,H,,ONCI,: C, 49-6; H, 3-5%). 

6-4-Quinolylacrylic Acid.—Potassium hydroxide (65 g.) was dissolved in absolute alcohol 
(300 c.c.) on the water-bath and the above trichloropropane (65 g.) cautiously added during 
2 hours with effective stirring. After a further hour’s heating on the water-bath, the separated 
potassium chloride was collected and well washed with absolute alcohol. The combined 
filtrates were diluted with an equal volume of water, and the alcohol removed under reduced 
pressure. The residual solution was decolorised by charcoal, the §-4-quinolylacrylic acid 
precipitated with 50% acetic acid (40 c.c.), coagulated by boiling, collected, and washed with 
water. The compound was purified by boiling its solution in sodium carbonate (10%) with 
charcoal and precipitating it as previously; 36 g. (80%), m. p. 268—269°. Although this 
material was pure enough for the next operation, recrystallisation from glacial acetic acid gave 
slender needles, m. p. 270° (slight decomp.) (Found: C, 72-4; H, 4:7. Calc. for C,,H,O,N : 
C, 72:3; H, 46%). 

Quinoline-4-aldehyde.—B-4-Quinolylacrylic acid (36 g.) was dissolved in a solution of sodium 
carbonate (14 g. in 500 c.c. water) and placed in a large, wide-necked flask with a mixture of 
ether and chloroform (11.; 1:1). The whole was stirred vigorously, cooled to — 10°, and an 
ice-cold solution of potassium permanganate (60 g. in 14 1. of water) added during 4 hours. 
The stirring was continued for a further hour and the sludge rapidly filtered. The separated 
aqueous layer was extracted three times with small amounts of chloroform, the residue of man- 
ganese dioxide was washed with the same solvent, and the combined ether—chloroform extracts 
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were then shaken with three small amounts of 50% hydrochloric acid (15 c.c.). The combined 
acid extracts were evaporated to dryness, the hydrochloride decomposed with a small amount 
of saturated sodium carbonate solution, and the quinoline-4-aldehyde extracted with ether. 
Distillation of the dried extract gave 16-5 g. of the free base (58% of theory), b. p. 122— 
123°/4 mm., crystallising to a solid, m. p. 51°. 

Recrystallisation from light petroleum (b. p. 60—80°) gave needles, very soluble in benzene 
and alcohol m. p. 52° (Found: C, 76-3; H, 4-6. Calc. for C,,H,ON: C, 76-4; H, 45%). Its 
picrate, formed in absolute alcohol and crystallised from the same solvent, gave yellow needles 
sintering at 170°, m. p. 179°, which appear to contain one molecule of solvent (Found: C, 
50-2; H, 3-9. .C,JH,ON,C,H,O,N, requires C, 49-7; H, 2-6. C,gH,ON,C,H,O,N,,C,H,OH 
requires C, 50-0; H, 3-7%). The phenylhydrazone was obtained from alcohol as large yellow 
prisms, m. p. 176°. The hydrochloride crystallises from alcohol-acetic acid mixtures in small 
colourless prisms, m. p. 206°. 

2-Benzylidene-3-ketoquinuclidine.—3-Ketoquinuclidine (0-3 g.; b. p. 110°/14 mm.) was 
dissolved in absolute alcohol (2 c.c.), freshly distilled benzaldehyde (0-5 g.) and 1 drop of piperi- 
dine or potassium hydroxide (0-1 g.) added, and the mixture refluxed for 8—10 hours. The 
yellow solution was poured into water (10—20 c.c.), alcohol and excess benzaldehyde removed 
in a current of steam, a little saturated potassium carbonate solution added, and the liquid 
extracted with ether. The oil remaining after removal of the ether solidified on rubbing with 
aqueous methyl alcohol (75%). It was kept in the refrigerator overnight, and the solid crystal- 
lised from light petroleum (b. p. 60—80°), 2-benzylidene-3-ketoquinuclidine being obtained in 
stout, light yellow needles, m. p. 133°, soluble in alcohol and benzene, insoluble in water 
(Found: C, 78-6; H, 6-9. C,,H,;ON requires C, 78-8; H, 7-1%). The phenylhydrazone, 
prepared in and crystallised from absolute alcohol, formed light yellow rectangular plates, 
m. p. 184° (Found: C, 79-5; H, 6-7. C,9H,,N, requires C, 79-2; H, 7-0%). 

5-Keto-6 : 9-rubanene (II).—(a) Condensation by hydrogen chloride in acetic acid. Pure 3- 
ketoquinuclidine (0-5 g.) and quinoline-4-aldehyde hydrochloride (0-8 g.) were separately dis- 
solved in glacial acetic acid (10 c.c. each), mixed, and saturated with dry hydrogen chloride 
at 0°. The yellow liquid was kept for 2—3 hours, then warmed at 80—85° for 8 hours, poured 
into water (50 c.c.), and the greater part of the acetic acid together with excess aldehyde removed 
on the water-bath under reduced pressure. The oil which separated upon basifying with 
saturated potassium carbonate solution was taken up in ether, the solvent removed from the 
dried extracts, and the residue repeatedly extracted with light petroleum (b. p. 60—80°). The 
united extracts were reduced to 20 c.c., decanted from a small amount of red oil which separated 
during the concentration, and allowed to crystallise. The 5-keto-6: 9-rubanene (0-2 g.) was 
collected and recrystallised from the same solvent, forming small, deep yellow prisms, 
m. p. 153°, very soluble in alcohol and benzene, sparingly soluble in ether (Found: C, 77:35; 
H, 5-8; N, 10-7. C,,H,,ON, requires C, 77-25; H, 6-1; N, 10-6%). 

(b) Condensation with piperidine acetate. 3-Ketoquinuclidine (0-5 g.) and quinoline-4- 
aldehyde (0-65 g.) were dissolved in absolute alcohol (2 c.c.), and piperidine (0-1 g.) and glacial 
acetic acid (0-1 g.) added. The mixture was kept for at least 60 hours in the cold, heated 
momentarily to boiling, and poured into water (10—20 c.c.). The liquid was basified with 
a little potassium carbonate, and alcohol, excess aldehyde, and piperidine removed in steam. 
The oil remaining in the flask was taken up in ether, the extracts dried, and the solvent re- 
moved. The residual oil solidified on scratching, and was crystallised from light petroleum 
(b. p. 60—80°). The compound (0:4—0-5 g.) was identical with that obtained by the previous 
method, m. p. 153° (Found, C, 77-5; H, 58%). The picrate of 5-keto-6 : 9-rubanene crystallised 
from alcohol—acetone in small red needles, m. p. 209°, slightly soluble in alcohol (Found : C, 
56-2; H, 4:3. C,,H,,ON,,C,H,O,N, requires C, 56-0; H, 39%). The platinichloride crystal- 
lised in orange needles from dilute alcohol, and decomposed above 260° without melting. For 
analysis it was dried for 10 hours at 120° in a vacuum (Found: C, 30-4; H, 2-4; Pt, 29-2. 
C,,H,,ON,,H,PtCl, requires C, 30-3; H, 2-7; Pt, 29-0%). 

5-Ketoruban (III).—5-Keto-6 : 9-rubanene (0-5 g.) was dissolved in methyl alcohol (10 
c.c.), palladised charcoal (20 mg.) added, and the mixture shaken for 10 hours with hydrogen 
at the ordinary pressure. Fresh catalyst (10 mg.) was then added, and the shaking continued 
for a further 2 hours. The charcoal was filtered off, washed with a little hot methyl] alcohol, 
the solvent evaporated, and the residual oil crystallised from light petroleum (b. p. 60—80°). 
5-Ketoruban separates in colourless needles, m. p. 125—126° (0-3 g.), very soluble in alcohol, 
benzene, and ether (Found: C, 76-8; H, 6-6. C,,H,,ON, requires C, 76-7; H, 6-8%). Its 
phenylhydrazone, formed by boiling with phenylhydrazine in alcohol, separated from the same 
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solvent in yellow prisms, m. p. 198° (Found: N, 16-0. C,,H,,N, requires N, 15-7%); and its 
picrate gave deep yellow needles from alcohol—acetone, m. p. 168°, almost insoluble in alcohol 
but quite soluble in acetone (Found: C, 48-2; H, 3:5. Cj ,,H,,ON,,2C,H,;0O,N, requires 
C, 48-0; H. 33%). 

Ruban-5-ol (IV; R = H).—5-Ketoruban (0-5 g.) was dissolved in dry isopropyl alcohol 
(5 c.c.), and aluminium isopropoxide (1-0 g.) added. The solution was gently refluxed under 
a short fractionating column so that in the course of 2 hours about 5 c.c. of isopropyl alcohol 
distilled over, the volume of solution in the flask being maintained by dropping in dry iso- 
propyl alcohol at the same rate. Excess of reagent was then decomposed by water (20 c.c.), 
and the isopropyl alcohol removed in steam. The ruban-5-ol was extracted from the gelatinous 
residue with ether—chloroform (1:1), the solvents removed from the dried extracts, and the 
residual oil crystallised from ethyl acetate; it formed small, pointed needles, m. p. 198° 
(0-3 g.), soluble in alcohol and benzene, sparingly soluble in ether (Found: C, 76-4; H, 7-4. 
C,;HyON, requires C, 76-1; H, 7-5%). Its picrate is very sparingly soluble in alcohol, and 
crystallised from alcohol—acetone in yellow needles, m. p. 188—189° (Found: C, 48-3; 
H, 3-8. C,,H,ON,,2C,H,O,N, requires C, 47-9; H, 3-6%). 

5-Ethylruban-5-ol (IV; R = Et).—The Grignard reagent from magnesium (1-5 g.), ethyl 
iodide (4 c.c.), and ether (25 c.c.) was taken to dryness on the water-bath under reduced pressure 
to remove excess of ethyl iodide, the gelatinous residue dissolved in ether (25 c.c.) and filtered 
through fritted glass with suitable protection from the atmosphere, cooled to — 10°, and poured 
slowly into a solution of 5-ketoruban (0-3 g.) in ether (30 c.c.) also at — 10°. After standing 
for 1 hour at this temperature, the yellow addition compound was decomposed with ice and 
acetic acid, the solution basified with potassium carbonate solution, and extracted with chloro- 
form. The gum remaining when the solvent was removed was taken up in acetic acid (10 
c.c. of 30%), boiled with charcoal, and the filtered solution basified with potassium carbonate. 
The 5-ethylruban-5-ol, which separated as a gummy precipitate, solidified on standing for 
several days in the refrigerator; it was collected, washed with water, dried in a vacuum desic- 
cator, and crystallised from ethyl acetate—light petroleum. The compound (0-03—0-05 g.), 
white prisms, m. p. 139°, is soluble in alcohol and benzene, sparingly soluble in ether (Found : 
C, 77-3; H, 8-3; N, 9-6. C,.H,,ON, requires C, 77-0; H, 8-2; N, 95%). Its picrate, formed 
in alcohol, crystallises from this solvent in yellow prisms, m. p. 161°, very soluble in acetone 
(Found: C, 49-2; H, 3-7. C,gH,ON,,2C,H,O,N, requires C, 49-3; H, 4-0%). 

Reaction of 5-Keto-6 : 9-rubanene with Ethylmagnesium Iodide.—A Grignard solution from 
magnesium (2-6 g.) and ethyl iodide (6-4 c.c.) was freed from excess ethyl iodide, cooled to 
0°, and a solution of 5-keto-6 : 9-rubanene (0-8 g.) in ether (30 c.c.), also at 0°, added slowly 
with stirring. After standing for 1 hour in ice, the mixture was warmed for 5 minutes on the 
water-bath, and the deep yellow addition product decomposed with ice and acetic acid. 
The solution was basified with saturated potassium carbonate solution and extracted with 
ether—chloroform (1:1). The united extracts were dried, the solvent removed, the residual gum 
taken up in absolute alcohol (5 c.c.), and precipitated with a solution of picric acid (0-5 g.) in 
absolute alcohol (10 c.c.). The yellow picrate was collected, crystallised from absolute alcohol, 
and decomposed with hydrochloric acid (1:1). The acid filtrate was basified with potassium 
carbonate solution, the gummy precipitate allowed to harden, collected, and crystallised from 
light petroleum (b. p. 60—80°). After several recrystallisations, colourless prisms, soluble in 
alcohol and benzene, sparingly soluble in ether (0-05 g., m. p. 164°), were obtained (Found : 
C, 77-8; H, 7-5. CygH,ON, requires C, 77-5; H, 755%). The compound gave a picrate 
crystallising from alcohol in slender, deep yellow needles,.m. p. 150° (Found: C, 49-4; H, 3-9. 
C19H,,ON,,2C,H,O,N, requires C, 49-4; H, 3-7%). 
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262. LEpimeric Alcohols of the cycloHexane Series. Part II. 
4-Methyl- and 4-isoPropyl-cyclohexyl-1-carbinols. 


By R. G. Cooke and A. KILLEN MACBETH. 


cis- and trans-Hexahydro-p-toluic and hexahydrocuminic acids have been prepared 
and characterised by the ~-chloro- and ~-bromo-phenacyl esters. cis-Hexahydro- 
cuminic acid can be prepared by the catalytic hydrogenation of cuminic acid in acetic 
acid in the presence of platinum oxide, but a small amount of the tvans-acid is present. 
The tvans-hexahydro-acids are readily available by pressure hydrogenation of alkaline 
solutions of the salts of the corresponding aromatic acids in the presence of Raney nickel. 
The epimeric 4-methyl- and 4-isopropyl-cyclohexylcarbinols have been prepared by the 
hydrogenation and hydrogenolysis of the esters of the cis- and trans-hexahydro-acids. 
The trans-alcohols are readily obtained pure, but the cis-compounds are contaminated 
by small amounts of the epimers, and rigid purification of the derivatives is somewhat 
difficult. All the alcohols have been characterised by crystalline derivatives. Their 
physical constants are in agreement with the Auwers-Skita rule. 


THE relationship of 4-isopropyleyclohexyl-l-carbinols to monocyclic terpene aldehydes, 
such as phellandral, lends interest to the former compounds, and the synthesis and 
characterisation of the pure epimeric alcohols were regarded as a necessary preliminary to 
the study of the hydrogenation of the aldehydes themselves under a variety of conditions. 
Cuminal (I) was available in quantity as a starting material, and the work carried out is 
outlined in the following scheme. Similar reactions were also carried out starting with 
p-toluic acid. 
H—C—CO,H H—C—CO,Et H—C—CH,°OH 


fH, —> fy tH, —> of, Uh 


/ Ba CHa CH, CHg CH, CHy 
CHO on ae Ry os aia, HXCpe 
dass (IIIa.) (IVa.) (Va.) 
Y O) pane H—C—CO,H H—C—CO,Et H—C—CH,OH 
LN 
CH, CH, CH, CH, CH, CH, 
Pr—t—H Pr’—t—H Pr’—C—H 
(IIIb.) (IVb.) (Vb.) 


trans-Hexahydro-f-toluic acid was prepared by the sodium reduction of #-toluic acid in 
amyl alcohol (Einhorn and Willstatter, Annalen, 1894, 280, 160; Perkin and Pickles, J., 
1905, 87, 643), and a solid hexahydrocuminic acid was similarly obtained by Markownikoff 
(J. pr. Chem., 1898, 57, 95). The method, however, is laborious and permits the reduction 
of the acids in only small quantities (10 g.). We have found that the solid ¢vans-acids can 
be obtained much more conveniently by the pressure hydrogenation (150—200 atms., 
200°) of their solutions in 10% sodium hydroxide, Raney nickel being used as a catalyst. 
trans-Hexahydro-f-toluic acid gives a p-chlorophenacyl ester, m. p. 105°, and a p-bromo- 
phenacyl ester, m. p. 135°. trans-Hexahydrocuminic acid (IIIb) is characterised by a 
p-chlorophenacyl ester, m. p. 97-5°, and a p-bromophenacyl ester, m. p. 108°. 

cis-Hexahydro-p-toluic acid has been prepared by Keats (J., 1937, 2003) by catalytic 
hydrogenation of #-toluic acid in acetic acid in the presence of platinum oxide. cis- 
Hexahydrocuminic acid (IIIa), a liquid, b. p, 133°/2-5 mm., n}° 1-4668, has now been 
similarly prepared. Both acids, however, contain traces of their trans-epimers, for in the 
purification of their -chloro- and p-bromo-phenacy] esters, small amounts of the érans- 
esters were isolated, The p-chlorophenacyl esters had m. p, 90° and 61°, and the 
p-bromophenacyl esters m. p, 100° and 85° respectively, 
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The above acids were converted into their ethyl esters by standing in alcoholic solution 
with sulphuric acid, and the esters were converted into the corresponding carbinols by 
treatment with hydrogen at 250° under ca. 200 atm. in the presence of copper—barium- 
chromium oxide catalyst for about 10 hours. Under these conditions hydrogenation and 
hydrogenolysis of the esters occurred, and the resulting carbinols were converted into the 
acid phthalates which were purified by crystallisation. The carbinols were characterised 
by the derivatives listed below, and the ease with which those of the trans-compounds were 
obtained pure, compared with the difficulty experienced in the case of the cis-derivatives, 
again suggests the contamination of the latter by traces of the former. cis-4-Methyl- 
cyclohexyl-l-carbinol : hydrogen phthalate, m. p. 127°; «-naphthylurethane, m. p. 72—73°. 
trans-4-Methyleyclohexylcarbinol: hydrogen phthalate, m. p. 147—148°; «-naphthyl- 
urethane, m. p. 110-5°; phenylurethane, m. p. 82-5°; p-nitrobenzoate, m. p. 57°; 3: 5- 
dinitrobenzoate, m. p. 112°. cis-4-isoPropylcyclohexyl-1-carbinol (Va): hydrogen phthalate, 
m. p. 107—108°; p-nitrobenzoate, m. p. 54—55°, 3 : 5-dinitrobenzoate, m. p. 72°. trans- 
4-isoPropylcyclohexyl-l-carbinol (Vb): hydrogen phthalate, m. p. 107—108°; p-niiro- 
benzoate, m. p. 47°5°; 3: 5-dinitrobenzoate, m. p. 95°; phenylurethane, m. p. 74°; 
a-naphthylurethane, m. p. 93°. 

The refractive indexes and the densities of the cis-carbinols are higher than those of the 
trans-compounds and the constants are thus in accordance with the Auwers-Skita rule : 
cis-4-Methyleyclohexyl-l-carbinol, n>” 1-4617, di 0-9074; trans-4-methyleyclohexyl-1- 
carbinol, 3° 1-4578, di’ 0-8962; cis-4-isopropylcyclohexyl-l-carbinol, n°” 1-4682, di* 
0-9051 ; trans-4-tsopropyleyclohexyl]-1-carbinol, n?” 1-4661, 432" 0-9007. 


EXPERIMENTAL. 


Cuminic Acid.—This was prepared from cuminal (100 g.) which was vigorously stirred with 
10% sodium hydroxide solution (200 c.c.) during addition of hydrogen peroxide (30 c.c., 100- 
vol.), the reaction vessel being immersed in ice-cold water. Further quantities of alkali and 
hydrogen peroxide were added during 10 hours, and after standing overnight unchanged cuminal 
was removed by steam distillation, and the cuminic acid precipitated by acidification after 
cooling. The crude acid was crystallised (charcoal) from dilute acetic acid, and twice recrystal- 
lised from the same solvent. 

cis-Hexahydrocuminic Acid.—Cuminic acid was hydrogenated in 10-g. lots in glacial acetic 
acid (60 c.c.) in the presence of platinum oxide (Adams, 0-5 g.), the flask being continuously 
shaken and kept hot by a jet of steam. Hydrogen was steadily absorbed during 6 hours, the 
catalyst being aerated at intervals as necessary. The acetic acid from accumulated reaction 
products was distilled off under reduced pressure, and the residual cis-hexahydrocuminic acid 
purified by distillation, 45 g. being obtained from 50 g. of cuminic acid. It had b. p. 133°/2°5 
mm., 7%" 1-4668 (Found: C, 70-3; H, 10-5. CygH,,O0, requires C, 70-55; H, 10-65%). The 
p-chlorophenacyl ester, fine needles, m. p. 61° (Found: Cl, 11-05: C,,H,,;0,Cl requires Cl, 
11-0%), and the p-bromophenacyl ester, needles, m. p. 85° (Found: Br, 21-6. C,,H,,0,Br 
requires Br, 21-8%), were both crystallised from dilute alcohol. 

cis-Hexahydro-p-toluic acid, similarly prepared (compare Keats, loc. cit.), required less time 
for the hydrogenation (4-5 hours) and gave a p-chlorophenacyl ester, flat needles, m. p. 90° 
(Found: Cl, 12-0. C,H, ,O,Cl requires Cl, 12-05%), and a p-bromophenacyl ester, flaky leaves, 
m. p. 100° (Found: Br, 23-6. C,,H,,0,Br requires Br, 23-6%), both from dilute alcohol. 

trans-Hexahydrocuminic acid was conveniently prepared by hydrogenation of cuminic acid 
(40 g.) in aqueous sodium hydroxide solution (150 c.c., 10%) in the presence of Raney nickel 
(10 g.) at 200° and a pressure of 150—200 atm. The absorption of hydrogen was completed in 
4—5 hours. After removal of nickel from the reaction mixture and acidification with hydro- 
chloric acid, the crude trans-hexahydro-acid separated in solid form, and after collection, washing 
with water, and draining on a porous tile, it was purified by recrystallisation from formic acid ; 
yield of pure acid 65%, m. p. 94°. From dilute alcohol, the p-chlorophenacyl ester separated as 
long plates, m. p. 97-5° (Found: Cl, 11-2. C,sH,,0,Cl requires Cl, 11-0%), and the p-bromo- 
phenacyl ester as glistening leaves, m. p. 108° (Found : Br, 22-0. C,,H,,0,Br requires Br, 21-8%). 

trans-Hexahydro-p-toluic acid, similarly prepared, gave a p-chlorophenacyl ester, plates, 
m. p. 105°, from dilute alcohol (Found: Cl, 11-75. C,,H,,0,Cl requires Cl, 12-05%), and a 
p-bromophenacyl ester, plates, m. p. 135° (Found: Br, 23-6. C,,H,,0O,Br requires Br, 23-6%). 
Ethyl cis-hexahydrocuminate was prepared by keeping a solution of the acid (32 g.) in alcohol 
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(150 c.c.) and sulphuric acid (10 c.c.) for 2 days; the mixture was then heated on the water-bath 
for an hour, and the major part of the alcohol distilled off. ‘The residue was poured into water, 
the ester extracted with ether, and after drying with calcium chloride the product was distilled 
under reduced pressure, b. p. 94°/2°5 mm., 3° 1-4491 (Found: C, 72-6; H, 11-1. C,,H,,O, 
requires C, 72-65; H, 11-2%). The other esters were prepared similarly or by the Fischer— 
Speier method : Ethyl trans-hexahydrocuminate, b. p. 100°/2 mm. (Found: C, 72-65; H, 10-95. 
C,2H,,0, requires C, 72°6;. H, 11-2%); ethyl cis-hexahydro-p-toluate, b. p. 64°/3 mm.; ethyl 
tvans-hexahydro-p-toluate, b. p. 71°/2 mm. 

Hydrogenation—hydrogenolysis of the Esters ——The conversion of the esters into the corre- 
sponding carbinols was in all cases carried out by the action of hydrogen at 250° and about 200 
atm. pressure, using copper—barium-—chromium oxide as the catalyst. About 10% of the 
catalyst was employed, and for 30—40 g. of the ester the reaction required some 10 hours for 
completion. After isolation of the carbinol in the usual way, the dried product was converted 
into the acid phthalate by heating with excess phthalic anhydride for 12—15 hours in a constant- 
temperature oven at 110°. After being worked up as usual, the phthalates were purified by 
crystallisation from light petroleum (b. p. 60—90°) and the alcohols recovered by steam-distill- 
ation of the purified esters in the presence of sodium hydroxide solution (5%, 3 mols.). The 
distillate was extracted with ether, the extracts dried with anhydrous magnesium sulphate, and 
the carbinols obtained as pleasant-smelling - viscous liquids by distillation under reduced 
pressure. cis-4-Methylcyclohexyl-1-carbinol, b. p. 75°/2-5 mm., 2” 1-4617, d%%" 0-9074, gave 
a hydrogen phthalate, m. p. 127°, from light petroleum (Found: C, 69-7; H, 7:3. C,g.H»O, 
requires C, 69-5; H, 7-3%), and an a-naphthylurethane, glistening plates, m. p. 72—73°, from 
dilute alcohol (Found: C, 76-85; H, 7-7; N, 4:85. C,,H,,0,N requires C, 76-7; H, 7:8; 
N, 4:7%). 

nl. NRE had b. p. 74°/3 mm., 3° 1-4578, d3° 0-8962. The 
hydrogen phthalate, recrystallised from light petroleum, had m. p. 147—148° (Found: C, 69-4; 
H, 7-25. C,gH,.»O, requires C, 69-5; H, 7:°3%); the p-nitrobenzoate separated as practically 
colourless laths, m. p. 57°, from methyl alcohol (Found: N, 5-0. C,;H,,O,N requires N, 5-0%); 
the 3 : 5-dinitrobenzoaie, pale yellow needles from ethyl alcohol, m. p. 112° (Found: C, 56-0; 
H, 5-6; N, 84. C,;H,,0O,N, requires C, 55°85; H, 5-65; N, 87%); the phenylurethane, 
glistening plates from light petroleum, m. p. 82-5° (Found : C, 73-1; H, 8-6; N, 5-8. C,sH,,O,.N 
requires C, 72-8; H, 8-6; N, 5-65%); the a-naphthylurethane, needles from light petroleum, 
m. p. 110-5° (Found: C, 76-8; H, 7-55; N, 4:85. C,,H,,0,N requires C, 76:7; H, 7-8; 
N, 4:7%). 

cis-4-iso Propylcyclohexyl-1-carbinol had b. p. 101°/2 mm., 1? 1-4682, d3?° 0-9051 (Found : 
C, 76-95; H, 12-7. Cy gH. O requires C, 76-85; H, 12-9%); hydrogen phthalate, from light 
petroleum, m. p. 107—108° (Found: C, 70-8; H, 7-9. C,,H,,O, requires C, 71:0; H, 7°95%); 
p-nitrobenzoate, very pale yellow glistening flakes from methyl alcohol, m. p. 54—55° (Found : 
C, 66-5; H, 7-5; N, 4-7. C,,;H,,;0,N requires C, 66-8; H, 7-6; N, 46%); 3: 5-dinitrobenzoate, 
pale yellow needles from methyl alcohol, m. p. 72° (Found: C, 58-4; H, 6-4; N, 8-2. 
C,,H,,0,N, requires C, 58-25; H, 6:35; N, 8-0%); a-naphthylurethane, m. p. 72—73°, needles 
from light petroleum (Found: C, 77-4; H, 85; N, 44. C,,H,,O,N requires C, 77-5; 
H, 8-35; N, 43%). 

trans-4-isoPropylcyclohexyl-1-carbinol had b. p. 98°/2 mm., 2° 1-4661, d32° 0-9007 (Found : 
C, 76-5; H, 12-85. CHO requires C, 76-85; H, 12-9%); the hydrogen phthalate, crystallised 
from light petroleum, had m. p. 107—108°, which is the same as the ester of the cis-carbinol, 
but a mixed m. p. showed marked depression (Found: C, 71-0; H, 7-7. C,gH,,O, requires C, 
71-0; H, 7:95%). The p-nitrobenzoate separated as practically colourless, long plates from 
dilute methyl alcohol, m. p. 47-5° (Found: C, 67-1; H, 7:7; N, 4:8. C,,H,,0,N requires C, 
66:8; H, 7-6; N, 46%); 3: 5-dinitrobenzoate, characteristic curved laths from dilute methyl 
alcohol, m. p. 95° (Found: C, 58-05; H, 6-1; N, 8-05. (C,,H,,0,N, requires C, 58:25; H, 
6-35; N, 80%); phenylurethane, flakes from light petroleum, m. p. 74° (Found: C, 74:0; H, 
8-8; N, 5-1. C,,H,;0,N requires C, 74:1; H, 9-15; N, 5:1%); a-naphthylurethane, needles 
from light petroleum, m. p. 93° (Found: C, 77-8; H, 8-4; N, 4:1. C,,H,,O,N requires 
C, 77-5; H, 8-35; N, 43%). 


One of us (R. G. C.) is indebted to the Commonwealth Government for a Federal Research 
Grant which enabled him to participate in the work. 
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263. Acyl Migration in a Derivative of Galactose. 
By J. S. D. Bacon, D. J. BELL, and H. W. Kostertitz. 


Crystalline 2: 3: 6-tribenzoyl ®-methylgalactoside on methylation with Purdie’s 
reagents yielded an amorphous methyl ether, from which, after appropriate treat- 
ment, some 2-methyl 8-methylgalactoside was isolated. This is believed to be the first 
example of acyl migration observed in the galactose series. 


In order to attempt certain substitution reactions in position 4 of the galactose molecule, 
we first prepared 2 : 3 : 6-tribenzoyl 6-methylgalactoside by a method essentially similar to 
those employed in the syntheses of the 2 : 3 : 6-tribenzoates of «- and 6-methylglucosides 
(Bell, J., 1934, 1177; Levene and Raymond, J. Biol. Chem., 1932, 97, 763). The essential 
steps may be summarised as follows: 4:6-benzylidene $-methylgalactoside (A) —> 
2 : 3-dibenzoyl 4 : 6-benzylidene 8-methylgalactoside (B) —-> 2 : 3-dibenzoyl 8-methylgalactos- 
ide (C) —» 2:3: 6-tribenzoyl 6-methylgalactoside (D). The final stage depended on pre- 
ferential benzoylation of the primary alcoholic group of (C). Proof of the positions occupied 
by the benzoyl groups in the new tribenzoate may be adduced as follows: (1) Controlled 
acid hydrolysis of (B) yielded a crystalline dibenzoyl methylhexoside, (C). Since (B) was 
regenerated in 90% yield on treatment of (C) with benzaldehyde and zinc chloride, there 
seems to be no question that (C) has the constitution assigned above, 1.e., the acyl groups 
occupy positions 2 and 3. (2) We have no grounds for suspecting that acyl migration 
takes place during acylation in pyridine solution. (3) The only tribenzoyl 8-methylgalactos- 
ide isomeric with (D), and having positions 2 and 3 benzoylated, is the 2 : 3 : 4-derivative. 
This is known only as a syrup, but its 6-p-toluenesulphonate is described by Miiller (Ber., 
1931, 64, 1820) as having m. p. 194° and [«], in chloroform, + 148-7°; he has also shown 
that the substance reacts quantitatively with sodium iodide in acetone, with formation of 
the 6-iodohydrin. On the other hand, (D) yielded a p-toluenesulphonyl derivative of m. p. 
175° and [«], in chloroform + 58-9°; it did not react with sodium iodide and therefore was 
not sulphonylated in position 6. 

In an attempt to prepare the unknown 4-methyl galactose (cf. Munro and Percival, 
J., 1936, 640), we treated (D) with Purdie’s reagents after the manner in which Levene and 
Raymond (loc. cit.) prepared 4-methyl glucose from 2 : 3 : 6-tribenzoyl 6-methylglucoside, 
and obtained an amorphous product having the composition of a tribenzoyl dimethyl 
hexose; on debenzoylation this gave (a) an amorphous portion (OMe, 27%), and (0) crystal- 
line 2-methyl 6-methylgalactoside (Oldham and Bell, J. Amer. Chem. Soc:, 1938, 60, 323). 

Since the above results pointed to acyl migration having taken place, we carried out a 
further experiment to confirm that (D) did not, in fact, possess a free hydroxyl group in 
position 2, and thus make certain that a benzoyl radical had indeed moved from there. 
We prepared crystalline 2-p-toluenesulphonyl 8-methylgalactoside by a method which ensured 
substitution in the 2-position (Bell and Williamson, J., 1938, 1196), and benzoylation of 
this yielded 3 : 4: 6-tribenzoyl 2-p-toluenesulphonyl 8-methylgalactoside, m. p. 143—144°, 
{«]» in chloroform, + 45-5°. The difference in properties between this substance and the 
derivative of (D) renders it certain that we have here to deal with a genuine instance of 
acyl migration. 

The behaviour of (D) towards Purdie’s reagents falls into line with similar observations 
in the glucose series (cf. Haworth, Hirst, and Teece, J., 1931, 2858; Robertson, J., 1933, 
737). As far as we are aware, no other instance of acyl migration in a galactose derivative 
has hitherto been recorded. 


EXPERIMENTAL. 


Solvents were evaporated under diminished pressure. Polarimetric measurements were 
made on chloroform solutions (unless stated otherwise), using a 2-dm. tube. 

4: 6-Benzylidene 8-Methylgalactoside (I) (cf. Oldham and Bell, Joc. cit.).—The yield of this 
substance, which is rather soluble in cold water, has been considerably improved by modifying 
Freudenberg, Toepffer, and Andersen’s method (Ber., 1928, 61, 1750) : 30 g. of B-methylgalactos- 
ide were shaken for 20 hours with 80 ml. of freshly distilled benzaldehyde and 25 g. of powdered, 
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anhydrous zinc chloride. Anexcess of hot saturated sodium carbonate solution was then added, 
and the whole heated at 100° to precipitate the zinc. The filtered, zinc-free solution was 
evaporated to dryness after adding sufficient water to steam-distil the excess benzaldehyde. 
An alcoholic extract of the residue thus obtained yielded several crops of needles; on re- 
crystallisation from alcohol, 27 g. were finally obtained, m. p. 198—201°. 

2: 3-Dibenzoyl 4: 6-Benzylidene 8-Methylgalactoside (11).—To 21 g. of (I), dissolved in 25 
ml. of dry pyridine and kept cold, a mixture of 20 ml. each of dry benzene and benzoyl chloride 
was added; the whole was then kept at 38° for 24 hours. On adding 20 ml. of water, a mass 
of crystals formed. These were washed with water and light petroleum, and recrystallised 
from alcohol containing some acetone. 28 G. of needles were thus obtained, m. p. 195—196°, 
[u]}?" + 156-1° (c = 3-4) (Found: C, 68-5; H, 5:2; OCH,, 6-4; CO-C,H;, 42-6. C,,H,.O, 
requires C, 68:5; H, 5-3; OCH;, 6-3; CO-C,H,, 42-8%). 

2 : 3-Dibenzoyl B-Methylgalactoside (I11).—43 G. of (II) were boiled for 5 hours with a mixture 
of 774 ml. of acetone and 86 ml. of 0-25n-hydrochloric acid. After the acid had been neutralised 
with solid barium carbonate, the acetone was distilled off, and the crude product dissolved in 
300 ml. of warm benzene. The benzene extract was rapidly washed with sodium bisulphite 
solution and finally with water; on cooling, it deposited 38 g. of needles which contained solvent 
of crystallisation. On recrystallisation of these from ethyl acetate—light petroleum (b. p. 60— 
80°), 24-5 g. of fine needles were obtained. These had m. p. 136-5—138-5°, [a]p + 101-9° (c = 
2-8) (Found: C, 62-1; H, 5-81; OCH,, 8-0; CO-C,H,, 53-5. C,,H,,0, requires C, 62-7; H, 
5-47; OCH;, 7-7; CO-C,H;, 52-2%). The substance also crystallises from chloroform (with 
1 mol. CHCI,), m. p. 80°, [a]p + 80-6°. Drying at 70—75° for 30 minutes yields material identical 
with that crystallised from ethyl acetate-light petroleum. 

Regeneration of (II) from (III). 2G. of (III) were shaken for 5 hours with 10 ml. of freshly 
distilled benzaldehyde and 1 g. of anhydrous zinc chloride. Benzene was added, the bulk of 
the excess benzaldehyde washed out with bisulphite solution, and any acid remaining neutral- 
ised with sodium hydroxide. On evaporating the dehydrated benzene solution to dryness, 
and crystallising the residue from alcohol—acetone (2: 1), 2-2 g. of needles were obtained (90% 
yield) having m. p. 198° and [a]p + 155° (c = 4). Them. p. was not depressed on mixing with 
an authentic specimen of (II). 

2:3: 6-Tribenzoyl B-Methylgalactoside (IV).—To 8-75 g. of (III), dissolved in 54 ml. of dry 
pyridine, a solution of 2-8 g. (1-1 mols.) of benzoyl chloride in 14 ml. of benzene was added drop 
by drop during 30 minutes, the reaction mixture being cooled in running water. After it had 
stood at room temperature for 4 hours, 6 ml. of water were added, followed 30 min. later by 150 
ml. of benzene and much ice-water. The benzene layer was washed first with ice-cold Nn-sul- 
phuric acid till acid to Congo-red, then with water. The dehydrated benzene layer was evapor- 
ated to dryness, and the resulting syrup crystallised from 75% alcohol. 5-2 G. (47%) of stout 
needles were obtained; m. p. 143—144°, [aji® + 56-1° (c = 8) (Found: C, 66-0; H, 5-05; 
OCHs, 6-2; CO-C,H,, 61-9. C,,H,,O, requires C, 66-4; H, 5-1; OCH;, 6-1; CO-C,H,, 62-2%). 

4-p-Toluenesulphonyl 2 : 3 : 6-Tribenzoyl B-Methylgalactoside (V).—1-1 G. of (IV) were treated 
with a 50% excess of the sulphonyl chloride in dry pyridine for 48 hours at 38°. On addition 
of water to the reaction mixture, the product crystallised. By recrystallisation from alcohol- 
acetone (1:1), 1-2 g. of needles were obtained; m. p. 175°, [«]?” + 58-9° (c = 1-8) (Found: 
C, 63-1; H, 5-2; OCH;, 4-9; S, 4-6. C3;H;,0,,S requires C, 63-6; H, 4-8; OCH;, 4-7; S, 4-8%). 
The substance was unaffected by treatment with sodium iodide in acetone at 100°. 

Methylation of (IV).—5 G. of material were twice methylated with Purdie’s reagents, 4 g. 
of an uncrystallisable glass being finally obtained. This approximated in composition to a 
tribenzoyl dimethyl hexose (Found: OCH;, 11-4; CO-C,H,, 58-9%). On debenzoylation by 
Zemplén’s procedure, a syrup was obtained which partly crystallised. The crystals (Found : 
OCH;, 29-8. Calc. for C,H,,0,: OCH;, 29-6%), on recrystallisation from ethyl acetate, had 
m. p. 132—133°, not depressed on admixture with an authentic specimen of 2-methyl 6-methyl- 
galactoside (m. p. 131—132°). In water, [a]}8° was + 1-2° (c = 1-5); Oldham and Bell found 
[a]p + 1-69°. 

The syrupy residue could not be shown to contain any isomeric methyl methylgalactosides. 
Treatment with acid—acetone yielded a small amount of crystalline 3 : 4-monoacetone 2-methyl 
f-methylgalactoside (Oldham and Bell), and the residues from this gave some galactosazone 
after appropriate hydrolytic treatment. 

2-p-Toluenesulphonyl 3 : 4-isoPropylidene 6-Trityl ®-Methylgalactoside (VI).—10-5 G. of 
monoacetone $-methylgalactoside were treated with trityl chloride in pyridine according to 
Bell and Williamson (loc. cit.). The crude product (25 g.) was dissolved in 100 ml. of dry 
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pyridine, 12 g. of p-toluenesulphony] chloride added, and the whole kept at 38° for 48 hrs. The 
reaction mixture was then poured into dilute sodium hydroxide, and the gum which separated 
was stirred until solid. The crude product was dissolved in acetone and precipitated with 
dilute ammonia. The precipitate was crystallised from alcohol containing a little acetone. 
Yield, 26 g. of needles, m, p. 163—164°, [a]? — 8-4° (c = 2-6) (Found; C, 68-4: H, 5-9; 
OCH;,, 5:3; S, 5:3. C3,H3;,0,S requires C, 68-5; H, 6-0; OCH, 5-0; S, 5-1%). 

2-p-Toluenesulphonyl -Methylgalactoside (VII).—3-5 G. of (V) were dissolved in a mixture 
of 100 ml. of acetone, 22 ml. of water, and 3-3 ml. of n-hydrochloric acid, the whole heated to 
100° and the course of the reaction followed polarimetrically. The observed change in @ was 
very small; after 220 minutes (« constant) the acid was neutralised with barium carbonate and 
the solution filtered. On washing the residue with acetone, some barium chloride separated 
from the filtrate; this was filtered off. Water was added to the filtrate to make the total 
volume up to about 80 ml., and the trityl carbinol which separated was removed by filtration 
through charcoal, The residue from evaporation of the filtrate. was extracted with hot ethyl 
acetate; on concentration of the solution thus obtained, 1-2 g. of crystals separated. After 
recrystallisation from ethyl acetate—light petroleum (b. p. 60°), 1-1 g. of prisms were obtained, 
m. p. 143—144°, [«]?° (in alcohol) — 23-7° (c = 4-8) (Found: C, 48-4; H,5-7; S, 8-9; OCHs, 
9-4. C,,4H,O,S requires C, 48-3; H, 5-8; S, 9-2; OCH;, 8-9%). 

3:4: 6-Tribenzoyl 2-p-Toluenesulphonyl 8-Methylgalactoside (VIII).—1-2 G. of (VII) were 
dissolved in the minimum of dry pyridine, cooled, and 3 ml. of benzoyl chloride added. After being 
kept at 38° for 72 hours the product was isolated from a washed benzene solution in the usual way 
and crystallised from alcohol. 2-5 G. of needles were obtained, m. p. 143—144°, [«]]®° + 45-5° 
(c = 5) (Found: C, 63-4; H, 5-0; S, 4-8; OCH, 4:9. C,;H;,0,,S requires C, 63-6; H, 4:8; 
S, 4:8; OCH;, 4:7%). 


The authors are indebted to the Department of Scientific and Industrial Research for a 
Maintenance Grant, and to Trinity Hall for a Research Studentship (awarded to J. S. D. B.); 
also to the Carnegie Trust for a Teaching Fellowship, and to the Medical Research Council for an 
expenses grant (held by H. W. K.). 
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264. Aluminium Chloride, a New Reagent for the Condensation of 8- 
Ketonic Esters with Phenols. Part IV. The Condensation of 4-Acyl- 
resorcinols with Ethyl Acetoacetate. 


By C. V. DELIWALA and N. M. SHAH. 


In continuation of Parts I, II, and III (J., 1938, 228, 1066, 1424), 4-acylresorcinols 
have been condensed with ethyl acetoacetate in presence of aluminium chloride. In 
all cases, 5-hydroxy-6-acylcoumarin derivatives have been obtained, the reaction 
proceeding similarly to that of resacetophenone (see Part I). 


THE work described in Parts I and III (locc. cit.) has been extended to the condensation 
of ethyl acetoacetate with various 4-acylresorcinols, viz., respropiophenone, resbutyro- 
phenone, 2 : 4-dihydroxyphenyl benzyl ketone, and 4-f-toluoylresorcinol. 

Condensation of Respropiophenone.—Anhydrous respropiophenone on condensation with 
ethyl acetoacetate in presence of aluminium chloride similarly to resacetophenone (Part I, 
loc. cit.) gave 5-hydroxy-6-propionyl-4-methylcoumarin (I; R = Me), m. p. 164—165°. 
Its constitution is established by the facts that (i) it was identical with the product of the 
Fries transformation of 5-propionoxy-4-methylcoumarin prepared from 5-hydroxy-4-methyl- 
coumarin (Part I), and (ii) on acetylation with sodium acetate and acetic anhydride, 
it gave 2’: 3’: 4-trimethylchromono-7’ : 8’ : 6: 6-«-pyrone (II; R = Me). Clemmensen 
reduction of (I) gave 5-hydroxy-4-methyl-6-propylcoumarin (III; R = Me). 

Condensation of Resbutyrophenone.—This condensation proceeded readily; the product 
is proved to be 5-hydroxy-6-butyryl-4-methylcoumarin (I; R=Et) by analogy with 
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previous condensations and on the following grounds: (i) it is identical with the Fries 
transformation product of 5-butyroxy-4-methylcoumarin prepared from 5-hydroxy-4- 
methylcoumarin (loc. cit.), and (ii) on Kostanecki acetylation, it afforded 4 : 2’-dimethyl-3'- 
ethylchromono-7' : 8’ : 6: 5-a-pyrone (II; R= Et). On Clemmensen reduction it gave 
5-hydroxy-4-methyl-6-butylcoumarin (III; R = Et). 
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Condensation of 2: 4-Dihydroxyphenyl Benzyl Ketone.—The condensation product of 
this ketone and ethyl acetoacetate in presence of aluminium chloride, on grounds similar 
to those of previous cases, is assigned the constitution 5-hydroxy-6-phenylacetyl-4-methyl- 
coumarin (I; R=Ph); on Kostanecki acetylation it gave 3’-phenyl-4 : 2'-dimethyl- 
chromono-7' : 8’ : 6 : 5-«-pyrone (II; R = Ph), but acetylation by means of acetic an- 
hydride in pyridine solution gave only a diacetyl derivative, possibly by the enolisation 
of the -CO-CH,Ph group. 

Condensation of 4-p-Toluoylresorcinol_—The product in this case was 5-hydroxy-6-(p- 
toluoyl)-4-methylcoumarin (1; CH,R = ~-C,H,Me), which on Kostanecki acetylation gave 
4’-(p-tolyl)-4-methylcoumarino-7’ : 8’ : 6 : 5-«-pyrone (IV). 

It was pointed out in Part I (loc. cit.) that resacetophenone does not condense with ethyl 
acetoacetate in presence of sulphuric acid, and the same applies to the 4-acylresorcinols 
now described. The corresponding 2-acylresorcinols, however, condense with ethyl 
acetoacetate even in presence of sulphuric acid (Shah and Shah, J., 1938, 1425; Limaye 
and Shenolikar, Rasayanam, 1937, p. 99), and the greater reactivity of 2- than of 4-nitro- 
resorcinol has been noticed by Chakravarti (J. Indian Chem. Soc., 1937, 14, 37). The re- 
activity of 4-acylresorcinols is thus brought out only in presence of aluminium chloride 
which has therefore a specific action in effecting condensation in the otherwise very in- 
accessible 2-position of the resorcinol molecule. Desai and Ekhlas (Proc. Indian Acad. Sci., 
1938, 8, A, 567) have recently condensed certain 4-acylresorcinols with ethyl acetoacetate 
in presence of phosphorus oxychloride, obtaining 7-hydroxy-6-acylcoumarin derivatives. 

During attempts to benzoylate 5-hydroxy-6-acylcoumarin derivatives by means of 
benzoyl chloride in pyridine solution, the expected products were not obtained, and this 
matter is being investigated. 


EXPERIMENTAL. 


Condensation of Respropiophenone with Ethyl Acetoacetate.—Anhydrous respropiophenone 
(4-2 g.; 1 mol.) and ethyl acetoacetate (3-25 g.; 1 mol.) were dissolved in dry nitrobenzene and 
added to a solution of anhydrous aluminium chloride (6-7 g.; 2 mols.: more or less than 2 
mols. decreased the yield) in dry nitrobenzene (35 c.c.). The mixture (protected from moisture 
by a calcium chloride guard-tube) was heated at 120—130° until evolution of hydrogen chloride 
was negligible (ca. 1 hour); it was then cooled, ice and concentrated hydrochloric acid (15 c.c.) 
added, and the nitrobenzene steam-distilled off. The brown residue solidified on cooling; 
it was collected, and decolorised by washing with a small quantity of alcohol. Crystallisation 
from alcohol gave fine silky needles (2 g.), m. p. 164—165° (Found : C, 67-1; H, 5:2. C,3H4,0, 
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requires C, 67:2; H, 52%). 5-Hydroxy-6-propionyl-4-methylcoumarin (I; R = Me) is soluble 
in chloroform, sparingly so in benzene, alcohol, and acetic acid, and insoluble in light petroleum. 
It dissolves in alkali with a deep yellow non-fluorescent colour characteristic of a 5-hydroxy- 
coumarin derivative (Collie and Chrystall, J., 1907, 91, 1804; Dey, J., 1915, 107, 1614, 1621), 
and gives a deep reddish-brown coloration with alcoholic ferric chloride. 

The acetyl derivative, prepared by means of acetic anhydride in pyridine, crystallised from 
alcohol in needles, m. p. 167—168° (Found: C, 65-65; H, 5:35. C,;H,,O, requires C, 65-7; 
H, 5:1%). The oxime crystallised from acetic acid in needles, m. p. 257—258° (Found : 
N, 5°7. Cy3H,;0,N requires N, 5-7%). 

Fries Transformation of 5-Propionoxy-4-methylcoumarin.—5-Hydroxy-4-methylcoumarin 
(Part I, loc. cit.) was heated with propionyl chloride for about 10 hours, the temperature being 
slowly raised after some hours to 120°. The cooled mixture was poured into water, the solid 
collected, washed with dilute sodium carbonate solution and then with water, and crystallised 
from alcohol; m. p. 100—101° (Found : C, 67-2; H, 5-2. C,,;H,,0, requires C, 67-2; H, 5-2%). 
This propionyl derivative (0-5 g.) and aluminium chloride (2-5 g.) were intimately mixed and 
heated at 120—130° for about 2 hours; the solid that separated on cooling, and addition of 
ice-water and concentrated hydrochloric acid was collected, and twice crystallised from alcohol ; 
m. p. 164°, alone or mixed with the condensation product (I; R = Me), with which it was 
identical in all respects. 

2’ : 3’ : 4-Trimethylchromono-7' : 8’ : 6 : 5-a-pyrone (II; R = Me).—5-Hydroxy-6-propiony]l- 
4-methylcoumarin (1 g.), acetic anhydride (20 c.c.), and anhydrous sodium acetate (3 g.) were 
heated at 160—170° for 10—11 hours; the mixture was cooled, poured into cold water, and 
the separated solid washed with dilute sodium hydroxide solution and finally with water. 
On crystallisation from alcohol, it gave needles, m. p. 241—242°, of the chromono-pyrone (II; 
R = Me), which does not give a ferric chloride test and is insoluble in alkali (Found: C, 702; 
H, 4:7. C,sH,,0, requires C, 70-3; H, 47%). 

5-Hydroxy-4-methyl-6-propylcoumarin (II; R = Me).—The coumarin (I; R= Me), dis- 
solved in alcohol, was added to a mixture of zinc amalgam (prepared from 12 g. of zinc dust; 
Robinson and Shah, J., 1934, 1497) and hydrochloric acid (30 c.c.) and heated on the water- 
bath for 2 hours, 5 c.c. more of acid being added after one hour. The filtrate from the un- 
changed amalgam on cooling deposited fine needles, which crystallised from acetic acid in clusters 
of long needles, m. p. 152° (Found: C, 70-9; H, 6-6. C,,;H,,0O, requires C, 71-55; H, 6-4%). 
It did not give a ferric chloride colour, but dissolved in alkali with a deep yellow colour without 
fluorescence. 

Condensation of Resbutyrophenone with Ethyl Acetoacetate—Resbutyrophenone (3 g.; 1 mol.) 
and ethyl acetoacetate (2-5 g.; 1 mol.) were added to a solution of aluminium chloride (5-0 g. ; 
2 mols.) in dry nitrobenzene (25 c.c.) and the mixture treated as in the first condensation. 
The decolorised product crystallised from alcohol in prismatic needles (1-5 g.), m. p. 141—142° 
(Found: C, 684; H, 5-7. C,gH,,O, requires C, 68-3; H, 5-7%). 5-Hydroxy-6-butyryl-4- 
methylcoumarin (I; R = Et) is soluble in chloroform, hot acetic acid, and benzene, sparingly 
so in alcohols, and insoluble in light petroleum. It gives with alkali a deep yellow colour without 
fluorescence and with alcoholic ferric chloride develops a deep red colour. The acetyl derivative 
crystallised from alcohol in white needles, m. p. 167° (Found: C, 66-4; H, 5-5. C,.H,,0O; 
requires C, 66-7; H, 5-6%). The methyl ether, prepared by the methyl iodide—acetone—potas- 
sium carbonate method (24 hours’ refluxing), crystallised from dilute alcohol in prismatic 
plates, m. p. 83—84° (Found: C, 69-4; H, 6-2. C,,;H,,O, requires C, 69-2; H, 6-15%). The 
oxime, crystallised from acetic acid, had m. p. 210° (Found: N, 4-75. C,,H,,0,N requires 
N, 54%). 

Fries Transformation of 5-Butyroxy-4-methylcoumarin.—This compound was prepared by 
refluxing 5-hydroxy-4-methylcoumarin (0-5 g.) with butyric anhydride (4 c.c.) and pyridine 
(2 c.c.) for 3 hours. The solid obtained on pouring the cooled mass into water was collected 
and crystallised from dilute alcohol, forming long needles, m. p. 100—101° (Found: C, 
68-4; H, 5-9. C,,H,,O, requires C, 68-3; H, 5-7%). This derivative was isomerised by means 
of aluminium chloride as above; the product crystallised from alcohol in prismatic needles, 
m. p. 140°, alone or mixed with the condensation product (I; R = Et). 

4 : 2’-Dimethyl-3'-ethylchromono-7’ : 8’ : 6 : 5-a-pyrone (II; R = Et).—5-Hydroxy-6-butyryl- 
4-methylcoumarin was treated with acetic anhydride, etc., as described above. The 
chromonopyrone crystallised from alcohol as fine, light, silky needles, m. p. 201—202° (Found : 
C, 71-5; H, 5-4. C,.H,,O, requires C, 71-1; H, 5-2%), insoluble in alkali and giving no ferric 
chloride colour. 
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5-Hydroxy-4-methyl-6-butylcoumarin (III; R = Et).—The coumarin (I; R = Et) (1 g.) in 
alcoholic solution was reduced with zinc amalgam and diluted hydrochloric acid (30 c.c.; 1: 1) 
and heated on the water-bath for an hour. The filtrate from the unchanged amalgam was 
cooled, and the resulting fine needles were crystallised from dilute acetic acid; m. p. 145—146° 
(Found: C, 72-25; H, 6-9. C,,H,,0O, requires C, 72-4; H, 6-9%). The coumarin dissolves 
in alkali with a deep yellow colour and gives no ferric chloride colour. 

Condensation of 2: 4-Dihydroxyphenyl Benzyl Ketone with Ethyl Acetoacetate——The ketone 
(Chapman and Stephen, J., 1923, 128, 404) (2-3 g.; 1 mol.) and ethyl acetoacetate (1-3 g.; 
1 mol.) were added to a solution of aluminium chloride (2-7 g.; 2 mols.) in dry nitrobenzene 
(35 c.c.), heated at 130—140° for an hour, and worked up as before. The decolorised product 
crysta'lised from alcohol as fine slim needles (1-25 g.), m. p. 172—173° (Found: C, 73-4; 
H, 5-0. C,,H,,0, requires C, 73-5; H, 48%). 5-Hydroxy-6-phenylacetyl-4-methylcoumarin is 
soluble in benzene, sparingly so in acetic acid and alcohols, and insoluble in light petroleum. 
It gives a strong ferric chloride colour reaction and turns deep yellow in alkalis, in which it 
is sparingly soluble. The acetyl derivative, crystallised from alcohol, had m. p. 142° (Found : 
C, 69-75; H, 4:9. C,.H,,0, requires C, 69-8; H, 4:8%). The methyl ether melted at 78—79° 
(Found: C, 73-7; H, 5-5. C,9H,.O, requires C, 74-0; H, 5-2%), and the oxime at 257° (Found : 
N, 4:6. C,,H,,0,N requires N, 4-5%). 

3’-Phenyl-4 : 2'-dimethylchromono-T7' : 8" : 6 : 5-a-pyrone (II; R = Ph).—The condensation 
product (I; R = Ph) (0-5 g.), anhydrous sodium acetate (1-5 g.), and acetic anhydride (10 g.) 
were heated at 170—175° for nearly 30 hours, more acetic anhydride (2 c.c.) being added 
every eight hours. When the cooled mixture was poured into water, an oil separated which 
soon solidified. It was collected, washed, and crystallised from alcohol; white needles, m. p. 
237—238° (Found: C, 75-4; H, 46. C,9H,,0O, requires C, 75-5; H, 44%). 

Condensation of 4-p-Toluoylresorcinol with Ethyl Acetoacetate——The resorcinol (Limaye and 
Shenolikar, Rasayanam, 1937, p. 98; 1°15 g.; 1 mol.) and ethyl acetoacetate (0-6; 1 mol.) 
were added to a solution of aluminium chloride (1-35 g.) in dry nitrobenzene (15 c.c.) and the 
mixture heated at 115—120°; after treatment as before, it afforded yellowish lustrous needles 
(0-8 g.) from alcohol, m. p. 204—205° (after shrinking) (Found: C, 73-6; H, 5-0. C,,H,,0, 
requires C, 73-5; H, 4:8%). The coumarin is soluble in hot acetic acid, sparingly so in 
alcohols, and insoluble in light petroleum. It gives a reddish-brown colour with alcoholic 
ferric chloride, and turns yellow with alkali, in which it is very sparingly soluble. The 
acetyl derivative crystallised from alcohol in needles, m. p. 192—193° (Found: C, 71-4; H, 4-6. 
C,5H;,0, requires C, 71-4; H, 48%). 

4'-p-Tolyl-4-methylcoumarino-7' : 8’ : 6 : 5-a-pyrone (IV).—The condensation product (0-5 g.), 
anhydrous sodium acetate (1-5 g.), and acetic anhydride (10 c.c.) were refluxed for more 
than 38 hours at 200°. After being worked up as before, the product was crystallised from 
alcohol; m. p. 238—239° (Found: C, 74:8; H, 4:5. C,9H,,O, requires C, 75-5; H, 44%). 
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All the analyses recorded are microanalyses by Dr. A. Schoeller. 
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265. Some Amidines and Amidoximes with Trypanocidal Activity. 
By I. D. Lams and A. C. WHITE. 


A series of alkylenediamidoximes and diamidoximes of diphenyl, diphenylmethane, 
dibenzyl, stilbene, and dibenzyl sulphide have been prepared. Some new alkylene- 
amidines are also described. The trypanocidal activity of these compounds has been 
investigated. 


It was shown by King, Lourie, and Yorke (Lancet, 1937, 233, 1360; Ann. Trop. Med. 
Parasit., 1938, 32, No. 2, 177) that long-chain alkylene-dissothioureas, -diguanidines, or 
-diamidines had a curative action against mouse trypanosomiasis. For the diisothioureas 
the maximum activity was found in the substance with six methylene groups, for the 
4N 
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diguanidines it occurred with from 10 to 14 methylene groups, and for the diamidines with 
11 methylene groups. They also found that activity was shown by the p’-diguanidino- 
or -diamidino-derivatives of diphenylmethane. 

An analogous series of alkylenediamidoximes (I) has been prepared in which % is 
5, 7, 9, 10, 11, or 13, and also the diamidoximes derived from diphenyl, diphenylmethane, 
dibenzyl (II; = 2), and stilbene. 


NH,°C(:NOH)-[CHg],°C(;NOH)-NH, NH,°C(:NOH):C,H,*[CH,],°CgsH,°C(;NOH)-NH, 
(I.) (II.) 


The higher members of the long-chain series, where n is 10, 11, or 13, have considerable 
activity against experimental mouse trypanosomiasis (T. eguiperdum).* Control injections 
of undecanediamidine dihydrochloride in doses of 0-05 and 0-1 mg. per 20 g. of mouse 
intravenously and 0-2 and 0-1 mg. per 20 g. of mouse per os were found to be very effective 
in curing our mice. One experiment where the decane-, undecane-, and tridecane-dicar- 
bonamidoximes and undecanediamidine dihydrochloride were reinjected in the same doses 
whenever the infection reappeared after the preliminary dose of the drug showed that 
the diamidine compound was the most active on both oral and intravenous administration ; 
this was closely followed by the undecanedicarbonamidoxime, and then successively by 
the decane- and the tridecane-dicarbonamidoxime. The comparison was only a rough one 
as we used small numbers of mice. The last compounds were of a similar order of toxicity 
to undecanediamidine dihydrochloride. Where » = 9 the compound showed only a slight 
activity, and where = 7 or 5 the compounds were inactive in doses similar to the control 
undecanediamidine dosage. 

These compounds were prepared by Tiemann’s method by the action of hydroxylamine 
on the corresponding nitriles in aqueous alcohol (Ber., 1884, 17, 126). The alkylene- 
diamidoximes derived from succinic and glutaric acids had been made by Sembritzki (Ber., 
1889, 22, 2958) and by Biedermann (idid., p. 2967) by this method. The reaction goes 
readily with the higher homologues (7 = 10—13) and also with the lowest one (m = 5). 
In the compounds where » = 7, 8, or 9 the yields were poor and the products difficult to 
purify. In some cases l-amidoximes-«-nitriles, l-amidoximes-w-amides and 1l-amide-w- 
nitriles were isolated as by-products. Of these, 1-cyanoundecane-11-carbonamidoxime 
hydrochloride in doses of 0-2 mg. intravenously and 2-0 mg. orally, 1-cyano-13-carbon- 
amidoximetridecane hydrochloride 0-4 mg. intravenously, and undecane-1-carbonamide-11- 
carbonamidoxime hydrochloride 0-4 mg. intravenously, all per 20 g. of mouse, were inactive. 
The alkylenediamidoximes are not so strongly basic as the corresponding diamidines, but 
form stable dihydrochlorides which are usually readily soluble in water. 

Diacetyldecane-1 : 10-dicarbonamidoxime has somewhat less activity than the parent 
substance. Diphenylmethane-4 : 4'-dicarbonamidoxime dihydrochloride shows a slight 
activity in doses of 0-1 mg. per 20 g. intravenously, whereas diphenyl-4 : 4'-dicarbon- 
amidoxime dihydrochloride is inactive in doses of 0-1 mg. per 20 g. intravenously, but slightly 
active orally in doses of 0-2 g. per 20 g. Dibenzyl-4 : 4'-dicarbonamidoxime dihydrochloride 
is not quite so active as undecanediamidine dihydrochloride at similar dosage levels : 
it is slightly less toxic but is better than dibenzyl sulphide-4 : 4'-dicarbonamidoxime dihydro- 
chloride which is but moderately active and is more toxic. Stilbene-4 : 4’-dicarbon- 
amidoxime dihydrochloride is also less active than undecanediamidine dihydrochloride but 
more active than the dibenzyl sulphide compound, and approximately as toxic as dibenzyl- 
4 : 4’-dicarbonamidoxime dihydrochloride. 

A few new diamidines have also been prepared. Decane-1 : 4-dicarbonamidine dihydro- 
chloride was practically inactive in doses of 0-1 mg. per 20 g. intravenously and 0-2 mg. 
per 20 g. orally. This confirms the theory that with this type of substance a long chain of 
methylene groups is necessary for trypanocidal activity, since the isomeric decane-1 : 10- 
dicarbonamidine has been shown by King, Lourie, and Yorke (loc. cit.) and confirmed by us 
to have considerable activity. The chemical properties and analyses of undecane-, 
tridecane-, and tetradecane-dicarbonamidine are included since they are not given by King, 


* A, C. White is responsible for the animal experiments. 
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Lourie, and Yorke, who, however, examined them for trypanocidal activity. Easson and 
Pyman (J., 1931, 2991) prepared the picrate of undecane-1 : 11-dicarbonamidine.* Dia- 
mides, amide-nitriles, and amidine-nitriles, isolated as by-products, are described. One of 
these, tridecane-1-carbonamide-13-carbonamidine hydrochloride was inactive in doses of 
2-0 mg. per 20 g. orally. Tetradecanemonocarbonamidine hydrochloride was inactive in 
doses of 2 mg. per 20 g. of mouse by mouth. 

Substitution of the nitrogen atoms in decanedicarbonamidine by phenyl or cyclohexyl 
destroys its activity. Decanebis-(NN'-diphenylcarbonamidine) and decanebts-(N-cyclo- 
hexylearbonamidine) dihydrochloride were inactive in doses of 0-4 mg. intravenously or 
2-0 mg. orally per 20 g. of mouse. 

A cyclic diamidine, 1 : 10-bis-(4 : 5-dihydro-2-glyoxalinyl)decane was prepared and found 
to be inactive in doses of 0-4 mg. per 20 g. intravenously and 0-5 mg. per 20 g. by mouth. 
This agrees with the results of Sharp (J., 1938, 1191) who prepared a number of cyclic 
amidines derived from 2-aminopyridine, which were found to be inactive. On the other 
hand, King, Lourie, and Yorke (loc. cit.) found that 1 : 10-bis-(4-methyl-2-glyoxaliny])- 
decane had considerable activity. 


EXPERIMENTAL. 

The amidoximes were prepared by mixing the appropriate dinitrile (0-025 mol.) in alcohol 
(20 c.c.) with hydroxylamine hydrochloride (7-0 g.). To the cold solution, sodium (2-3 g.) in 
alcohol (60 c.c.) was added gradually with shaking. The mixture was heated in a pressure 
bottle at 60° for 20—30 hours. After cooling, sodium chloride was filtered off and the solution 
concentrated. In some cases the diamidoxime crystallised out and was purified by recrystallis- 
ation from alcohol. In others, an oilseparated. This was mixed with water and neutralised with 
hydrochloric acid. Unchanged dinitrile was removed by extraction with ether, and the neutral 
aqueous solution was concentrated until the cyano-amide crystallised out. From the mother- 
liquor the cyano-amidoxime and the diamidoxime were precipitated by sodium carbonate and 
separated by crystallisation from alcohol or ethyl acetate. Apart from pentanedicarbon- 
amidoxime, the diamideximes are sparingly soluble in water. The m. p.’s are not corrected. 
For analysis, the substances were in most cases dried at 100° in a vacuum. 

Pentane-1 : 5-dicarbonamidoxime separates from methyl alcohol in plates, m. p. 142—144° 
(Found: C, 44-8; H, 84; N, 29-8. C,H,,0,N, requires C, 44:7; H, 8-6; N, 29-8%). The 
dihydrochloride crystallises from alcohol-ether in irregular plates, m. p. 150—155° (Found : 
C, 32-2; H, 7-1; N, 21-4; Cl, 27-2. C,H,,0O,N,,2HCl requires C, 32-2; H, 6-9; N, 21-5; Cl, 
27-2%). 

Heptane-1 : 7-dicarbonamidoxime separates from alcohol in small leaflets, m. p. 156° (Found : 
C, 50-3; H, 9-2; N, 25-7. C,yH,.,O,N, requires C, 50-0; H, 9-3; N, 259%). Nonane-1 : 9- 
dicarbonamidoxime crystallises from methyl alcohol in small plates, m. p. 167° (Found: C, 
54:0; H, 9-7; N, 22-9. C,,H,,O,N, requires C, 54:1; H, 9-9; N, 22-9%). Decane-1: 10- 
dicarbonamidoxime forms plates from alcohol, m. p. 184—186° (decomp.) (Found: C, 56-0; 
H, 10-1; N, 21-6. C,,H,,0,N, requires C, 55-8; H, 10-1; N, 21-7%). The dihydrochloride 
crystallises from acetone—alcohol, m. p. 149—158° (Found: C, 43-7; H, 8-5; N, 16-7; Cl, 
21-5. Cy.H,,0,N,,2HCl requires C, 43-5; H, 8-5; N, 16-9; Cl, 21-4%). The diacetyl derivative, 
m. p. 129°, prepared by the action of acetic anhydride, crystallises from alcohol. It is deacetyl- 
ated by the action of cold dilute hydrochloric acid (Found: C, 56-0; H, 8-8; N, 16-2. 
C,gHggO,N, requires C, 56-1; H, 8-8; N, 164%). 

Undecane-1 : 11-dicarbonamidoxime separates from methyl alcohol in small plates, m. p. 
166° (Found: C, 57-2; H, 10-4; N, 20-0. C,,H,,0,N, requires C, 57-3; H, 10-4; N, 20-6%). 
The dihydrochloride crystallises from acetone—methyl alcohol, m. p. 178° (Found: C, 45-0; 
H, 8-7; N, 16-1; Cl, 20-5. C,,;H,gO,N,,2HCI requires C, 45-2; H, 8-8; N, 16-2; Cl, 20-5%). 

Undecane-1-carbonamide-11-carbonamidoxime separates from ethyl acetate in rosettes of 
needles, m. p. 157—158° (Found: C, 60-6; H, 10-6; N, 16-1. C,,;H,,O,N, requires C, 60-7; 
H, 10-6; N, 16-3). The hydrochloride crystallises from water, m. p. 144° (Found: Cl, 12-5. 
C,3H,,O,N;,HCl requires Cl, 12-1%). Umndecane-1-carbonitrile-11-carbonamidoxime crystallises 
from methyl alcohol, m. p. 87—88° (Found: C, 64:9; H, 10-2; N, 17-4. C,,;H,,ON, requires 

* Easson and Pyman (loc. cit.) and King, Lourie, and Yorke (loc. cit.) refer to this substance which 
contains a total of 13 carbon atoms as undecane-1 : 1l-diamidine. According to the report on organic 
nomenclature (J., 1931, 1612), this name should refer to the substance containing a total of 11 carbon 


atoms. 
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C, 65:2; H, 10-5; N, 17-6%), and its hydrochloride from acetone, m. p. 84° (Found: C, 56-0; 
H, 9-4; N, 15-1; Cl, 13-2. C,,;H,;ON;,HCl requires C, 56-6; H, 9-5; N, 15-2; Cl, 129%). 
Tridecane-1 : 13-dicarbonamidoxime separates from alcohol in plates, m. p. 170° (Found: C, 
59-5; H, 10-7; N, 17-9. C,;H3,0,N, requires C, 60-0; H, 10-7; N, 18-6%); its dihydrochloride 
crystallises from acetone—alcohol, m. p. 158—160° (Found: C, 48-2; H, 9-2; N, 15-0; Cl, 19-3. 
C,;H;,0,N,,2HCl requires C, 48-2; H, 9-2; N, 15-0; Cl, 190%). Tvidecane-1-carbonitrile-13- 
carbonamidoxime crystallises from alcohol in small needles, m. p. 98° (Found: C, 67-0; H, 
10-7; N, 15-2. C,H ON, requires C, 67-4; H, 10-9; N, 15-7%); the hydrochloride forms short, 
pointed prisms from acetone, m. p. 96° (Found: C, 59-2; H, 9-9; N, 13-8; Cl, 12-2. 
C,5HyON;,HCl requires C, 59-3; H, 9-9; N, 13-8; Cl, 11-7%). 

Diphenyl-4 : 4'-dicarbonamidoxime is precipitated by sodium carbonate from a solution of its 
hydrochloride as a white powder consisting of indefinite micro-crystals, m. p. 245° (decomp.). 
It is insoluble in the usual solvents (Found: C, 62-1; H, 5-2; N, 20-5. C,,H,,O,N, requires 
C, 62-2; H, 5-2; N, 20-7%). The dihydrochloride, crystallised by addition of acetone to the 
hot aqueous solution, forms small needles soluble in water; m. p. 290° (decomp.) (Found : 
C, 49-2; H, 48; N, 16-6; Cl, 21-1. C,,H,,O,N,,2HCl requires C, 49-0; H, 4:7; N, 16-3; 
Cl, 20-7%). Diphenylmethane-4 : 4'-dicarbonamidoxime separates from alcohol in colourless 
plates, m. p. 215°, after preliminary sintering (Found: C, 63-0; H, 5-6; N, 19-5. C,;H,,O.N, 
requires C, 63-4; H, 5-7; N, 19°7%). The dihydrochloride forms needles from dilute acetone, 
and decomposes at 220° (Found: Cl, 20-8. C,;H,.O,N,,2HCI requires Cl, 19-9%). Dibenzyl- 
4 : 4'-dicarbonamidoxime is insoluble in the usual solvents. It decomposes at about 243° (Found : 
C, 63-9; H, 5-6; N, 18-2. C,.H,,0,N, requires C, 64-4; H, 6-1; N, 18:8%). The dihydro- 
chloride forms pale yellow prisms from dilute hydrochloric acid (Found: C, 52-4; H, 5:3; N, 
14-7; Cl, 18-9. C,,H,,0,N,,2HCI requires C, 51-8; H, 5-4; N, 15-1; Cl, 191%). 

4: 4'-Dicyanostilbene—7-9 G. of 4: 4'-diaminostilbene (prepared from the high-melting 
dinitrostilbene) were diazotised, and the diazo-solution was added slowly with stirring to a hot 
solution of 9-4 g. of copper sulphate and 10 g. of potassium cyanide in 55 c.c. of water. After 
cooling, the precipitate was boiled with benzene, which extracted 3-0 g. of crude dinitrile. 
Recrystallised from benzene, it forms small orange leaflets which melt indefinitely at 278° after 
preliminary sintering (Found: C, 83-0; H, 4-4; N, 12-0. C,H, N, requires C, 83-4; H, 4-4; 
N, 12-2%). 

Shion-4 : 4’-dicarbonamidoxime forms plates from alcohol; m. p. >320° (decomp.) (Found : 
C, 64:2; H, 5-3; N, 18:2. C,.H,,O,N, requires C, 64-8; H, 5-4; N, 189%). The dihydro- 
chloride separates from dilute hydrochloric acid in needles. It chars at about 300° and is 
decomposed by water (Found: C, 51-9; H, 5-0; N, 14-9; Cl, 19-1. C,.H,,0,N,,2HCI requires 
C, 52:0; H, 4:9; N, 15-2; Cl, 19-2%). 

The amidines were prepared from the nitriles by way of the imino-ethers (Easson and Pyman, 
loc. cit.). 

Decane-\ : 4-dicarbonamidine dihydrochloride was prepared from crude «-n-hexyladiponitrile, 
obtained by way of the dibromo-compound from the crude cyclic ether resulting from the action 
of sulphuric acid on decamethylene glycol, which Franke and Kroupa have shown to be mainly 
the 1 : 4-derivative (Monatsh., 1930, 56, 347; 1933, 62, 119; 1937, 69, 167). The dihydrochloride 
crystallises from alcohol-acetone, m. p. 227—228° (decomp.) (Found: C, 48-2; H, 9-3; N, 
18-4; Cl, 23-7. C,,H,.N,,2HCl requires C, 48-2; H, 9-4; N, 18-7; Cl, 23-7%), and the picrate 
from acetic acid, m. p. 233°. 

Decane-1-carbonitrile-10-carbonamide was obtained as a by-product of the action of potassium 
cyanide on dibromodecane. It crystallised from ether—-methyl alcohol, m. p. 87° (Found : 
C, 68:7; H, 10-6; N, 13-0. C,,H,,ON, requires C, 68-5; H, 10-5; N, 133%). Decanebis- 
(NN’-diphenylcarbonamidine) crystallises from alcohol in pointed needles, m. p. 163—165° (Found: 
C, 81:2; H, 7:8; N, 10-3. C,,H,,N, requires C, 81-5; H, 80; N, 10-5%). Decanebis-(N- 
cyclohexylcarbonamidine) crystallises from alcohol-acetone in needles, m. p. 122° (Found : 
C, 73-7; H, 11:6; N, 141. CyHyN, requires C, 73-8; H, 11-9; N, 143%); its 
dihydrochloride separates from alcohol—acetone in indefinite plates, m. p. 273° (Found: C, 62-1; 
H, 10:2; N, 12-0; Cl, 15-4. C,,H,,N,,2HCl requires C, 62-2; H, 10-4; N, 12-1; Cl, 15-3%). 
Undecane-1-carbonitrile-11-carbonamide, obtained as a by-product of the action of potassium 
cyanide on dibromoundecane, crystallises from methyl alcohol, m. p. 101° (Found: C, 69-7; 
H, 10-8; N, 12:1. C,;H,gON, requires C, 69-6; H, 10:8; N, 12-5%). Undecane-1 : 11- 
dicarbonamidine dihydrochloride separates from alcohol-acetone, m. p. 150—151° (Found : 
C, 50-1; H, 97; N, 17-5; Cl, 22-9. Calc. for C,,H,,N,,2HCl: C, 49-8; H, 9-7; N, 17-9; 


Cl, 226%). 
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Tridecane-1-carbonitrile-13-carbonamide, obtained as a by-product during the preparation of 
the dinitrile, crystallises from alcohol, m. p. 103—104° (Found: C, 71:2; H, 11:0; N, 11-0. 
C,;H,,ON, requires C, 71-4; H, 11-2; N, 11-1%), and tridecane-1 : 13-dicarbonamidine dihydro- 
chloride from acetone—alcohol, m. p. 165—167° (Found : C, 52-4; H, 9-8; N, 16-1; Cl, 21-0. 
Calc. for C,;H,,.N,,2HCl: C, 52-8; H, 10-0; N, 16-4; Cl, 208%). The picrate separates from 
acetic acid, m. p. 190—191°. Tvidecane-1-carbonamide-13-carbonamidine hydrochloride is 
soluble in hot water, but sparingly so in cold, m. p. 164—165° (Found: C, 59-1; H, 10-2; N, 
13-5; Cl, 11-4. C,,;H;,ON;,HCl requires C, 59-1; H, 10-2; N, 13-8; Cl, 11-6%). 

Tridecane-1 : 13-dicarbonamide, obtained as a by-product during the preparation of tridecane 
dicarbonamidine, crystallises from alcohol; m. p. 176° (Found: C, 66-6; H, 10-9; N, 9-9. 
C,5H390,N, requires C, 66-6; H, 11:2; N, 10-4%). 

Tetvadecanemonocarbonamidine hydrochloride is sparingly soluble in cold, but readily so in 
hot water; m. p. 138°, after preliminary sintering (Found: C, 65-1; H, 11-7; N, 10-2; Cl, 
12:8. C,;H,,N,,HCl requires C, 65-1; H, 12-0; N, 10-1; Cl, 128%). The picrate crystallises 
from acetic acid, m. p. 166°. 

1: 10 -Bis-(4 : 5-dihydro-2-glyxalinyl)decane was prepared by heating the hydrochloride of 
decanedicarboniminoethyl ether with an alcoholic solution of ethylenediamine at 70° for 8 hours 
(cf. preparation of mono-4 : 5-dihydro-2-glyoxalinyl compounds from palmitic and stearic acids ; 
Bockmiihl and Knoll, B.P. 308,218). It crystallises from alcohol in plates, m. p. 181° (Found : 
C, 69-2; H, 10-7; N, 19-8. C,,H39N, requires C, 69-0; H, 10-9; N, 20-1%). The picrate 
forms plates from acetic acid, m. p. 223—224°, and the hydrochloride forms plates from acetone— 
methyl alcohol, m. p. 183° (Found: C, 54:1; H, 9-1; N, 15-6; Cl, 20-3. C,H; 9N,,2HCl 
requires C, 54:7; H, 9-1; N, 15-9; Cl, 20-2%). . 


We wish to thank Mr. S. T. Collins for assistance with the preparative work, and Messrs. A. 
Bennett and H. C. Clarke for the micro-analyses. 
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266. Rottlerin. Pari III. 
By THoMAs BACKHOUSE and ALEXANDER ROBERTSON. 


The condensation of 5 : 7-dihydroxy-2 : 2-dimethylchroman with acetonitrile and 
with 8-phenylpropionitrile by the method of Hoesch gave rise to pairs of isomeric 
ketones, (I, R = H) and (II, R = H) and (I, R = CH,Ph) and (II, R = CH,Ph) 
respectively, the orientations of which have been established. Interaction of the 
chroman with acetyl chloride in the presence of aluminium chloride gave only the 
ketone (I, R = H). 

Tetrahydrorottlerone is not identical with either (I, R = CH,Ph) or (II, R = 
CH,Ph). 


On the basis of the available analytical evidence it was suggested in Part II (J., 1938, 309; 
compare Brockmann and Maier, Annalen, 1938, 535, 149) that tetrahydrorottlerone had 
either formula (I, R = CH,Ph) or (II, R = CH,Ph), of which the former was preferred, 
and it seemed highly desirable that decisive synthetical evidence on this question should be 
obtained. 

Attempts to effect a synthesis of the dimethyl ether of (I, R = CH,Ph) by the action 
of §-phenylethylmagnesium bromide on 6-cyano-5 : 7-dimethoxy-2 : 2-dimethylchroman 
gave unsatisfactory results, but in the course of a study on the synthesis of ketonic deriv- 
atives of 5 : 7-dihydroxy-2 : 2-dimethylchroman it has been found that the condensation 
of the latter with acetonitrile according to the method of Hoesch gave rise to (II, R = H) 
along with smaller amounts of (I, R = H); the ketone (I, R = H) appears to be the only 
product formed by the condensation of the chroman with acetyl chloride by the Friedel- 
Crafts method. When acetonitrile was replaced by $-phenylpropionitrile in the Hoesch 
reaction, 5: 7-dihydroxy-6-8-phenylpropionyl- (I, R =CH,Ph) and 5: 7-dihydroxy-8-6- 
phenylpropionyl-2 : 2-dimethylchroman (II, R = CH,Ph) were obtained. These compounds 
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in some respects resembled tetrahydrorottlerone, but direct comparison showed that 
neither was identical with the natural derivative, a result which was confirmed by 
comparison of the respective dimethyl ethers. Consequently the structures suggested for 
rottlerone and its tetrahydro-derivative (Part II, Joc. cit.) can no longer be maintained. 


CH 
an 
_ 0 R:CH,:CO Ph-[CH,],*CO Me to 
_ HOY” ¢Mep = HON“ R,O Q ~ 
R-C H,°C J/g ." (Me, 
4. ‘ H 
OH CH, OH R Sg 
Me) “CH, 


(I.) (II.) (III.) (IV.) 


The orientation of the ketone (II, R = CH,Ph) depends on the following results : 
Unlike the isomeride (I, R = CH,Ph), the compound (II, R = CH,Ph) is readily soluble in 
1% aqueous sodium hydroxide, indicating that it contains a hydroxyl group in the 
p-position to the carbonyl group. On alkylation (II, R = CH,Ph) readily forms a mono- 
methyl (III, R = Me; R, =H) and a monobenzyl ether (III, R=CH,Ph; R, =H), 
which are insoluble in 19%, aqueous sodium hydroxide and give strong ferric reactions in 
alcohol, thus indicating that in these derivatives there is a free hydroxyl in the o-position 
to the carbonyl group. Methylation of (III; R = Me, R, = H) and (III; R = CH,Ph, 
R, = H) gave rise to the ethers (III; R = Me, Ry = Me) and (III; R = CH,Ph, R, = Me) 
respectively and on debenzylation by the catalytic method the last substance (III; R = 
CH,Ph, R, = Me) yielded the ether (III; R = H, R, = Me), which in agreement with the 
orientation assigned to it is readily soluble in dilute aqueous sodium hydroxide and has a 
negative ferric reaction. On the other hand the ketone (I, R = CH,Ph) does not appear 
to be very reactive towards methylating agents, but by the methyl sulphate—potassium 
carbonate method the dimethyl ether was obtained as an oil, conveniently characterised 
by the formation of the oxime. In this connexion it may be noted that, whilst two 
isomeric monomethy] ethers of the ketone (I, R = CH,Ph) are possible neither derivative 
would be expected to be easily soluble in dilute aqueous alkalis and both would give strong 
ferric reactions. 

By the procedure employed in the case of (II, R = CH,Ph) the ketone (II, R = H) gave 
rise to 7-hydroxy-5-methoxy-8-acetyl-2 : 2-dimethylchroman, which closely resembled (III; 
R = Me, R, = H) in its behaviour towards 1% aqueous sodium hydroxide and alcoholic 
ferric chloride and on condensation with ethyl acetate by means of sodium yielded 
7-hydroxy-5-methoxy-8-acetoacetyl-2 : 2-dimethylchroman, which on cyclisation in the 
usual manner gave rise to the chromano-y-pyrone (IV). The orientation of the ketone 
(II, R =H) is also supported by the fact that on condensation with benzaldehyde in 
alkaline solution it furnished 5 : 7-dihydroxy-8-cinnamoyl-2 : 2-dimethylchroman, which on 
hydrogenation readily yielded the ketone (II, R = CH,Ph). 


EXPERIMENTAL. 


Condensation of 5: 7-Dihydroxy-2 : 2-dimethylchroman with Acetonitrile-—A solution of the 
chroman (Robertson and co-workers, J., 1937, 285) (2 g.) and acetonitrile (1 g.) in absolute 
ether (75 c.c.) containing powdered zinc chloride (2 g.) was saturated with hydrogen chloride 
and 6 days later more ether (20 c.c.) was added, the solvent decanted, and the solid (wash with 
ether) hydrolysed with water (100 c.c.) on the steam-bath for } hour and then under reflux for 
4 hour, yielding a light brown oil which gradually solidified. The material, m. p. about 138°, 
obtained by crystallisation of this product from benzene appeared to be a mixture which could 
not be conveniently separated by crystallisation from solvents and was completely soluble in 
1% aqueous sodium hydroxide. Samples of the two ketones were obtained in the first instance 
by manual separation of the large crystals formed by slow crystallisation of the material, m. p. 
138°, from methyl alcohol, but the following method was ultimately found to be satisfactory. 
The crude reaction product from 2 g. of chroman was heated to boiling with benzene (15—20 
c.c.) on the steam-bath, the extract immediately decanted, and the residue crystallised from 
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benzene and then repeatedly from dilute methyl alcohol, yielding 5 : 7-dihydvoxy-6-acetyl-2 : 2- 
dimethylchroman (I, R = H) in straw-coloured squat prisms (0-21 g.), m. p. 229°, soluble in ethyl 
acetate or alcohol and having a purple-violet ferric reaction in alcohol (Found in material dried 
in a high vacuum at 80°: C, 66-0; H, 7-0. C,,;H,,O, requires C, 66-1; H, 6-8%). On being 
refluxed for 10 minutes, a solution of the ketone in alcoholic 2: 4-dinitrophenylhydrazine 
hydrochloride gave the 2: 4-dinitrophenylhydrazone, which separated from dilute alcohol in 
dark red needles, m. p. 227-5° (Found : N, 13-7. Cy 9H,,0,N, requires N, 13-5%). 

Evaporation of the benzene liquors from the purification of the foregoing ketone left a 
residue which on recrystallisation from a little methyl alcohol and then from aqueous methyl 
alcohol gave 5: 7-dihydroxy-8-acetyl-2 : 2-dimethylchroman (II, R =H) in clusters of pale 
yellow, elongated, rectangular prisms (1-3 g.), m. p. 150°, having a purple-violet ferric reaction 
in alcohol (Found in material dried in a high vacuum at 80°: C, 66-2; H, 69%). The 2: 4- 
dinitrophenylhydrazone formed red prisms, m. p. 228-5°, from dilute alcohol (Found : N, 13-1%). 

The ketone (I, R = H) was also formed when acetyl chloride (1-5 g.) was added dropwise 
to a solution of 5 : 7-dihydroxy-2 : 2-dimethylchroman (3-6 g.) and aluminium chloride (7 g.) in 
nitrobenzene (53 g.) maintained at room temperature, and the reaction mixture treated with 
ice 2 days later. After removal of the nitrobenzene with steam the compound was isolated 
from the residual liquor with ether and crystallised from benzene and then dilute alcohol 
(charcoal), forming pale yellow prisms, m. p. and mixed m. p. 229°. 

7-Hydroxy-5-methoxy-8-acetyl-2 : 2-dimethylchroman.—A mixture of 5 : 7-dihydroxy-8-acetyl- 
2 : 2-dimethylchroman (1 g.), potassium carbonate (2-5 g.), methyl iodide (2-2 c.c.), and acetone 
(30 c.c.) was refluxed for 1 hour, filtered (wash potassium salts with acetone), and evaporated 
in a vacuum. On being triturated with water and then crystallised from dilute alcohol, the 
resulting ether formed pale yellow, elongated, rectangular prisms, m. p. 78°, which gave a 
brownish-purple ferric reaction in alcohol [Found : C, 67-2; H, 7-2; OMe, 12-5. C,;H,,;0,;(OMe) 
requires C, 67:2; H, 7-3; OMe, 12-4%]. 

A solution of this ether (2 g.) in ethyl acetate (25 c.c.), containing sodium (2 g., in thin slices), 
was heated on the steam-bath for 5} hours; after 2} hours more sodium (2 g.) was added. 
After the addition of a little methyl alcohol to destroy traces of sodium the cooled mixture was 
diluted with excess of water and acidified with acetic acid. The resulting diketone, which 
separated from a small volume of light petroleum in short prisms, m. p. about 100°, could not be 
economically purified and was cyclised by being boiled with a mixture of alcohol (10 c.c.) and 
concentrated hydrochloric acid (0-5 c.c.) for 5 minutes. The alcoholic solution was diluted 
with water and next day the crystalline product was collected and thoroughly extracted with 
10% aqueous sodium hydroxide to remove traces of unchanged 7-hydroxy-5-methoxy-8- 
acetyl-2 : 2-dimethylchroman, washed, dried, and twice sublimed in a high vacuum at 135— 
140°, giving 5'-methoxy-2: 2’ : 2'-trimethylchromano-8' : 7' : 5 : 6~y-pyrone (IV) in colourless 
squat prisms which on recrystallisation from light petroleum (b. p. 60—80°) had m. p. 168° and 
had a negative ferric reaction [Found: C, 70-1; H, 6-6; OMe, 11-8. C,,;H,,0;(OMe) requires 
C, 70-1; H, 6-6; OMe, 11-3%]. Interaction of the chromone (0-15 g.) with excess of piperonal 
in alcoholic sodium ethoxide (from 10 c.c. of alcohol and 0-2 g. of sodium) in the water-bath 
for 2 hours gave the styryl derivative, which separated from the reaction mixture on the addition 
of water and formed pale straw-coloured needles, m. p. 224° with slight sintering at 215°, from 
dilute alcohol and then alcohol. 

5 : 7-Dihydroxy-8-cinnamoyl-2 : 2-dimethylchroman.—A solution of 5 : 7-dihydroxy-8-acetyl- 
2 : 2-dimethylchroman (1 g.) and benzaldehyde (1-5 g.) in alcohol (10 c.c.) was mixed with 50% 
aqueous potassium hydroxide, kept at 50° for 15 minutes and then at room temperature for 24 
hours, diluted with water, and acidified with acetic acid. The resulting oil gradually solidified 
on being triturated with water and, on-being crystallised from much light petroleum (b. p. 
80—100°) and then from benzene, gave the chalkone in orange-red prisms, m. p. 176—177°, 
soluble in alcohol, chloroform, or acetone and having a dark brown ferric reaction in alcohol 
(Found : C, 74:0; H, 6-2. C,,H,.O, requires C, 74-0; H, 6-2%). Concentration of the filtrates 
left on purifying this compound gave a small amount of unchanged acetochroman in addition toa 
little impure chalkone. 

Hydrogenation of the chalkone (0-5 g.), dissolved in alcohol (25 c.c.), with hydrogen (approx. 
1 mol. absorbed) and a palladium-—charcoal catalyst (from 1 g. of charcoal and 0-1 g. of palladium 
chloride) was complete in } hour, and gave an almost quantitative yield of 5 : 7-dihydroxy-8-B- 
phenylpropionyl-2 : 2-dimethylchroman (II, R = CH,Ph), which formed pale yellow plates, 
m. p. 172°, from aqueous alcohol, giving a purple-violet coloration with alcoholic ferric 
chloride (Found : C, 73-8; H, 7-0. Cg9H,,O, requires C, 73-6; H, 6-8%). 
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Interaction of the ketone (I, R = H) with benzaldehyde in alkaline solution invariably gave 
rise to a pale yellow, amorphous product which was insoluble in dilute aqueous sodium hydroxide. 

Condensation of §-Phenylpropionitrile and 6: '1-Dihydroxy-2 : 2-dimethylchroman.—Inter- 
action of the chroman (2 g.) and nitrile (Henley and Turner, J., 1931, 1183) (1-5 g.) in ether 
(100 c.c.) containing zinc chloride (3 g.) and excess of hydrogen chloride gave rise to a mixture 
of ketimine hydrochlorides, which was collected 6 days later, washed with ether, and hydrolysed 
with water (100 c.c.) on the water-bath for } hour and then under reflux for 4 hours. The 
product was thoroughly extracted with an excess of 1% aqueous sodium hydroxide, and the 
filtered extract acidified with dilute hydrochloric acid, giving 5: 7-dihydroxy-8-$-phenyl- 
propionyl-2 : 2-dimethylchroman, which separated from dilute alcohol in pale yellow plates 
(1-8 g.), m. p. 172°, identical with a specimen prepared from the foregoing chalkone (Found : 
C, 73-5; H, 69%). This ketone did not form a 2: 4-dinitrophenylhydrazone. Mixed with 
tetrahydrorottlerone, m. p. 173°, it melted at about 155°. 

Crystallised from dilute alcohol, the well-washed, alkali-insoluble solid gave 5 : 7-dithydroxy- 
6-B-phenylpropionyl-2 : 2-dimethylchroman in colourless needles (0-3 g.), m. p. 171°; this was 
soluble in benzene or methy] alcohol and gave a purple-violet ferric reaction in alcohol, but did 
not form a 2: 4-dinitrophenylhydrazone under the usual conditions (Found: C, 73-6; H, 
69%). Mixed with tetrahydrorottlerone, it melted at about 163°. Methylation of this ketone 


(0-5 g.) was effected with methyl sulphate (3 c.c.) and potassium carbonate (8 g.) in boiling 


acetone (38 c.c.) in the course of 9 hours; after 2 hours more sulphate (1-5 c.c.) and carbonate 


(2-5 g.) were added. The mixture was diluted with water (200 c.c.) and next day the product 
was isolated with ether as an oil, which would not crystallise or form a 2: 4-dinitrophenyl- 
hydrazone. A solution of the substance (0-4 g.) and hydroxylamine (0-4 g.) in pyridine (4 c.c.) 
was heated on the steam-bath for 10 hours, cooled, and diluted with water. On being triturated 
with dilute acetic acid and then with water, the resulting oxime of the dimethyl ether gradually 
solidified and then separated from aqueous alcohol in colourless prisms, m. p. 129-5° [Found : 
C, 71-6; H, 7:3; N, 4:1; OMe, 16-6. C,,H,,O,N(OMe), requires C, 71-5; H, 7-4; N, 3-8; OMe, 
16-8%]. 

7-Hydroxy-5-methoxy- (III; R=Me, R,=H) and 5-Hydroxy-7-methoxy-8-B-phenyl- 
propionyl-2 : 2-dimethylchroman (III; R= H, R, = Me).—A mixture of the ketone (II, 
R = CH,Ph) (1 g.), methyl iodide (0-4 c.c.), potassium carbonate (2 g.), and acetone (35 c.c.) 
was refluxed for 1 hour, the potassium salts (wash with acetone) removed by filtration, the 
filtrate evaporated in a vacuum, and the residue triturated with water. Crystallisation of the 
resulting solid (0°85 g.) from alcohol gave 7-hydroxy-5-methoxy-8-B-phenylpropionyl-2 : 2- 
dimethylchroman in colourless plates, m. p. 104°, insoluble in 1% aqueous sodium hydroxide and 
having a brownish-violet ferric reaction in alcohol [Found: C, 74:1; H, 7:0; OMe, 10-4. 
Cy 9H,,0;(OMe) requires C, 74-1; H, 7-1; OMe, 9-1%]. Attempts to cyclise this compound 
with sodium acetate and acetic anhydride or to condense it with ethyl acetate by means of 
sodium were unsuccessful. 

The corresponding benzyl ether (III; R = CH,Ph, R, = H) was similarly prepared from the 
ketone (1 g.), benzyl bromide (0-6 c.c.), and potassium carbonate (1-5 g.) in the course of 1} hours 
and formed colourless prisms (1-1 g.), m. p. 112—113°, from alcohol, insoluble in 1% aqueous 
sodium hydroxide and having a brownish-purple ferric reaction (Found: C, 77-8; H, 6:8. 
C,,H,,0, requires C, 77-8; H, 6-8%). 

Methylation of 7- -hydroxy-5-methoxy-8-$-phenylpropionyl-2 : 2-dimethylchroman (0-5 g.) 
with excess of methyl iodide and potassium carbonate in boiling acetone (30 c.c.) in the course 
of 20 hours gave 5 : 7-dimethoxy-8-8-phenylpropionyl-2 : 2-dimethylchroman, which separated from 
light petroleum (b. p. 40—60°) in colourless prisms (0-4 g.), m. p. 74° [Found: C, 74:5; H, 7-4; 
OMe, 17-4. Cy9H,O,(OMe), requires C, 74-5; H, 7-4; -OMe, 17-5%]. 

Methylation of the benzyl ether (1 g.) with excess of methyl iodide and potassium carbonate 
in boiling acetone (40 c.c.) was complete in about 20 hours and on isolation the product (III; 

=: CH,Ph, R, = Me) separated from aqueous alcohol and then light petroleum (b. p. 40— 
60°) in colourless needles (0-6 g.), m. p. 67-5°, having a negative ferric reaction in alcohol [Found : 
C, 78:1; H, 7-0; OMe, 9-1. C,,H,,0;(OMe) requires C, 78-1; H, 7-0; OMe, 7:2%]. Debenzyl- 
ation of this compound (1 g.), dissolved in acetic acid (50 c.c.), was effected with hydrogen 
(approx. 1 mol. absorbed) and a palladium—charcoal catalyst (from 1 g. of charcoal and 0-2 g. of 
palladium chloride) in the course of } hour and on isolation the resulting 5-hydroxy-7-methoxy-8- 
B-phenylpropionyl-2 : 2-dimethylchroman formed colourless plates (0-7 g.), m. p. 158°, readily 
soluble in dilute aqueous sodium hydroxide and having a negative ferric reaction (Found : 


C, 74-2: H, 7-1; OMe, 9-5%). 
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(With ALFRED B. PeErcivat.). 6-Cyano-5 : 7-dimethoxy-2 : 2-dimethylchroman.—Oximation 
of 5: 7-dimethoxy-6-formyl-2 : 2-dimethylchroman (Robertson and Subramaniam, J., 1937, 
286) with hydroxylamine in aqueous alcoholic sodium carbonate gave an almost theoretical 
yield of the oxime, which formed small prisms, m. p. 184°, from light petroleum (b. p. 60—80°) 
(Found: N, 5:4. C,,H,,O,N requires N, 5-3%). Dehydration of this compound (1 g.) with 
acetic anhydride (10 c.c.) during 1} hours on the steam-bath and subsequent decomposition of 
the excess of anhydride with water yielded the nitrile, which separated from alcohol in colour- 
less plates (0-65 g.), m. p. 126—127°, moderately soluble in benzene or ethyl acetate and 
sparingly soluble in light petroleum (Found: N, 5-8. C,,H,,O,N requires N, 5-7%). 


The authors are indebted to the Government Grants Committee of the Royal Society for 
a grant. 


UNIVERSITY OF LIVERPOOL. [Received, June 14th, 1939.] 





267. Picrotoxin. Part IV. 


By Ronatp W. H. O’DonNELL, ALEXANDER ROBERTSON, and (in part) JAMES C. HARLAND. 


An extensive investigation on the hydrogenation of picrotoxinin under a variety 
of conditions was undertaken and, whilst only «-dihydropicrotoxinin was obtained 
when a platinum catalyst was employed, the use of a palladium catalyst invariably 
gave a mixed product, the constituents of which appear to depend on the solvent. 

As tested by hydrogenation and ozonolysis methods, a- and 6-bromopicrotoxinin, 
the corresponding a- and $-bromopicrotoxinic acids, and B-picrotoxinic acid do not 
contain a double bond. On the other hand a-picrotoxinic acid has an ethylenic 
linkage present in an isopropylene system, since on ozonolysis it yields a product which 
on being boiled with hydriodic acid and red phosphorus gives rise to the ketone 
C,3;H,,O, and nor- and hydroxynor-picrotic acid. 


In Part II (J., 1936, 288) it was recorded that on hydrogenation with a palladium catalyst 
in aqueous alcohol containing small amounts of hydrochloric acid picrotoxinin gave rise 
to a mixed product which had m. p. varying from 227° to 234° according to the experiment 
and could be partly converted into picrotonol under comparatively mild conditions. Since 
the formation of an aromatic from the hydroaromatic system of picrotoxinin and its de- 
rivatives appears to be of considerable value in the elucidation of constitution in this series 
a more detailed inquiry into the formation of the*picrotonol precursor seemed highly 
desirable and we therefore initiated an extensive investigation on the hydrogenation of 
picrotoxinin with a palladium catalyst under a wide variety of conditions. Of the mass of 
data which has been collected, only the results of typical experiments are recorded in the 
experimental section; the use of a platinum catalyst under the same conditions invariably 
gave only «-dihydropicrotoxinin (Part II, loc. cit.). 

In the course of attempts to prepare a quantity of 6-dihydropicrotoxinin according to 
the method employed by Mercer and one of us (A. R.) (Part II, loc. cit.) we have, in spite of 
very many experiments under a variety of conditions, failed so far to repeat this preparation. 
Instead, the hydrogenation proceeded more slowly and we invariably obtained a neutral 
product which could not be resolved into pure constituents by means of solvents, but on 
being boiled with 5% sulphuric acid gave rise to a mixture from which picrotonol, 8- 
dihydropicrotoxinin, and dihydropicrotoxic acid were isolated. In view of the fact that 
under these conditions §-dihydropicrotoxinin is unaffected by boiling acid and a-dihy- 
dropicrotoxinin is quantitatively converted into dihydropicrotoxic acid it would seem that 
in all probability the hydrogenation product contained both «- and @-dihydropicrotoxinin. 
Further, since neither of the latter compounds yields picrotonol on being boiled with 
aqueous sulphuric acid, the hydrogenation mixture also contained the ketol precursor. 
We are at present unable to offer a satisfactory explanation of the failure to obtain a quan- 
titative yield of 6-dihydropicrotoxinin, but it may well be that this hydrogenation, which in 
the earlier experiments proceeded rapidly, requires an exceptionally active palladium 
catalyst and that our specimens of picrotoxinin may have contained minute traces of metallic 
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‘“‘ poisons ’’ carried down from the debromination process employed in its preparation 
(Horrmann’s method, Arch. Pharm., 1920, 258, 200). 

Although so far the isolation of the picrotonol precursor has not been achieved, it has 
been found that the hydrogenation of picrotoxinin, dissolved in acetic acid containing 
small amounts of hydrochloric acid, yields a neutral product which appears to be a eutectic 
mixture consisting of «-dihydropicrotoxinin and the required compound only. This con- 
clusion follows from the fact that on hydrolysis with acid the hydrogenation product gave 
rise to a mixture of picrotonol and dihydropicrotoxic acid which did not contain detectable 
amounts of $-dihydropicrotoxinin. Unlike the $-compound, a-dihydropicrotoxinin does 
not form an acetate (Part II, loc. cit.) and accordingly by acetylation of the hydrogenation 
product it was found possible to isolate a small amount of the acetate of the picrotonol 
precursor, which on being boiled with dilute sulphuric acid gave an almost quantitative 
yield of ketol. That this compound is the acetate of an isomeride of picrotoxinin, 1.¢., 
C,;H,,0,(CO-CH,), and not of a dihydropicrotoxinin appears likely for the following reason : 
Picrotonol, which so far has not been obtained by direct hydration of picrotoxinin, was origin- 
ally prepared by the action of boiling 25% sulphuric acid on picrotin (Angelico, Gazzetta, 1910, 
40,i, 391). The latter substance closely resembles picrotoxinin, ¢.g., in exhibiting reducing 
properties and in forming «-picrotinic acid and picrotindicarboxylic acid, and may be con- 
sidered to be a hydrate of picrotoxinin formed by addition of the elements of water at the 
double bond, a view which finds support in the fact that, on being heated, «-picrotinic 
acid yields picrotoxic acid in addition to picrotin lactone (Horrmann, Amnalen, 1916, 411, 
273). Thus for picrotonol formation from the precursor under the conditions employed, 
a compound having the same state of oxidation as picrotin is in all probability an inter- 
mediate stage and this could arise by direct hydration of a suitable isomeride of picro- 
toxinin but not of a dihydropicrotoxinin. The mechanism of the formation of the picro- 
tonol precursor is at present obscure, but it seems probable that hydrogen plays an essential 
part, because numerous attempts to effect isomerisation of picrotoxinin by active catalysts 
in the absence of hydrogen failed completely. In this connection it may be noted that, 
whilst both «a- and @-dihydropicrotoxinin retain the reducing properties of picrotoxinin, 
only the «-compound can be converted into a monobasic acid, dihydropicrotoxic acid, on 
being boiled with dilute mineral acids, and therefore in all probability this derivative is 
formed by the direct addition of hydrogen at the double bond of picrotoxinin. On the 
other hand the formation of the 8-compound appears to be accompanied by an isomeric 
change, because it cannot be converted into an acid under the conditions employed for the 
hydration of «-dihydropicrotoxinin and, further, whereas the hydroxy] group in picrotoxinin 
and «-dihydropicrotoxinin, detected by the method of Zerewitinoff cannot be acetylated, 
8-dihydropicrotoxinin readily forms an acetate, thus indicating that the production of the 
8-derivative is probably accompanied by suppression of the tertiary hydroxyl and the 
formation of a secondary hydroxyl group (a primary alcohol group is regarded as 
exceedingly unlikely). 

When alcohol containing small amounts of hydrochloric acid was employed as the medium 
for the hydrogenation of picrotoxinin with a palladium catalyst, a product was obtained 
which could be resolved into a neutral and an acidic fraction. From the neutral portion 
it has been possible by a tedious fractional crystallisation to isolate «a- and 6-dihydropi- 
crotoxinin and to show that this fraction also contained the picrotonol precursor. The 
acidic fraction appeared to consist mainly of a saturated acid, C,;H,.0,, which on titration 
was found to be dibasic and on treatment with diazomethane gave a dimethyl ester. Since it 
does not react with 2: 4-dinitrophenylhydrazine, the acid does not appear to contain a 
carbonyl group and the two remaining oxygen atoms are probably present as hydroxyl 
groups. From the established C-skeleton of picrotoxinin, which depends on the structure 
of picrotone, picrotonol and picrotic acid, it is tentatively suggested that the acid C,;H,,0, 
may be a dihydroxy-derivative of (I). 

In view of the foregoing results obtained with picrotoxinin the behaviour of a number 
of its derivatives towards hydrogen in the presence of an active catalyst has been examined. 
It has been found that «- and $-bromopicrotoxinin and the respective a- and $-bromo- 
picrotoxinic acids, which are formed by the action of 10% potassium hydroxide solution 
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on these compounds (Horrmann, Ber., 1913, 46, 2796), cannot be hydrogenated. The 
absence of an ethylenic linkage in these substances is confirmed by the fact that they are 
unaffected by prolonged treatment with a mixture of ozone and oxygen. On the other 
hand «-picrotoxinic acid, which is formed by debromination of «- or 8-bromopicrotoxinic 
acid in a manner analogous to the formation of picrotoxinin from its bromo-derivatives, 
can be readily hydrogenated, yielding a dihydro-derivative, and on ozonolysis gives rise to 
formaldehyde and a ketonic compound. On being boiled with hydriodic acid containing 
red phosphorus, the latter substance, which has not so far been obtained crystalline and may 
be a mixture of two forms corresponding to «- and 6-picrotoxinone, furnished a mixture from 
which products identical with those obtained from picrotoxinone have been isolated, viz., 
the phenolic ketone C,,H,,0,, nor-, and hydroxynor-picrotic acid, a result which clearly 
shows the ethylenic linkage of «-picrotoxinic acid is in the same position as in picrotoxinin 
aud picrotoxic acid, 7.e., forming an tsopropylene system. Curiously enough, 8-picrotoxinic 
acid, which is formed by isomerisation of the «-compound, does not appear to contain a 
double bond, since it cannot be hydrogenated or oxidised with ozone. 
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Although decisive experimental evidence regarding the mechanism of the formation 
of the saturated «- and $-bromopicrotoxinin from picrotoxinin or of a- and $-bromopi- 
crotoxinic acid from the unsaturated «-picrotoxinic acid is lacking, it seems likely that the 
bromination reaction takes the same course in each case and the following explanations 
are tentatively advanced : The addition of bromine to the unsaturated system (II) may be 
considered to take the normal course, giving rise to the intermediate dibromo-derivative 
type (III), but this reaction is accompanied by loss of hydrogen bromide so as to form a 
new cyclic system type (IV) (where X may be a C or an O atom); the pairs of «- and 
8-forms are considered to be stereoisomers. In the debromination process the replacement 
of the bromine atom in (IV) with hydrogen is accompanied by scission of the cyclic system, 
thus regenerating (II). Alternatively, since the reaction is carried out in aqueous solution, 
the formation of the saturated bromo-compounds may take place by the addition of the 
elements of hypobromous acid at the double bond, giving type (III, where one of the bromine 
atoms is replaced by a hydroxyl group), with subsequent loss of water from the latter 
resulting in the formation of (IV, X = QO). 

In the course of attempts to obtain picrotoxinin dibromide it was found that treatment 
of anyhydrous picrotoxinin with bromine in chloroform gave a highly unstable product, 
which partly decomposed with the evolution of hydrogen bromide during isolation 
and was not obtained crystalline; smaller amounts of hydrogen bromide were also given 
off during the bromination process. The crude material, on being warmed with water, 
gave in quantitative yield a mixture of «- and $-bromopicrotoxinin and hydrobromic acid, 
a result which appears to support the first explanation of the bromination mechanism. 


EXPERIMENTAL. 


Hydrogenation of Picrotoxinin—(A) With a palladium-charcoal catalyst in ethyl acetate. 
When a solution of picrotoxinin (5 g.) in absolute ethyl acetate, containing a palladium-charcoal 
catalyst (from 0-3 g. of palladium chloride and 2 g. of charcoal), was agitated in an atmosphere 
of hydrogen, absorption ceased in 30—50 minutes (vol. absorbed, 120—160 c.c.; theoretical, 
383 c.c.). From the crystalline non-acidic residue, m. p. between 210° and 225° according to 
experiment, which was left on evaporation of the filtered solution, a pure product could not be 
isolated by repeated crystallisation from a variety of solvents. The crude product (0-8 g.) was 
boiled with n-sulphuric acid for 23 hours and on being cooled the resulting solution deposited 
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8-dihydropicrotoxinin (0-1 g.), which formed elongated prisms, m. p. 254—255°, from ethyl 
acetate, undepressed by admixture with an authentic specimen (Part II, loc. cit.). Acetylation 
of this compound (1 g.) with acetic anhydride (4 c.c.) and pyridine (2 c.c.) at room temperature 
during 10 days gave the acetate, which separated from ethyl alcohol in colourless prisms, m. p. 
177° (Found: C, 60-7; H, 6-2. C,,H,,O, requires C, 60-7; H, 6-0%). 

From the acidic filtrate which was left on separation of the crude $-dihydropicrotoxinin 
and which had been neutralised with sodium bicarbonate, picrotonol was isolated as a colourless 
viscous oil by means of ether and converted into the semicarbazone (0-2 g.), which on purification 
had m. p. 222°, undepressed by admixture with an authentic specimen (Part II, loc. cit.). The 
neutral aqueous liquors were then acidified with hydrochloric acid and thoroughly extracted 
with ether, and the combined dried extracts evaporated, leaving dihydropicrotoxic acid, m. p. 
and mixed m. p. 254°, after purification from ethyl acetate. 

(B) With a palladium catalyst in alcohol. When a solution of palladium chloride (0-2—0-3 
g.) in water (20—50 c.c.) containing 2 g. of charcoal was added to a solution of picrotoxinin 
(6 g.) in absolute alcohol (250—350 c.c.), and the mixture agitated in hydrogen at atmospheric 
pressure, the absorption of gas, which was rapid at first and then gradually decreased, was com- 
plete in 3—6 hours; the volume absorbed (910—1050 c.c.) was approximately equivalent to 
2 mols. On being boiled with n-sulphuric acid for 19 hours, the crystalline residue, m. p. 90— 
120° according to experiment, left on evaporation of the filtered solution in a vacuum gave rise 
to $-dihydropicrotoxinin, picrotonol, and dihydropicrotoxic acid, which were isolated from the 
resulting mixture by the method employed in (A). If, instead of being evaporated to dryness, 
the volume of the filtered hydrogenation solution was reduced to about 50 c.c. and the residue 
cooled, 8-dihydropicrotoxinin (1-2—1-9 g.), m. p. between 248° and 254°, separated and on recrys- 
tallisation from ethyl acetate had m. p. 256°, alone or mixed with an authentic specimen. The 
product (3 g.), m. p. about 225°, obtained by addition of water to the concentrated reaction 
mixture also consisted mainly of 8-dihydropicrotoxinin. In either case the filtrate from the 
crude 8-dihydropicrotoxinin contained the acidic fraction (X) and it was ultimately observed 
that the crude hydrogenation product could be conveniently resolved into a neutral and an 
acidic fraction by means of aqueous sodium bicarbonate. 

On being boiled with n-sulphuric acid, the neutral fraction (2 g. of a sample, m. p. 208— 
209°) yielded 8-dihydropicrotoxinin, dihydropicrotoxic acid, and picrotonol [the last being 
characterised by conversion into the p-nitrobenzoate, m. p. and mixed m. p. 155° (Part IT, loc. 
cit.) after crystallisation from alcohol] and consequently this fraction was subjected to a prolonged 
fractional crystallisation. On being cooled, a solution of the neutral material (7-8 g. from several 
experiments) in hot ethyl acetate deposited -dihydropicrotoxinin (0-4 g.), m. p. 254°, and on 
addition of an excess of light petroleum (b. p. 60—80°) to the ethyl acetate liquors a solid 
(7-2 g.),.m. p. 215—217°, separated, . Crystallised from benzene (1 1.), the latter material 
gave a solid (3-6 g.), m. p. 217—218°, which was resolved by means of alcohol into a less soluble 
fraction and a soluble residue (2-3 g.), m. p. 217—218°. From the former fraction f-dihy- 
dropicrotoxinin was obtained by repeated crystallisation from alcohol; the residue, m. p. 
217—218°, on being recrystallised once from water, three times from alcohol, and finally from 
acetic acid, gave a small amount of a product, m. p. 219—220° (Found: C, 61-2; H, 6-4. 
Calc. for C,,H,,0, : C, 61-2; H, 6-1%). Onadmixture with «-dihydropicrotoxinin this material 
melted at 222—223° and with $-dihydropicrotoxinin at 219—220°. 

Concentration of the benzene filtrate gave a solid (1-6 g.), m. p. 227—-228°, which on being 
crystallised four times from alcohol and then repeatedly from acetic acid yielded a small amount 
of «-dihydropicrotoxinin. 

The initial acidic fraction, which varied in amount between 25 and 50% of the picrotoxinin 
used and was obtained as either a very viscous oil or a crystalline solid, was apparently identical 
with the fraction (X)-and on being boiled with 2n-sulphuric acid the crude material yielded a 
small amount of a neutral, pale yellow oil which did not contain picrotonol. Crystallised from 
water (resulting in the loss of much material; other solvents proved unsuitable), it gave an acid 
in slender needles, m. p. 183° (efferv.), which appeared to be a hydrate (Found in material dried 
over phosphoric oxide at room temperature: C, 57-9; H, 7-7; H,O, 5-7. C,;H,,0,,H,O 
requires C, 57-0; H, 7-6; H,O,5°7%. Found in a specimen dried in a vacuum at 100°: C, 60-5; 
H, 7-6. C,,;H,,O, requires C, 60-4; H, 7-4%). Esterification of this compound with an excess 
of ethereal diazomethane gave a neutral ester, which separated from light petroleum in slender 
needles, m. p. 164° [Found: C, 62-6; H, 8-0; OMe, 18-8. C,;H,,O,(OMe), requires C, 62-6; 
H, 8-0; OMe, 19-0%]. 

When the hydrogenation of picrotoxinin (6 g.) was carried out with a palladium chloride 
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catalyst in alcohol in the absence of a charcoal carrier, the absorption of hydrogen (460—510 
c.c.; a slight excess over that required to saturate one double bond) ceased after 4—5 hours 
and the product contained a somewhat larger proportion of neutral material (3-8—4-4 g.) and a 
correspondingly smaller acidic fraction. The former was shown to contain a- and @-dihy- 
dropicrotoxinin and the picrotonol precursor; the latter consisted largely of the acid, m. p. 183°. 

(C) With a palladium catalyst in acetic acid. Palladium chloride (0-3 g.), dissolved in water 
(20 c.c.) containing 5 drops of hydrochloric acid, was added to a solution of picrotoxinin (5 g.) 
in absolute acetic acid (125 c.c.), and the mixture agitated in an atmosphere of hydrogen. 
Absorption (160—180 c.c., equivalent to 0-4—0-6 mol.) ceased in 4—6 hours and on evaporation 
the filtered solution left a crystalline product, m. p. between 220° and 230°, which did not contain 
acidic material and on repeated crystallisation from water, benzene, and finally alcohol gave an 
apparently homogeneous substance in colourless prisms, m. p. 232° (Found: C, 61-4; H, 6-0. 
Calc. for C,,H,,0,: C, 61-6; H, 5-5. Calc. for C,,H,,0,: C, 61-2; H, 6-1%), but on being 
boiled with 5% sulphuric acid for 20 hours this material (1-8 g.) gave rise to picrotonol 
(0-5—0-6 g., identified as semicarbazone) and dihydropicrotoxic acid (0-9 g.). 

Addition of ice-water to a solution of the crude reaction product (0-5 g., m. p. 228—230°) 
in acetic anhydride (3 c.c.) and pyridine (1-5 c.c.), which had been kept at room temperature 
for 10 days, precipitated a solid (0-5 g.), m. p. between 125° and 160°, which on being once 
recrystallised from alcohol had m. p. 187°; yield 0-25 g. Repeated purification from the same 
solvent finally gave the aceiaie in well-formed rod-like prisms, m. p. 190°, which on admixture 
with the acetate of B-dihydropicrotoxinin, m. p. 177°, melted at about 166° [Found: C, 61-2; 
H, 5-5; CH,°CO, 15-5. C,;H,,0,(CH,°CO) requires C, 61-1; H, 5-4; CH,-CO, 129%]. This 
compound (1 g.) was boiled with n-sulphuric acid (40 c.c.) for 20 hours, and the cooled solution 
neutralised with sodium bicarbonate and repeatedly extracted with ether. Evaporation of the 
combined dried extracts left picrotonol (0-4 g.), which gave a quantitative yield of the semi- 
carbazone. Extraction of the acidified aqueous liquors with ether gave a small amount of a 
glassy solid (< 0-1 g.) which could not be purified. 

Dihydro-«-picrotoxinic Acid.—Absorption of hydrogen (approx. 1 mol.) by «-picrotoxinic 
acid (Horrmann, Ber., 1913, 46, 2796) (2 g.), dissolved in acetic acid (125 c.c.) containing a platinum 
oxide catalyst (0-1 g.), was complete in less than 5 minutes. Removal of the catalyst and 
then the solvent left the dihydro-acid (2 g.), m. p. 229°, which separated from water in colourless 
diamond-shaped plates, m. p. 231° (Found: C, 57-4; H, 6-4. Calc. for C,,H,,0,: C, 57-7; 
H, 65%) (compare Horrmann, loc. cit.). This acid, which is soluble in alcohol or acetone and 
sparingly soluble in ethyl acetate or benzene, does not reduce Fehling’s solution and does not 
decolorise bromine water. 

Application of the same procedure to $-picrotoxinic acid gave unchanged material. 

Ozonolysis of a-Picrotoxinic Acid.—A stream of ozone and oxygen was passed into a solution 
of the acid (1 g.) in absolute ethyl acetate (60 c.c.) for 5 hours, the solvent was evaporated, and 
the residue hydrolysed with water at room temperature for 24 hours and then on the water-bath 
for 15 minutes. Evaporation of the clear liquid in a vacuum over sulphuric acid slowly at room 
temperature or in a vacuum on the steam-bath left an acid as a hygroscopic glassy solid, from which 
crystalline material was not obtained. This product, which was readily soluble in water, alcohol 
or acetone and sparingly soluble in benzene, readily formed an amorphous 2 : 4-dinitrophenyl- 
hydrazone which could not be purified. In another experiment the aqueous hydrolysate was 
distilled with the continuous addition of water to keep the volume constant and on treatment with 
an excess of a solution of 2: 4-dinitrophenylhydrazine hydrochloride the distillate (70 c.c.) 
gave a crystalline precipitate of formaldehyde-2 : 4-dinitrophenylhydrazone which had m. p. 
164° after purification and was identified by comparison with an authentic specimen; yield, 
approx. 35% of the theoretical. 

When a mixture of the glassy solid (9-2 g., from 10 g. of «-picrotoxinic acid), hydriodic acid 
(25 c.c.; d@ 1-7), and red phosphorus (4 g.) was gently warmed, a vigorous reaction ensued ; 
after this inital reaction had ceased, the dark liquid was refluxed for 6 hours, cooled, and diluted, 
with water (400 c.c.). Next day the clear solution was decanted from the viscous tarry residue, 
saturated with sodium chloride, and extracted with ether. The concentrated ethereal extract 
(250 c.c.) was decolorised with sulphurous acid, washed with water, and extracted with aqueous 
sodium bicarbonate (12 x 10 c.c.). Acidification of the combined extracts precipitated crude 
hydroxynorpicrotic acid (0-9 g.), which was repeatedly crystallised from benzene~acetone and 
then from aqueous acetone, forming glistening plates, m. p. 213°, undepressed on admixture 
with an authentic specimen (Found in a specimen dried in a vacuum at 100°: C, 63-3; 
H, 6-1. Calc. for C,,H,,0,;: C, 63-6; H, 6-1%). 




















1266 Syntheses of Glycosides. Part XI. Cichoriin. 





An ethereal extract (250 c.c.) of the viscous residue was decolorised with sulphurous acid 
and extracted with aqueous sodium bicarbonate (18 x 10 c.c.). The dark-coloured acidic 
product (3-2 g.) obtained by acidification of the combined bicarbonate extracts was esterfied 
with ethyl alcohol, and the ester purified by repeated distillation in a vacuum, being obtained 
as an almost colourless oil (0-8 g.), b. p. 140—160°/1 mm., which was hydrolysed with boiling 
8% aqueous-alcoholic sodium hydroxide for 12 hours. The resulting crude norpicrotic acid 
was repeatedly purified from warm water and then aqueous alcohol, forming slender prisms, 
m. p. 113°, identical in every way with an authentic specimen (Found in material dried in a 
vacuum at 80°: C, 67-5; H, 66. Calc. for C,,H,,O,: C, 67-7; H, 65%). 

The combined ethereal solutions left on separation of nor- and hydroxynor-picrotic acid were 
extracted with 1% aqueous sodium hydroxide (10 x 10 c.c.) and on acidification the extracts 
deposited the phenolic ketone (0-2 g.), which had m. p. and mixed m. p. 189°, after recrystallisa- 
tion from carbon tetrachloride, followed by sublimation in a high vacuum. The 2: 4-dinitro- 
phenylhydrazone separated from ethyl acetate in slender red needles, m. p. 286°, undepressed 
by admixture with an authentic specimen. Evaporation of the residual ethereal solution left 
a dark viscous neutral oil (0-9 g.) which could not be purified. 





















The authors are indebted to Imperial Chemical Industries, Limited, for a grant. 
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268. Syntheses of Glycosides. Part XI. Cichoriin. 
By FrAnkK S. H. HEAD and ALEXANDER ROBERTSON. 


Benzoylation of zsculetin gave rise to 6-O-benzoyl- and 6 : 7-O-dibenzoyl-esculetin. 
On condensation with O-tetra-acetyl-«-glucosidyl bromide by the silver oxide—quinoline 
method the monobenzoate gave the O-tetra-acetyl-B-glucoside of 6-O-benzoyl- 
zsculetin, which yielded cichoriin on deacylation. 











CoNnTRARY to the claims of Glaser and Kraus (Biochem. Z., 1923, 138, 185; Arch. Pharm., 
1928, 266, 573) Seka and Kallir (Ber., 1931, 64, 909) have found that the condensation of 
zsculetin with O-tetra-acetyl-«-glucosidyl bromide in alkaline solution gives rise to the 
tetra-acetate of the glucoside (III) isomeric and not identical with zsculin, which we have 
shown to have the glucose residue in the 6-position (J., 1930, 2434). Similarly Merz 
(Arch. Pharm., 1932, 270, 476) has found that methylation of zsculetin with diazomethane 
yields 7-O-methyl- and 6: 7-O-dimethyl-esculetin. It therefore seemed reasonable to 
expect that the monobenzoylation of the coumarin would give rise to 7-O-benzoylesculetin, 
which would be a suitable intermediate for the synthesis of esculetin : from the mixture 
obtained by treatment of zsculetin with molecular proportions of aqueous sodium hydroxide 
and benzoyl chloride, however, we have been able to isolate only 6-O-benzoylesculetin 
(I, R = H) in addition to the dibenzoate. The orientation of (I, R = H) was effected by 
methylation to the ether (I, R = Me), which on debenzoylation gave 7-O-methylesculetin. 
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The tetra-acetylglucoside (II) was prepared from (I, R = H) by the quinoline-silver 
pxide method and on treatment with methyl-alcoholic ammonia gave rise to (III), identical 
in every way with natural cichoriin, which was shown to have formula (III) by Merz 


| (loc. cit.). 
EXPERIMENTAL. 


Benzoylation of AEsculetin—2% Aqueous sodium hydroxide (40 c.c.) was added to water 
(180 c.c.) containing a suspension of powdered zsculetin (3-5 g.), the mixture vigorously agitated 
for 1 hour, and the resulting solution cooled to 0°. Benzoyl chloride (2-8 g.) was then introduced 
in three portions with very vigorous shaking, which was continued until the odour of the chloride 
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had almost disappeared (4 hour). .The mixture was stirred with aqueous sodium bicarbonate 
for 15 minutes, and the solid collected, washed, ground to a paste with a little water, and 
thoroughly extracted with 5% aqueous sodium carbonate (150 c.c.). The extract was filtered 
to separate the insoluble dibenzoate (1-5 g.) and on acidification with hydrochloric acid gave 
6-O-benzoylesculetin (2-7 g.), which was probably contaminated with traces of unchanged 
zsculetin, since it gave a dark green ferric reaction. Crystallisation of the product from alcohol 
served to remove the impurity and finally gave the benzoate in colourless needles, m. p. 198° 
after sintering at 185°, having a negative ferric reaction (Found: C, 68-2; H, 3-8. C,,H,,O; 
requires C, 68-1; H, 3-6%). 

The dibenzoate formed rosettes of slender needles, m. p. 186°, from hot acetic acid, sparingly 
soluble in hot alcohol (Found: C, 71:3; H, 3-8. Calc. for C,3H,,0,: C, 71:5; H, 3-6%) 
(Merz, Joc. cit.). 

6-Benzoyloxy-7-methoxycoumarin.—The afore-mentioned monobenzoate (1-2 g.) was methyl- 
ated with methyl iodide (10 c.c.) and potassium carbonate (5 g.) in boiling acetone for 1 hour; 
the pale yellow solution became colourless in the course of 15 minutes, indicating that the reac- 
tion was complete. On isolation the product separated from warm acetic acid in hexagonal 
prisms, m. p. 217—218°, sparingly soluble in benzene (Found: C, 68-7; H, 4-2. Calc. for 
C,,H,,0,;: C, 68-9; H, 4:1%). The same compound was obtained by the benzoylation of 
6-hydroxy-7-methoxycoumarin (Head and Robertson, Joc. cit.), m. p. and mixed m. p. 217— 
218° after purification (compare Seka and Kallir, loc. cit., who give m. p. 211°). 

A solution of the ether (0-8 g.) in methyl alcohol (150 c.c.), saturated with ammonia, was 
kept at 0° for 24 hours and the residue left on removal of the solvent was treated with warm 
dilute hydrochloric acid, giving 7-O-methylesculetin, which formed needles from methy] alcohol, 
m. p. 185°, identical with an authentic specimen (Head and Robertson, Joc. cit.). 

7-O-Tetra-acetyl-B-glucosidoxy-6-benzoyloxycoumarin (II).—Active silver oxide (2g.) wasadded, 
with vigorous stirring, to a paste of 6-O-benzoylesculetin (0-5 g.) and O-tetra-acetyl-«-glucosidyl 
bromide (2-5 g.) and the mixture, which became warm, was stirred for 15 minutes, kept in a 
desiccator for 1 hour, and extracted with hot acetic acid (50c.c.). The filtered extract (charcoal) 
was poured into water, and the precipitated glucoside crystallised from methyl or ethyl alcohol, 
forming elongated slender needles (0-8 g.), m. p. 218° (Found: C, 58-8; H, 4:8. C,,H,,0,,4 
requires C, 58-8; H, 46%). 

6-Hydroxy-7-B-glucosidoxycoumarin (Cichoriin) (III).—Methyl alcohol (300 c.c.) containing 
a suspension of the foregoing compound (2-5 g.) was saturated with ammonia at 0°, and the solu- 
tion kept for 24 hours and evaporated ina vacuum. The residue was boiled for 1 minute with 
20% acetic acid and, on cooling, the filtered solution deposited the dihydrate of cichoriin in 
glistening needles which on recrystallisation from water had m. p. 213—214°, identical in every 
way with a natural specimen, [«]}” — 104° (c, 3 g. of air-dried material in 100 c.c. of 50% 
aqueous dioxan) (Found in air-dried specimen: C, 47-9; H, 5-2. Calc. for C,,;H,,0,,2H,O : 
C, 47-9; H, 53%. Found in material dried in a high vacuum at 100°: C, 52-4; H, 4-8. Calc. 
for C,,H,,0,: C, 52-9; H, 47%) (Merz, loc. cit., gives m. p. 213—215°). Acetylated with acetic 
anhydride (10 c.c.) and sodium acetate (5 g.) on the steam-bath, synthetic cichoriin (0-5 g.) 
gave rise to the penta-acetate, which separated from alcohol in slender needles, m. p. 218°, 
undepressed by admixture with a natural specimen (Found: C, 54:7; H, 4-8. Calc. for 
C,;H,,0,,: C, 54-5; H, 4-:7%). 


The authors are indebted to Professor Merz for specimens of natural cichoriin and its penta- 
acetate. 


LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. [Received, June 14th, 1939.] 





269. Polyterpenoid Compounds. Part I. Betulic Acid from 
Cornus florida, L. 


By ALEXANDER ROBERTSON, GABRA SOLIMAN, and (in part) EpMuND C. OWEN. 


An unsaturated monobasic hydroxy-acid of the triterpene series, isolated from the 
bark of Cornus florida, L., has been shown to be identical with betulic acid, an oxidation 
product of betulin. The identity of the two products has been confirmed by comparison 
of a number of their derivatives, including the dihydro-compounds. By the action of 
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hydrogen bromide in acetic acid, betulic acid gives rise to the acetate of a saturated stable 
lactone, and with bromine O-acetylbetulic acid yields O-acetylbromo- and O-acetyl- 
dibromo-lactones, reactions common to known unsaturated hydroxytriterpene acids. 


In the course of experiments carried out in 1935 on the isolation of the glucoside cornin 
(verbenalin) from the bark of Cornus florida, L., by a modification of Bourdier’s method 
(Arch. Pharm., 1908, 246, 272) a monobasic triterpene acid, m. p. above 300°, was obtained 
from the water-insoluble fraction of an alcoholic extract of the bark. Subsequently, 
having elaborated a satisfactory method for its quantitative extraction and purification, 
we undertook, in conjunction with a series of researches on cognate topics, a detailed 
investigation of the chemistry and constitution of this compound and have now found it to 
be identical with betulic acid, an oxidation product of betulin * (Ruzicka and co-workers, 
Helv. Chim. Acta, 1938, 21, 1706). Owing to a discrepancy between the melting points 
of the acid from Cornus florida, L., and of that (m. p. 297°) given in the literature for betulic 
acid and because of the fact that we were at first unable to hydrogenate the acetate or the 
esters of our product this identity was not at first apparent. However, direct comparison 
of the acid from Cornus florida, L., with that obtained from betulin and of a number of 
their derivatives (see experimental section) has clearly shown that the two substances are 
identical. 

In agreement with the view that the carboxyl group in betulic acid is attached to a 
tertiary carbon atom in an angular position (Ruzicka and co-workers, Joc. cit.) it has been 
observed that the acid cannot be esterified by the usual methods and that methyl and 
ethyl betulate, formed by means of diazomethane and diazoethane respectively, are remark- 
ably resistant to hydrolysis with alkaline reagents. Although these esters behave normally 
on acylation, it has been found that acetylation of the parent acid gives rise to a mixed 
anhydride of O-acetylbetulic acid and acetic acid, in which the absence of a free carboxyl 
group was decisively demonstrated by the failure of the product to react with diazomethane. 
This behaviour, which is shared by other isomeric triterpene acids, ¢.g., oleanolic and ursolic 
acid (van der Haar, Rec. Trav. chim., 1928, 47, 585; Sando, J. Biol. Chem., 1931, 90, 477; 
Winterstein and Himmerle, Z. physiol. Chem., 1931, 199, 55), has been observed to occur 
when betulic acid is treated with #-nitrobenzoyl chloride in pyridine, but, probably owing 
to its being considerably less stable, the mixed anhydride was not obtained analytically 
pure. On hydrolysis this product gave the p-nitrobenzoate of the acid. 

Treatment of betulic acid (I; R =H, R, = H) or its acetate (I; R =H, R, = Ac) 
with a solution of hydrogen bromide in acetic acid gave rise to a lactone acetate (II, R = 
Ac), which on deacetylation furnished the saturated lactone (II, R =H), Csg9H,,0s;, 
isomeric with the parent acid and designated lactone (A). On acetylation this compound, 
which is highly resistant to hydrolysis with alcoholic sodium hydroxide, regenerated the 
acetate (II, R = Ac). In this respect betulic acid closely resembles analogous hydroxy- 
triterpene acids, which, largely owing to the work of Winterstein and his co-workers (Z. 
physiol. Chem., 1931, 199, 37, 56), have been shown to form acetates of hydroxy-lactones 
under the same conditions in which the lactone ring is remarkably resistant to the action 
of hydrolytic agents. The acetate of the lactone (II; R = Ac) was also obtained when 
acetylbetulic acid (I; R = H, R, = Ac) was heated with formic acid, the action of which 
was primarily investigated in the course of attempts to shift the position of the double bond 
in betulic acid or its derivatives. With the latter reagent, however, betulic acid and its 
methyl ester (I; R = Me, R, = H) were converted into the formate of a highly stable 
lactone (B) isomeric with lactone (A). The formation of the acetate (II, R = Ac) in this 
manner affords evidence that the hydroxyl group is not involved in the isomerisation of 
the acid to the lactone, and the high degree of stability exhibited by both lactones (A) and 
(B) indicates that in all probability they are of the y-type and hence are stereoisomerides. 
Further, on the assumption that migration of the double bond does not take place in the 
process of lactonisation it seems probable, by analogy with the behaviour of fy- and yé- 

* The major part of the work described in the present communication was contained in a thesis 


presented in 1938 by Dr. G. Soliman for the degree of Ph.D. of this University before the publication 
of the paper by Ruzicka and his collaborators. In this thesis the acid was designated cornolic acid. 
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unsaturated acids in forming y-lactones, that the ethylenic linkage in betulic acid is in 
the By- or y8-position to the carboxyl group (compare Ruzicka and co-workers, Joc. cit.). 

The absorption of bromine by betulic acid was accompanied by the evolution of hydro- 
gen bromide and the product appeared to consist of a mixture of bromo-derivatives which 
could not be separated, With bromine, O-acetylbetulic acid (I; R =H, R, = Ac), dis- 
solved in ether-acetic acid, yielded the acetate of a saturated bromo-lactone, type (IV), 
together with an inseparable mixture, but when the reaction was carried out in aqueous 
acetic acid the acetate (I; R = H, R, = Ac) and its methyl ester (I; R = Me, R, = Ac) 
furnished the acetate of a saturated dibromo-lactone, type (VII) ; under the same conditions 
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methyl betulate gave rise to a polybromo-lactone which we have not been able to obtain 
analytically pure. Although the mechanism of the formation of the lactones (IV) and 
(VII) is somewhat obscure, we consider that, under the conditions employed, (IV) is formed 
from type (I; R =H, R, = Ac) by way of (III), where it is not clear whether X = Br 
or X = OH; in the latter case the hypobromous acid would arise from traces of moisture 
present in the reaction mixture, On the other hand, when the reaction is carried out in 
the presence of water, the addendum is probably hypobromous acid and (VII) may well 
be formed from (I; R = H, R, = Ac) or (I; R = Me, R, = H) by way of the stages (III), 
(V) and (VI, X = OH) (compare Kitasato and Sone, Acta Phytochim., 1932, 6, 179). 


EXPERIMENTAL, 


(With H. I. Kine) Betulic Acid.—Powdered bark of Cornus florida, L., (1 kg.), which had 
been extracted three times with water (1 1.) at room temperature for 24 hours and then washed 
with 95% alcohol (1-5 1.), was extracted four times with boiling 95% alcohol (2 1.) for 5—7 hours, 
and the combined extracts concentrated under diminished pressure until an orange-yellow solid 
began to separate. After having been kept at 0° for several hours, the solid was collected, and 
the filtrate evaporated in a vacuum, leaving a further quantity of solid. The combined pro- 
ducts were thoroughly extracted with water, dried, and triturated with much light petroleum 
(b. p. 40—60°) for 2 hours to remove lipoidal material, and then with ether to extract a yellow 
colouring matter, finally giving the acid as a reddish amorphous powder. 

From the ethereal washings of the crude material, which had been concentrated to a small 
volume, a further quantity (small) of the acid was obtained, part as a white gelatinous precipi- 
tate which separated and the remainder as the insoluble sodium salt which was formed by 
agitating the ethereal residue with 1% aqueous sodium hydroxide. After the separation of 
the sodium betulate the colouring matter was precipitated from the filtered alkaline extract 
by means of carbon dioxide and is being retained for further investigation, 

In this way 15 kg. of bark yielded 300 g. of crude acid and 200 g. of dark oil soluble in light 
petroleum. 

Repeated crystallisation of the crude product from alcohol (charcoal) finally gave betulic 
acid in plates or needles, m, p. 316—318°, containing solvent of crystallisation, only part of 
which was removed when the substance was dried at 105° in a high vacuum, [«]?%;, + 7:89° in 

40 





1270 Robertson, Soliman, and Owen: Polyterpenoid Compounds. 


pyridine (c, 3-076 g. of anhydrous material in 100c.c.; / = 1) [Found in material dried in a high 
vacuum at 120° for 8 hours: C, 78-9, 78-9; H, 10-6, 10-6; CO,H (by titration in alcohol), 9-6, 
9-6, 9-6; M, 469,470. Calc. for C,,H,,O(CO,H) : C, 78-9; H, 10-6; CO,H, 9-7%; M, 456-4). 

O-Acetylbetulic acid (0-3 g.), prepared by the oxidation of betulin monoacetate (Ruzicka 
and co-workers, loc. cit.), was boiled with alcohol (30 c.c.), containing potassium hydroxide 
(2 g.), for 14 hours, the solution acidified and diluted with water, and the resulting acid isolated 
with ether and repeatedly crystallised from methyl and then ethyl alcohol, forming needles, 
m. p. 315°, undepressed by admixture with a specimen from Cornus florida, L. 

The purification of the crude acid from alcohol was found to be wasteful and the material 
recovered from the alcoholic filtrates was dissolved in the minimum amount of 5% aqueous- 
alcoholic potassium hydroxide (3 parts of water and 7 parts of alcohol) and after being treated 
with animal charcoal the solution was filtered and acidified with hydrochloric acid. In this 
manner a white flocculent product was obtained which was purified from alcohol without 
serious loss. 

Betulic acid, which is readily soluble in pyridine and sparingly soluble in alcohol, acetone, 
ethyl acetate, chloroform, or benzene, forms a sodium salt which is almost insoluble in water. 
When a solution of the acid (1 g.) in ether (100 c.c.) was agitated with 2N-sodium hydroxide 
(30 c.c.), a flocculent precipitate, sodium betulate, separated and on isolation formed glistening 
rectangular plates from warm 70% alcohol, containing solvent of crystallisation (Found in a 
specimen dried in a high vacuum at 120°: Na, 4-7, 4-8. C39H,,O,Na requires Na, 4-8%). 

The following colour reactions were given by betulic acid : When a crystal of the compound 
was covered with a drop of concentrated nitric acid, and the mixture evaporated to dryness, 
the pale yellow residue became orange-coloured on exposure to gaseous ammonia; in the 
Liebermann—Burchardt reaction, a reddish-violet layer was formed and, on shaking, the mix- 
ture became blue- and then red-violet; in Lifschiitz’s reaction, a red-violet ring was formed 
and, on shaking, the mixture became pink; Tschugajeff’s reaction gave a violet-red colour ; 
Rosenheim’s reaction was negative. 

O-Acyl Derivatives of Betulic Acid.—A solution of the acid (1 g.) in a mixture of acetic 
anhydride (6 c.c.) and pyridine (4 c.c.) was kept at room temperature for 2—3 days, and the 
solvent distilled in a vacuum; the residual mixed anhydride of O-acetylbetulic acid and acetic 
acid separated from light petroleum (b. p. 60—80°) in clusters of prisms, m. p. 194—196°, which 
did not react with ethereal diazomethane [Found: C, 75-8; H, 9-7; CH,°CO, 18-4. 
C395H,,.0;(CH,°CO), requires C, 75-5; H, 9-7; CH,°CO, 15-2%]. The same product was formed 
when the acid (1 g.) was refluxed with acetic anhydride (8 c.c.), containing sodium acetate 
(2 g.), for 1 hour, and the excess of acetic anhydride decomposed with water at room tempera- 
ture. A solution of this product in boiling 70% alcohol, on cooling, deposited the acetate of 
betulic acid in large plates, m. p. 289—291° after recrystallisation, [«]#%,, + 7-70° in chloro- 
form (c, 5-07 g. in 100 c.c.; / = 1), identical with a specimen prepared from betulin, m. p. 288— 
290°, [o]2%. + 8-6° in chloroform (c, 3-53 g. in 100 c.c.; 1 = 1) (Ruzicka and co-workers, loc. 
cit., give [a]p + 20-1° in chloroform) [Found: C, 76-9; H, 9-9; CH,°CO, 8-4; CO,H (by titra- 
tion), 9-05. Calc. for C,,H,gO(CH,°CO)(CO,H): C, 77-1; H, 10-1; CH,-CO, 8-4; CO,H, 
9:0%]. Treatment of this acetate with acetic anhydride and pyridine at room temperature or 
with boiling acetic anhydride containing sodium acetate regenerated the mixed anhydride, 
m. p. 194° after purification. 

p-Nitrobenzoy] chloride (4 g.) was added to betulic acid (2 g.) dissolved in pyridine, and the 
resulting brown-red solution kept at 40—50° for 4 days and then poured on ice; the precipitate 
was triturated with aqueous sodium bicarbonate for two hours, collected, washed, and dried. 
On being once crystallised from chloroform—alcohol, this material (3-4 g.) gave pale straw-coloured 
needles (2-5 g.), m. p. 160°, but after having been recrystallised eight times the m. p. of the pro- 
duct fell to 154—155° (Found in a specimen dried in a high vacuum at 105°: C, 68-0; H, 7-1; 
N, 4:3. Calc. for Cy,H,,0,N,: C, 70-0; H, 7-2; N, 3-7%). Whena solution of this compound 
(0-8 g.) in pyridine (20 c.c.) was heated on the water-bath for 15 minutes and then gradually 
treated with water (2 c.c.), the p-nitrobenzoate of betulic acid separated in small plates, m. p. 
above 320°, after having been recrystallised from aqueous pyridine (Found: C, 73-5; H, 8-3; 
N, 2-4. C,,H,;,0O,N requires C, 73-3; H, 8-5; N, 2-3%). 

Esters of Betulic Acid.—Methy] sulphate (20 c.c.) was gradually added to a solution of the 
acid (15 g.) in alcohol (200 c.c.) and aqueous potassium hydroxide (20 g. in 150 c.c. of water) 
maintained at 40° and, after the addition of more alkali, a further portion of methyl sulphate 
was added. Two hours later the crystalline ester, m. p. 220°, was collected, washed, and re- 
crystallised from methyl alcohol, forming needles, m. p. 223—224°, identical with a specimen 
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prepared by the action of excess of ethereal diazomethane on the acid during 20 minutes, 
[oc]?351 + 8-01° in chloroform (c, 4-11 g. in 100 c.c.; / = 1), soluble in ether, chloroform or benzene 
and sparingly soluble in light petroleum [Found: C, 78-9; H, 10-7; OMe, 6-7. Calc. for 
C39H,,0,(OMe): C, 79-1; H, 10-7; OMe, 6-6%] (Ruzicka and co-workers give [a], + 5-0°). 
Treatment of this ester with acetic anhydride and pyridine at room temperature during 3 days 
gave the acetate, which formed prisms, m. p. 201—202°, from alcohol, [«]?4;, + 18-06° in chloro- 
form (c, 6-756 g. in 100 c.c.; 7 = 1), identical with the product formed by the action of excess 
of diazomethane on O-acetylbetulic acid and with a specimen, m. p. 201—202° prepared from 
betulin [Found: C, 77-3; H, 10-1; OMe, 5-8. Calc. for C;,H,,0O;(OMe): C, 77-3; H, 10-3; 
OMe, 6-1%] (Ruzicka and co-workers, loc. cit., give [«]p + 17:1°). Deacetylation of this com- 
pound with 5% alcoholic potassium hydroxide at room temperature for 2 days re-formed methyl 
betulate. 

The interaction of methyl betulate (1 g.) and p-nitrobenzoyl chloride (1 g.) in pyridine 
(25 c.c.) at 40—50° for 3 days gave rise to the p-nitrobenzoate of the ester, which separated from 
benzene—alcohol in almost colourless plates, m. p. 232—233° [Found in a specimen dried in a 
high vacuum at 120°: C, 73-7; H, 8-7; N, 2-3; OMe, 5-1. C3,H;,0;N(OMe) requires C, 73-6; 
H, 8-6; N, 2:3; OMe, 5-0%]. 

Prepared by the same method, the p-toluenesulphonate of the methyl betulate formed 
colourless plates, m. p. 172—174° (decomp.), from benzene—alcohol, sparingly soluble in acetone 
or methyl alcohol (Found: C, 73-0; H, 8-9; S, 5:2. C3;,H;,0,;S requires C, 73-0; H, 9-0; 
S, 51%). 

Esterification of betulic acid with an excess of ethereal diazoethane gave rise to the ethyl 
ester, which separated from alcohol in needles, m. p. 201—202°, [a]?%3, + 11-44° in chloroform 
(c, 4-588 g. in 100 c.c.; J = 1) [Found: C, 79-2; H, 10-95; OEt, 9-1. C,,H,,O,(OEt) requires 
C, 79:3; H, 10-8; OEt, 9-3%]. Prepared by the pyridine method, the acetate formed prisms, 
m. p. 185—186°, [«]?%;, + 14-33° in chloroform (c, 2-198 g. in 100 c.c.; 1 = 1), from alcohol 
[Found : C, 77-4; H, 10-4; OEt, 8-8. C,,H,,0O,(OEt) requires C, 77-5; H, 10-3; OEt, 8-6%]. 
The same compound, m. p. and mixed m. p. 185—186°, was formed by esterification of 
O-acetylbetulic acid with ethereal diazoethane. 

Dihydrobetulic Acid and its Derivatives.—O-Acetylbetulic acid (0-5 g.), dissolved in alcohol 
or acetic acid (50 c.c.), was hydrogenated with hydrogen (1 mol. absorbed) and a platinum 
oxide catalyst (0-05 g.) in the course of } hour and the product, m. p. 290—304°, left on evapor- 
ation of the filtered solution was crystallised from methyl alcohol, giving the dihydro-compound 
in monoclinic prisms, m. p. 305—307°, after sintering at 295°, which, on being dried in a vacuum 
over phosphoric oxide, had m. p. 307—310° (Found: C, 76-9; H, 10-4. Calc. for C,;,H;,0, : 
C, 76-8; H, 10-4%) (Ruzicka and co-workers, loc. cit., give m. p. 307°, but do not record analyses 
for the product obtained from betulin). 

On treatment with excess of ethereal diazomethane this compound gave methyl O-acetyl- 
dihydrobetulate, which formed small prisms, m. p. 236—237, identical with a specimen pre- 
pared by the hydrogenation of methyl O-acetylbetulate (2 g.), dissolved in alcohol (120 c.c.), 
with hydrogen (approx. 1 mol. absorbed) and a platinum oxide catalyst (0-1 g.); [«]?%. = — 3-31° 
in chloroform (c, 5-37 g. in 100 c.c.; / = 1) (Found in material dried in a high vacuum at 120° : 
C, 77-0; H, 10-5. Calc. for C;,H;,0,: C, 76-9; H, 10-6%) (Ruzicka and co-workers, loc. cit., 
give m. p. 238—239°). This compound gave a negative tetranitromethane reaction. 

A solution of O-acetyldihydrobetulic acid in 95% alcohol (60 c.c.) containing potassium 
hydroxide (4 g.) was boiled for 1} hours and acidified with acetic acid (10 c.c.). On cooling, 
the hydrolysate deposited dihydrobetulic acid in well-defined needles, m. p. 316—320°, un- 
changed on repeated crystallisation from methyl and ethyl alcohol. The same compound was 
obtained when betulic acid (0-5 g.), dissolved in acetic acid (100 c.c.), was hydrogenated with 
hydrogen (1 mol. absorbed) and a platinum oxide catalyst (0-05 g.) and on purification had 
m. p. 316—320°. Acetylation of this material re-formed O-acetyldihydrobetulic acid (Found : 
C, 76-7; H, 10-4%). 

Esterification of dihydrobetulic acid obtained from either source with excess of diazomethane 
yielded thé same methyl dihydrobetulate, m. p. 238°, which separated from alcohol in long needles, 
m. p. 238—240° [Found in a specimen dried in a high vacuum at 120°: C, 78-7; H, 11-2; 
OMe, 6-3. C3 9H4ygO,(OMe) requires C, 78-7; H, 11-1; OMe, 6-6%]. 

In a similar manner hydrogenation of ethyl O-acetylbetulate gave ethyl O-acetyldihydro- 
betulaie, which separated from alcohol in small prisms, m. p. 205° (Found in material dried at 
205° : C, 77-2; H, 10-6. C,,H,;,O, requires C, 77-2; H, 10-7%), and on deacetylation by boiling 
5% alcoholic potassium hydroxide during 45 minutes gave ethyl dihydrobetulate, which formed 
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needles, m. p. 208°, from methyl alcohol (Found : C, 78-8; H, 10-9. C,,H,;,O, requires C, 78-9; 
H, 11-2%). A mixture of the ester and its acetate melted at about 180°. 

Oxide of Methyl O-Acetylbetulate.—Estimation of the number of double bonds in methyl 
O-acetylbetulate, dissolved in chloroform, by means of a standard solution of perbenzoic acid 
(Levy and Lagrave, Bull. Soc. chim., 1925, 37, 1598) according to the usual procedure gave 
oxygen number 0-99, 0-98; the time required for oxidation was 7 days and control experiments 
were carried out. After having been washed with aqueous sodium bicarbonate and then water, 
the chloroform solution, left on titration of the excess of perbenzoic acid, was dried and evapor- 
ated in a vacuum, leaving the ovide as a glassy residue, which gradually crystallised in contact 
with a little alcohol and then separated from dilute alcohol in rectangular plates, m. p. 202° 
(Found: C, 74:8; H, 9-9. C,,;H,,0, requires C, 74:8; H, 9:9%). When this compound 
(0-3 g.) was heated with a solution of hydroxylamine acetate (0-6 g.) in alcohol (20 c.c.) and 
water (6 c.c.) for 3 hours on the steam-bath and then cooled, a product separated in plates, 
m. p. 214°, which after repeated crystallisation from dilute alcohol had m. p. 222° and gave a 
negative test for nitrogen. The amount of material was too small for further investigation. 

By the perbenzoic acid method O-acetylbetulic acid gave an oxygen number 1-07 and 1-06. 

Lactone (A) of Betulic Acid.—The gradual solution of dried betulic acid (1 g.) in acetic acid 
(10 c.c.) saturated with hydrogen bromide was accompanied by the production of a violet and 
finally a blue coloration; after 4 days the viscous mixture was treated with excess of water and 
the resulting grey precipitate was collected, washed, and dried. Alcohol (30 c.c.) was added 
to a filtered solution of the product (1-1 g.) in boiling chloroform (20 c.c.) (charcoal) and on being 
kept at below 0° the mixture gradually deposited plates, m. p. 328°, which contained bromine 
(Found: C, 76-9; H, 9-8; Br, 22%). On being crystallised twice from benzene, this material 
gave the acetate of the lactone in slender needles, m. p. above 350° after sintering at 335°, readily 
soluble in chloroform or carbon tetrachloride and sparingly soluble in alcohol or ethyl acetate 
(Found in material dried in a high vacuum at 120°: C, 77:2; H, 10-1. (C,,H,,O, requires 
C, 77-1; H, 10-1%). The same compound was obtained by the interaction of O-acetylbetulic 
acid and hydrogen bromide in acetic acid during 4 days and formed needles, m, p. above 330°, 
on crystallisation from benzene. 

On being boiled with 98—100% formic acid (25 c.c.) for 5 hours, O-acetylbetulic acid gave 
rise to the acetate of the lactone, which formed needles from benzene, m. p. above 330° (Found 
in material dried in a high vacuum at 120°: C, 77:1; H, 10-2%). 

This acetate was recovered unchanged after having been heated with acetic anhydride and 
pyridine on the steam-bath for 1 hour or on prolonged treatment with excess of diazomethane. 

5% Alcoholic potassium hydroxide (50 c.c.) was added to a solution of the acetate (0-5 g.) 
in benzene (50 c.c.), the mixture heated on the steam-bath for } hour, the solvent distilled, and, 
after the addition of water, the residue extracted with chloroform. Crystallisation of the 
product left on evaporation of the chloroform extracts gave the Jacione (A) in needles, m. p. 
above 320°, [«]?%5, + 75:18° in chloroform (c, 1-37 g. in 100 c.c.; / = 1), sparingly soluble in 
ether, ethyl acetate or light petroleum (Found: C, 78-9; H, 10-7. Cs3,H,,O, requires C, 78-9; 
H, 10-6%). 

Lactone (B) of Betulic Acid.—On being boiled with formic acid (60 c.c.) for 5 hours, betulic 
acid (2 g.) gave rise to the formate of lactone (B), which was precipitated from the reaction 
mixture with water, extracted with boiling alcohol (100 c.c.) to remove unchanged material, 
and crystallised from chloroform-alcohol and then from chloroform—benzene, forming small 
plates, m. p. above 350°, sparingly soluble in the usual solvents except chloroform and carbon 
tetrachloride (Found: C, 76-9; H, 10-1. C,,;H,,O, requires C, 76-8; H, 100%). The same 
compound (0-6 g.) was formed when methy] betulate (1 g.) was boiled with formic acid (30 c.c.) for 
2 hours. With tetranitromethane this lactone gave a negative reaction. 

A mixture of the formate (0-5 g.), benzene (50 c.c.), and 5% alcoholic potassium hydroxide 
(40 c.c.) was refluxed for 30 minutes, the resulting solution evaporated in a vacuum, and after 
the addition of water the product was isolated from the alkaline liquor by means of chloroform. 
Crystallised from benzene, lactone (B) formed needles, m. p. above 330°, [a]?%;, + 59-05° in 
chloroform (c, 2-10 g. in 100 c.c.; 1 = 1), which did not react with ethereal diazomethane and 
gave a negative tetranitromethane reaction (Found in material dried at 120° in a high vacuum : 
C, 79:0; H, 10-6. Cy,H,,O, requires C, 78-9; H, 106%). A mixture of this compound and 
lactone (A), m. p. above 320°, melted at 320—330°. 

Lactone of O-Acetylbromobetulic Acid.—A 5% solution of bromine in absolute acetic acid 
(10 c.c.) was gradually added to O-acetylbetulic acid (1 g.) in dry ether (20 c.c.) and 3 hours 
later the crystailine precipitate (0-4 g.) was collected, drained, and recrystallised from chloro- 
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form—alcohol, giving the bvomo-compound in slender needles, m. p. 290° (decomp.), which gave 
a negative reaction with tetranitromethane and with diazomethane (Found in material dried 
in a high vacuum at 100°: C, 66-0; H, 8-6; Br, 14-6. C,,H,,O,Br requires C, 66-5; H, 8-6; 
Br, 13-9%). Evaporation of the residual ethereal solution left a product which appeared to 
be a complex mixture. 

Lactone of O-Acetyldibromobetulic Acid.—O-Acetylbetulic acid (2 g.), dissolved in acetic 
acid (180 c.c.) and water (10 c.c.), was treated with an excess of a 5% solution of bromine in 
acetic acid (15 c.c.) and 4 hours later the product was precipitated with water, washed with 
sulphurous acid, and dried. Crystallised from acetic acid and then from chloroform—alcohol, 
the dibromo-derivative formed slender needles, m. p. 290—295° (decomp.), sparingly soluble 
in alcohol, acetone, or light petroleum and readily soluble in benzene or ethyl acetate (Found 
in a specimen dried in a high vacuum at 120°: C, 58:5; H, 7-3; Br, 24:2. C,,H,,O,Br, 
requires C, 58-5; H, 7-4; Br, 24-4%). This product did not react with tetranitromethane 
or with diazomethane. 

The same compound was obtained when O-acetylbetulic acid was replaced by its methyl 
ester in the foregoing mixture; m. p. and mixed m. p. 290—295° (decomp.) after purification 
(Found: C, 58-3; H, 7:3; Br, 243%). This specimen did not contain a methoxyl! group. 

Bromination of methyl betulate under similar conditions gave a saturated product which 
after repeated purification from chloroform—alcohol had m. p. above 320° (decomp.) and did 
not contain a methoxyl group (Found in material dried in a high vacuum at 120°: C, 50-1; 
H, 6-1; Br, 41-5%). 


The authors are indebted to Imperial Chemical Industries, Limited, for a grant. 


UNIVERSITY OF LIVERPOOL. [Received, June 14th, 1939.] 





270. Chemical Methods of Concentrating Radioactive Halogens. 
By C. S. Lu and S. SUGDEN. 


When organic halides are irradiated with neutrons a considerable amount of the 
radioactive halogen formed can be separated by extraction with suitable reagents 
(Szilard and Chalmers, Nature, 1934, 134, 462). In the present paper a quantitative 
study of this phenomenon has been made, a variety of halides and a number of reagents 
to extract the radioactive product being used. 

It has been found that although radio-iodine is separable mainly as the free element, 
chlorine and bromine are largely extracted as anions. The addition of a little aniline 
to the halide before irradiation has given a larger yield of extractable radio-bromine. 
A method based on this reaction for preparing highly active specimens of radio-bromine 
has been developed, and a concentration factor of 30,000 has been obtained. 


SzILARD and CHALMERS (Nature, 1934, 134, 462) first showed that by suitable chemical 
methods a radioactive isotope can be very highly concentrated and separated from non- 
radioactive isotopes. They irradiated ethyl iodide containing traces of iodine with neu- 
trons and then extracted the iodide with water; the extract was found to contain a large 
radioactivity associated with only a small fraction of the total iodide irradiated. Later, 
Fermi, Amaldi e¢ al. (Proc. Roy. Soc., 1935, A, 149, 522) applied similar methods to obtain 
concentrates of radioactive isotopes of the halogens, manganese, and arsenic. More 
recently, Paneth and Fay (J., 1936, 384) have used electrical methods of concentration, 
and Gliickauf and Fay (J., 1936, 390) have shown that the halogen atoms expelled by re- 
coil from captive y-rays can frequently give rise to substitution products, e.g., dibromoben- 
zene from bromobenzene, etc. 

Erbacher and Philipp (Ber., 1936, 69, 893; Z. physikal. Chem., 1936, A» 176, 169) have 
also studied the separation of radioactive halogens by aqueous extraction of irradiated 
alkyl halides and by adsorbing the halide ions on charcoal. These workers were primarily 
interested in obtaining the radio-halogens as free as possible from inactive halogen, and 
have devised methods which reduce the concentration of halogen in the aqueous solution 
to unweighable amounts whilst retaining a large amount of activity. They did not, 
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however, compare the radioactivity of these extracts with the total radioactivity generated 
in the organic halide; hence it is difficult to compare their results with those obtained in 
this investigation. 

The work described below was directed towards a quantitative study of the phenomena 
of chemical concentration of radio-elements. Special attention has been paid to radio- 
bromine, since this element gives inter alia a radioactive isotope with a half-life of 33 hours 
which makes it particularly valuable as an indicator in kinetic studies. 


Apparatus and Plan of Experiments.—The source of neutrons contained 200 mg. of radium 
sulphate mixed with powdered beryllium and sealed in a platinum cylinder. This fitted into 
a recess in a paraffin-wax cylinder around which an annular glass vessel held the liquid to be 
irradiated. This glass vessel fitted into a cavity in a large block of wax so as to utilise the 
neutrons which are scattered back by the wax. 

The 8-ray activity of the specimens was measured in annular glass vessels with very thin 
inner walls which fitted closely over a Geiger—Miiller counter. Several such vessels were pre- 
pared of such a size that 25 c.c. of liquid gave a column of more than twice the length of the 
‘‘ window ”’ which admitted 6-rays to the counter. To allow for the inevitable variation from 
vessel to vessel of the thickness of the inner wall, the vessels were calibrated by measurements 
with a dilute solution of uranyl nitrate. 

The impulses generated in the Geiger—Miiller counter were passed to a simple one-valve 
amplifier; this was transformer coupled to a gas-filled relay which operated a telephone call 
counter. Later, a more elaborate amplifier followed by a thyratron “ scale of eight ’’ counter 
(Wynne-Williams, Report Prog. Physics, 1936, 3, 239) was used and the accuracy and speed of 
the experiments were much improved. This equipment was tested with a series of solutions 
of known uranium content and its response was found to be accurately proportional to the 
uranium content up to a speed of 600 impulses/min. At 1000 impulses/min. the correction for 
coincident counts was small. 

Some of the earlier experiments were made with counters filled with air at 80 mm. pressure ; 
later the mixture of 90 mm. of argon and 10 mm. of ethyl alcohol vapour recommended by 
Trost (Z. Physik, 1937, 105, 399) was used and found to be much more satisfactory. Although 
our counters were constructed with ebonite end-pieces, there was rarely a failure when con- 
structing new counters and many of them have had a useful life of more than six months. 

The general method adopted to study the extraction of the radioactive product was to 
irradiate an organic halide and then divide it into two or more portions. One was retained 
as standard, and the others then shaken with suitable reagents and separated. The activities 
of the samples of organic halides were then measured, and the loss on extraction determined. 
With this procedure no correction is needed for absorption of f-rays in the medium. In a few 
experiments it was necessary to measure an activity in an aqueous solution and compare it with 
an activity in an organic halide. The correction for the difference in self-absorption was then 
determined by appropriate subsidiary experiments. 

In most cases the period of counting was chosen so that at least 1500 impulses were recorded ; 
the error due to chance fluctuations was then less than 3%. The activities quoted in the tables 
below have been corrected for radioactive decay, for self-absorption (where necessary), and for 
variations in thickness of vessel walls. 

A permanent standard of $-ray activity was constructed by mounting a few mg. of U,O, on 
a strip of gummed paper inside a glass tube which fitted over the counter. This served as a 
convenient monitor for controlling the performance of the counter and indicated any change 
in its sensitivity. Measurements of this “ uranium standard ’”’ were interpolated between 
other measurements and the results only accepted if its readings were sensibly constant. The 
activities of the specimens have been recorded in terms of this standard activity. 


Influence of Free Halogen.—To test whether the presence of free halogen played an 
important part in the separation of the radio-element, parallel experiments were made in 
which the organic halide before irradiation with neutrons was submitted to the following 
pretreatments: (a) untreated, (6) shaken with aqueous sodium thiosulphate solution, 
(c) mixed with 1—3% of free halogen. After irradiation for 20 mins. (the halogen set 
free by y radiation in this time interval is negligibly small), the specimen was divided into 
two parts and one was shaken with 5% sodium thiosulphate solution. The results of this 
series of experiments are recorded in Table I. The activities studied with this time of 
irradiation are those of bromine (half-life = 18 mins.) and iodine (half-life = 25 mins.). 
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With the bromobenzene and iodobenzene, the presence or absence of free halogen has 
little or no effect; with the aliphatic halides, the presence of traces of free halogen gives 
some increase in the amount of radioactive isotope which can be extracted. 


TABLE I. 


Effect of Free Halogen. 
Sub- Pretreat- Sub- Pretreat- 
No. _ stance. ment. % Extraction. No. _ stance. ment. % Extraction. 
C,H,Br, (a) 49,52. Mean 51 7 n-C,H,I (a) 56 
a (b) 56, 62,63. Mean 60 8 e (bd) 47, 48,45. Mean 47 
id (c) 68, 70. Mean 69 9 oe (c) 55 


C,H,Br (a) 31 10 C,H,I (a) 32, 31,28. Mean 30 
‘ (b) 26 | (6) 38,40. Mean 39 
- (c) 27, 33. Mean 30 ee (c) 36 


Influence of the Chemical Nature of the Reagent—For these experiments, organic 
bromides were studied as sources of radio-halogen, and water, acids, alkalis, sodium thio- 
sulphate solution, and metals as extracting reagents. All the observations were made 
after irradiation with neutrons for not more than 60 mins., so that the bromine activity 
measured is mainly due to the product with a half-life of 18 mins. 


TABLE II. 
Influence of Chemical Nature of Extracting Reagent. 


Substance. Extracting reagent. % Extraction. 
C,H,Br, Water 52, 42, 44, 43, 43 
5% HCl 45, 42, 46 
5% HNO, 
5% H,SO, 
15% NaOH 
5% Na,S,O; 
Zn dust (2 g.) 
Zn, coarse powder (2 g.) 
Al foil (2 g.; 400 cm.?) 
Cu powder (2 g.) 
Cu foil (2 g.; 55 cm.?) 
Ag foil (2 g.; 77 cm.?) 
Water 
5% HCl 
15% NaOH 
5% Na,S,O; 
Zn dust (2 g.) 
Cu powder (2 g.) 


Metals were included as extracting agents since Mr. R. E. Siday (private communication) 
had found that copper foil acquired an intense activity when shaken with irradiated 
alkyl bromides. The large amount extracted by copper, silver, and aluminium foils is 
remarkable (Expts. 23, 24, and 21). The greater efficiency of finely divided copper and 
zinc (Expts. 19, 22, 29, 30) is probably due to the larger surface; these powders also con- 
tained oxides which may play some part in the separation. 

With ethylene dibromide all the aqueous media give about 40% extraction of activity 
except sodium hydroxide and sodium thiosulphate solutions which extract a little more. 

Effect of Organic Bases and Phenols.—The effect of adding small amounts of aniline and 
phenol to the halogen compound was investigated since it was hoped that these substances 
might react preferentially with the radio-bromine atoms liberated by y-ray recoil. The 
results are set out in Table III. 

In Expts. 28—60 the period of irradiation with neutrons was 20 mins. For Expts. 61— 
64 the specimens were irradiated for 2 hrs. to obtain a high enough intensity of the rather 
weak chlorine activity which has a half-life of 37-5 mins. Expts. 65 and 66 refer to the 
mixed long-period activities of bromine with half-lives of 4-5 hrs. and 33 hrs. The speci- 
mens were irradiated overnight and allowed to stand for at least an hour before measure- 
ment, so that most of the activity with a period of 18 mins. had decayed. 
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TABLE III. 


Effect of Adding Organic Bases and Phenols. 


Extracting 
reagent. % Extracted. 
5% HCl 27, 27, 36 
45 


Substance 
No. irradiated. 
3 C,H,Br None 


Added substance. 


1 
32 4% Aniline ‘a 
1° 


33 % 62, 63 
34 64, 67 
35 75, 76 
36 77, 74 
37 Se 31, 40 
(added after irradiation) 
38 None 

39 4% Phenol sa - 465, 64 
40 4% Dimethylaniline 5% HCl 72, 71 
41 3% m-Phenylenediamine a 68, 67 


42 n-C,H,Br None ‘“ 40, 39 
43 “a 4% Aniline oa 73, 74 
44 Ka None 15% NaOH 38 
45 jin 4% Aniline 54, 60 


46 C,H,Br, None 5% HCl 48, 47, 45, 42, 46 
47 a 4% Aniline oa 80, 82, 81 

48 4% Phenylhydrazine igs 74, 69 

49 4%, Diethylamine pe 68 

50 None Water 52, 42, 44, 43, 43 
51 4% Aniline pe 68, 73 

52 4%.» See footnote* 8 


53 n-C,H,I None 5% HCl 10, 11 
54 ue 4% Aniline j- 50, 46, 37 44 
55 - None 5% Na,S,0, 47, 48, 45 47 


15% NaOH 38, 40 


56 ” 


57 
58 
59 
60 


61 
62 


63 
64 


65 
66 


C,H,I 


C,H,Cl 
CCl, 
C,H,Br 


” 


4% Aniline 
None 
4% Aniline 
None 
4% Aniline 
None 
4% Aniline 
None 
4% Aniline 
None 
4% Aniline 


os 44, 46 45 


5% HCl 
5%, Na,S,0, 


5% Na,S,0, 
5% HCl 

5% Na,S,0; 
5% HCl 
5% H,SO, 


8, 12 

4,6,9, 11 
32, 31, 28 
29, 32 


39, 33 
69, 69 
59, 50 
84, 92 
45, 49 
60, 63 


10 

8 
30 
31 


36 
69 
55 
88 
47 
62 


* Extracted with 5% nitric acid, aqueous layer separated, made alkaline and the aniline + bromo- 
aniline extracted with 20 c.c. of inactive ethylene dibromide. The activity of this solution was then 
compared with that of the untreated ethylene dibromide. 


It will be seen from the table that aniline has a very marked effect in increasing the 
fraction of the activity which can be extracted by acids. The maximum effect is reached 
with about 4% aniline present during the irradiation (Expts. 31—36); if the aniline is 
added after irradiation with neutrons before extraction with acid, there is no appreciable 
increase in the extractable activity (Expt. 37). Other bases have a similar effect (Expts. 
40, 41, 48), including the aliphatic base diethylamine (Expt. 49), and the three bromine 
compounds studied all give similar results. The longer-period activity of bromine shows 
the same effect (Expts. 65, 66). Phenol gives a small increase in the activity extractable 
by aqueous solutions. 

In Expt. 52 the aniline extracted by hydrochloric acid was separated, and its activity 
measured. This accounted for only 8% of the total activity. The remaining activity 
in the aqueous solution was completely removed by precipitating a small amount of silver 
bromide in the solution and filtering it off; it must therefore have been present as HBr*. 
With the longer-period activity (4-5 hr. + 33 hr.) the activity of the bromine ion in the 
aqueous phase was also determined experimentally. The halogen was precipitated as the 
silver salt, which was dissolved in concentrated sodium thiosulphate solution and measured. 
The correction to this measurement for the difference in absorption coefficient of the 8-rays 
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between ethylene dibromide and the sodium thiosulphate solution used (85 g. of hydrated 
salt in 100 c.c. of water) was determined by dissolving known amounts of radioactive 
bromine in both solvents; the activity in the thiosulphate solution was 1-70 times that of 
the same amount of bromine dissolved in ethylene dibromide. The distribution of the 
radio-bromine when ethylene dibromide containing 4% of aniline is irradiated for 20 mins. 
and 16 hrs. is therefore as follows : 


18-Min. activity, %. 4-5-Hr. + 33-hr. activity, %. 
Br* retained in CgHyBrg ...+.-.seseeeereeeseeees 19 32 
Br* substituted in C,H,-NH, .............+000. 8 9 
Br* removable as Br* 73 (by diff.) 59 (by diff.) 
55 (by exp.) 


DISCUSSION. 


The primary cause of the separation of a radio-element by the Szilard and Chalmers 
method or its later developments is the recoil of the radioactive nucleus due to the emission 
of a capture y-ray. If E, is the energy of the y-ray in electron volts (eV), m the mass of 
the atom (H = 1), and E, the energy of recoil in eV, then 

E, = 5:33 x 10-E,?/m 

The energies of the capture y-rays for chlorine, bromine, and iodine have been measured 
by Kikuchi, Husimi, and Aoki (Proc. Phys. Math. Soc., Japan, 1936, 18, 188) and are 
recorded in Table IV, together with the recoil energies and the energies of rupture of the 
carbon-halogen bond Ey_ x. 


TABLE IV. 


Element. E,(eV) x 10°. E, (eV). Eo_x(eV). 
CD casiedcscevcdcscdssesecnvetvsecabate 6-2 585 33 
BE aco cosccevssdescieccsececccovcecs 5-1 175 2-7 
EB. sccsccccdscccccsocesecesosnsecsscess 4-8 96 2-0 


It will be seen that the recoil energy is always much larger than the energy of rupture 
of the bond, so that every halogen atom which captures a neutron will be torn from the 
parent molecule and can react as a free radical. 

The reaction is comparable to a photochemical dissociation in the liquid phase and, as 
Franck and Rabinowitch (Trans. Faraday Soc., 1934, 30, 120) have pointed out, the 
shortness of the mean free path in a liquid effectively confines the fragments of the ruptured 
molecule in a cage of surrounding molecules for several vibrations. There appear to be 
two major possibilities: (a) The fragments reunite after the excess of energy has been 
dissipated by collisions with neighbouring molecules. (b) The free halogen atom may 
react with a neighbouring molecule. The type of reaction will depend upon the halogen 
element and the chemical character of its neighbours. It has already been found by 
Gliickauf and Fay (loc. cit.) that the ejected halogen atoms can substitute in a variety of 
other molecules. Such substitutions and the recombination reaction (a) do not, however, 
account for the large amount of activity which can be extracted from the organic liquid 
by suitable aqueous media. 

In the case of iodine the most facile reaction seems to be 

I*+1,27MI4+1.. (1) 
where I* indicates the radioactive iodine atoms. The amount of 1* produced i is s extremely 
small, so that traces of iodine in the solution ensure a large excess of I, in the neighbourhood 
of the liberated I* atom. This explanation of the influence of traces of iodine (Expts. 7— 
9) is essentially that given by Szilard and Chalmers (loc. cit.). Further, Expts. 53 and 55 
show that only 11% of the activity generated in n-butyl iodide is in the form of the anion 
I*’, whilst 36°% is present as molecular iodine which is retained in the organic solvent when 
the mixture is extracted with acid. In the presence of aniline, however, 44% is extractable 
by acid and is in the form of I*’, most probably as iodide ion. This may be explained by 
the reaction (2a). 

R + X* + NH,Ph —> Ph-NHR* + X*- . . wg (2a) 





. 
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A similar reaction may occur when the RX* bond is not ruptured by the recoil but contains 
enough vibrational energy to bring about the reaction (20) : 

RX* + NH,Ph —> PhNH,R* + X*~ i aah cab -yok 
It is interesting to note that with iodobenzene aniline gives only about 8% of ionised radio- 
iodine (Expt. 58); this may be due to the weakness of diphenylamine as a base. 

With chlorine and bromine compounds the main reactions seem to be either recombin- 
ation or the formation of HX by the abstraction of a hydrogen atom. Similar reactions 
have been observed with other free radicals in the liquid phase (Grieve and Hey, J., 1934, 
1799, 1966; Waters, J., 1937, 113). Further evidence for this view is furnished by the 
observations (a) that boiling the activated ethylene dibromide under a reflux condenser 
results in a loss of activity, (6) that all the activity in the aqueous extract is precipitated 
by silver nitrate, and (c) that a current of cold, dry air passed through irradiated ethylene 
dibromide removes a considerable amount of the activity. 

The large increase in extractable activity in the presence of aniline is most probably due 
to reactions (2a) and (26). It has indeed been found (Le Roux, Lu, and Sugden, Nature, 
1939, 143, 517) that this reaction can separate the isomeric Br atoms of periods 4-5 hrs. and 
18 mins. The isomer with a half-life of 4-5 hrs. emits a soft y-ray with an energy of only 
43,000 eV (Siday, ibid., 1939, 143, 681) and is converted into the isomer of half-life 18 mins. 
This soft y-ray gives a recoil which can only activate but not disrupt the C-Br bond; yet 
in the presence of aniline a large amount of the product nucleus can be separated by 
reaction (2d). 

Some further evidence that the reaction which produces radio-bromine ion is one 
which has little or no activation energy was obtained by irradiating n-butyl bromide 
(a) at room temperature and (b) at — 80°. The fraction of the activity which could be 
extracted by aqueous media was found to be quite independent of temperature. Inci- 
dentally, this showed that there is no appreciable exchange between the radio-bromine 
present as HBr* or Br*’ and the inactive bromine bond in the organic compound. Later 
work on the velocity of these exchange reactions has shown that they proceed much too 
slowly to play any significant part. 

Some further experiments were made to elucidate the action of metal surfaces in separ- 
ating radio-bromine, and these are summarised in Table V. 


TABLE V. 
Extraction of 18-Min. Bromine Activity from Ethylene, Dibromide by Metals. 


(1) Extracted by metal alone. 
(2) Extracted by metal followed by a water extraction. 
(3) Extracted from C,H,Br, previously saturated with dry HBr by metal alone. 
(4) Extracted from C,H,Br, containing 4% aniline by metal alone. 
% Extraction. 


Metal. ' (2). (3). (4). 
ZN, COATSE POWAET .......seeeeceecerceeeee 56 -- 41 
Al SOG} (406 CU.§) ccc ccccccccodccccsccesee 53 — 10 
Cel Been Ce CIT ccc ccccve dissec cco vecste 50 7 <l 
Ag FOR CTT CRY) cdcvicbeccctess seovevsse 48 0 27 


(Water 45%; acids 41%; NaOH 51%; Na,S,O, 51%.) 


The most likely explanation appears to be the formation of a firmly held film of HBr* 
on the surface of the metal. Since the amount of HBr* is infinitesimally small, a large 
fraction of it may be retained on the surface; when a large amount of inactive HBr is added 
little of the active HBr* is removed by the metal (col. 3). 

When aniline is present the trace of radio-bromine is largely present as anion (col. 4). 
This is practically unadsorbed by copper but is still largely adsorbed by silver, possibly by 
the formation of silver bromide. The larger amounts removed by zinc and aluminium are 
probably due to the larger surface areas presented by the specimens. 

Preparation of Radio-bromine Concentrates.—An effective method of preparing bromine 
compounds with a high intensity of radioactivity has been developed as a result of these 
experiments. A concentrate of this kind was required for use in kinetic studies of exchange 
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reactions, and bromine compounds are particularly useful since the relatively high intensity 
of the 33-hr. period gives sufficierit activity for the study of slow reactions. A typical 
experiment is described below which gave a concentration factor of 31,000. 


2 L. of ethylene dibromide containing 5% by volume of aniline were irradiated with neu- 
trons from the Ra—Be source for 19 hrs. 20 C.c. were set aside for comparison, and the bulk 
shaken with 500 c.c. of water. The aqueous extract, freed from organic matter by extraction 
with a little ether, was then precipitated with silver nitrate. The precipitate of silver bromide 
was filtered off, washed finally with alcohol, and dried rapidly. The dry bromide was trans- 
ferred to a boat and reduced in a current of hydrogen at 600° in a tube furnace. The resultant 
hydrogen bromide was collected in a dilute solution of lithium hydroxide (Solution A). These 
operations were completed in 2—3 hours. 

When reduction was complete, the solution of lithium bromide was diluted to 500 c.c., and 
the bromide content determined by titration of 25 c.c. by the Volhard method. The total Br 
present was 0-060 g. The radioactivity of the initial ethylene dibromide and the dilute aqueous 
solution was then compared by a series of alternate counts. After correction for the wall 
thickness of the vessel and for the different absorptions of the B-rays by ethylene dibromide and 
water, it was found that the activities at a standard time were: C,H,Br,, 110 impulses/min. ; 
aqueous solution of LiBr, 220 impulses/min.; ratio = 1: 2. 

Now ethylene dibromide (d 2-182) contains 1-86 g. of bromine per c.c., whereas the aqueous 
solution contains only 1-2 x 10-* g. of bromine perc.c. Hence the concentration factor, or the 
ratio of the activity of the bromine per unit weight in the two solutions, is (2 x 1-86)/1-2 x 10 
or 31,000. 

For kinetic studies the excess of lithium hydroxide in the solution A was neutralised exactly 
with hydrogen bromide and evaporated to dryness, thus giving a highly active specimen of 
lithium bromide which dissolved readily in acetone. If desired, hydrogen bromide, bromine, 
and many bromine compounds can be rapidly prepared from the lithium salt. 


We are indebted to Imperial Chemical Industries, Ltd., for a grant which has largely 
defrayed the cost of the chemicals used in this investigation. 


THE SiR WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
University COLLEGE, Lonpon, W.C. I. [Received, May 26th, 1939.] 





271. The Kinetics of Exchange Reactions. Part I. n-Butyl Bromide. 
By L. J. LE Roux and S. SUGDEN. 


The velocity of the exchange reaction RBr + Br*’ 7” RBr* + Br’ has been 
measured in aqueous acetone (containing 90% of acetone by volume) over a range of 
temperatures from 0° to 65°. 

The reaction is found to be bimolecular and is not catalysed by acids or bases. 
The activation energy is 18-87 + 0-14 kg.-cals., and the speed of the reaction is of 
the same order of magnitude as that predicted for a gaseous system on the collision 
hypothesis. 


EXCHANGE reactions of the type RBr + Br*’= RBr* + Br’ present many points of 
interest from the standpoint of the kinetics of chemical change. They do not involve net 
emission or absorption of energy and the symmetry of the reaction permits many simplifi- 
cations to be made in theoretical discussions of the factors which determine the velocity 
of the exchange (cf. Bergmann, Polanyi, and Szabo, Z. physikal. Chem., 1933, B, 20, 161; 
Trans. Faraday Soc., 1936, 32, 834; Ogg and Polanyi, ibid., 1935, 31, 604). Until recently 
it has only been possible to study these reactions when the halogen atom is attached to a 
centre of optical activity, but now that adequate sources of artificially radioactive elements 
are available, an extended kinetic study of such changes can be made with a sufficient degree 
of accuracy to give significant results. Radioactive iodine and bromine have already been 
used to demonstrate the mechanism of the Walden inversion (Hughes, Juliusberger, Master- 
man, Topley, and Weiss, J., 1935, 1525; Hughes, Juliusberger, Scott, Topley, and Weiss, 
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J., 1936, 1173), and some kimetic studies with radio-iodine have been published by Tuck 
(Trans. Faraday Soc., 1938, 34, 222). 

We have chosen radio-bromine for our work (a) since it gives radioactivities with half- 
lives of 4-2 hrs. and 36 hrs., so that slow reactions can be studied, and (b) because a high 
concentration of radio-bromine in the form of lithium bromide can readily be obtained 
(Lu and Sugden, preceding paper). As solvent we have chosen aqueous acetone containing 
10% of water by volume. In the present paper we report a study of the exchange of 
radio-bromine ion (Br*-) with #-butyl bromide. In the reaction 


ky 
RBr + Br*- = RBr* + Br- 
a c—Xx 1 x b 


where a is the concentration of alkyl bromide, b that of bromide ion, c the total concentration 
of radio-bromine at time ¢, and x the concentration of RBr* at the same time, it is readily 
shown (since x <a and c <b) that 


2-303 1 
ha Fa + 6 Si — x + bja)lc Bo ek a ee 


Since the reaction involves exchange of isotopic bromine atoms, it is evident that 
k,= Rp. 

Course and Reversibility of the Reaction Experiments were made first to determine 
whether k, showed any drift with time when samples were taken from a given solution at 
suitable intervals. The data in Table I show that the course of the reaction is adequately 


represented by equation (1). 





TABLE I. 
Course of Reaction. 
97-5° kK. {; BEB. — cecccocssccocsscessogere 4 6 24 


25 
“O2—O-1 [Rg* K 108 nrccrecceccecceces 2-4 2-5 1-9 2-3 


ns pap MG” Ieee 2 4 6 Equilibrium reached 
in 7—8 hours. 


Rg KID cccccccccccccccccsces 106 99 101 
* All velocity constants are expressed in 1, g.-mol.-1, sec.+}. 


As McKay has pointed out (Nature, 1938, 142, 997), this does not test the order of the 
reaction but does serve as a check on the adequacy of the experimental methods. 

To test the reversibility of the reaction one experiment was made at 307-5° kK. in which 
n-butyl bromide containing radio-bromine was allowed to exchange with inactive lithium 
bromide. This gave k, = 9-6 x 10°, in good agreement with the values found for the 
reaction between inactive alkyl bromide and active bromine ion (cf. Table IT). 

Order of the Reaction.—To test the order of the reaction the concentration of alkyl 
bromide was varied five-fold (Table II) and that of the lithium bromide eight-fold (Table 
III). It will be seen that there is no significant change in the value of k, as long as a and 
bare less than 0-15 mM. At higher concentrations the value of k, falls. This, however, is to 
be expected, since the reaction involves ions, and deviations from ideal solution will become 
marked as the concentration of ions increases and as more of the less ionising alkyl bromide 
is present in the solvent mixture. 


TABLE II. TABLE III. 

T = 307-5° x. T = 317-5° x. 
a. b. = :105ky. a. b. 10h, a. b. 105. a. b. 10h. 
0-049 0-0400 98 0-172 0-0220 9-6 0-0969 0-0301 23-0 0-0969 0-0924 23-0 


0-098 0-782 10-1 0-245 0-0412 88 oe 0-0560 22-6 » 02443 15-7 
0-172 0-0220 10-8 0-245 0-0415 9-5 ” 0-0811 21-6 


In sufficiently dilute solutions the reaction is therefore bimolecular. 
Acid and Base Catalysis—To test whether any appreciable effect was produced by 
acids or bases, the experiments summarised in Table IV were performed. 
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TABLE IV. 
Absence of Acid and Base Catalysis. 


Values of 105,. 


No acid: 7-3 No base: 21-6 No base: 9-8 
T = 303° ZT = 317-5° T = 307-5° 
+ 0-05n-HBr: 7-5 + 0-05mM-LiOH: 22-6 + 0-05m-NH,OH : 11-1 


It is clear that there is no catalysis by acids and very slight catalysis by bases. The increase 
in k, observed with the bases is, however, of the order of magnitude of the experimental 
error. é: 

Activation Energy and Effective Collision Diameter —Experiments were made over a 
range of temperatures in 90% acetone, values of a and b less than 0-15m being used. These 
observations are collected in Table V. 


TABLE V. 


Activation Energy. 
a3. = 10®%,, obs. Mean. 10%, calc. T, °K. 10®k,, obs. Mean. 10%kp, calc. 
273-1° 1-7, 1-7 1-7 1-7 317-6° 216, 230, 230 225 240 
298-1 33, 33 33 33 332-8 1070, 1020,1070 1050 950 
307-6 96, 108, 96,101 100 89 338-1 1410, 1510 1460 1510 
From these 16 observations, by the method of least squares the following equation was 


found : i 
log ko|VT = (8-13 + 0-10) — (18,870 + 140)/457T . . . . (2) 


The values of k, calculated by this equation are given in the last column of Table V. It 
will be seen that this reaction follows the Arrhenius equation within the limits of the 
experimental accuracy. The activation energy is 18-87 + 0-14 kg.-cals. 

For a gaseous system statistical theory gives the relation 


log kg/*/T = log{6-06 x 10%o2(8nR/M)} —E/457T . . . (3) 


Here k, is expressed in the usual units (1., g.-mol.+, sec.), « is the sum of the effective 
diameters of the colliding molecules, and the reduced mass M = mymg/(m, + mg), where 
m, and mg are the molecular weights of the two molecules. 

A comparison of equations (2) and (3) with m, = 80, my, = 137 (t.e., neglecting solvation 
of the bromine ion which would however have a very small effect) gives 


log o? = 17-54 + 0-10 orc = 0-60 + 0-07 A. 


This is about the order of magnitude which would be expected for a reaction in solution. 
If, following Hinshelwood, one writes k, = PZe~#/®", and it is assumed that o = 3 A, then 
the P factor is approximately 0-04. This exchange reaction in solution therefore proceeds 
at a velocity which is not far from that predicted by the collision theory for a gaseous 
system. 

EXPERIMENTAL. 

(1) Materials.—The solvent used for kinetic studies was 9 volumes of “‘ AnalaR ”’ acetone 
mixed with 1 volume of water. This “‘ 90% ” acetone was chosen since preliminary experiments 
showed that small amounts of water had a large effect on the velocity when nearly anhydrous 
acetone was used, thus: 

Acetone, % by Vol. .......sescccsceseseeeee 62. 100 95 90 80 
Relative velocity 100 1l 5 3 

A commercial specimen of n-butyl bromide was distilled twice and the middle fraction, 
b. p. 101°, retained. A stock solution of 0-5m-butyl bromide in “ AnalaR” acetone was 
prepared, and stored in a stoppered, mercury-sealed flask. 

Highly radioactive specimens of lithium bromide were prepared by the method of Lu and 
Sugden (preceding paper). The reduction of the silver bromide in hydrogen was carried out 
in a silica tube furnace at 400—500° ; test experiments showed that 98% of the hydrogen bromide 
was evolved in 20 mins. The gas was absorbed in a suitable quantity of 0-2n-lithium hydroxide, 











1282 The Kinetics of Exchange Reactions. Part I. 


excess of base was then exactly neutralised with hydrogen bromide, and the solution rapidly 
evaporated to dryness in a silica dish. 

(2) Measurement of Reaction Velocity.—The reactions were carried out in sealed glass vessels 
of inverted Y shape with lower arms of a capacity of about 50c.c. The dry lithium bromide 
was dissolved in about 36 c.c. of dry acetone, and 35 c.c. of this solution were placed in one side 
arm together with 5 c.c. of water. 10 C.c. of the 0-5mM-butyl bromide were placed in the other 
side arm, and the top of the connecting tube sealed off. The apparatus was then placed in the 
thermostat, and after time had been allowed for the liquids to reach the bath temperature, the 
contents were mixed by shaking and the time noted. On removal from the thermostat the vessel 
was rapidly cooled to 20° and opened. 25 C.c. of the contents were then transferred to one of 
the annular glass vessels used for the measurement of radioactivity. 

The separation of alkyl bromide and lithium bromide was effected by dropping 25 c.c. of the 
reaction mixture into a separating funnel containing 200 c.c. of water and 25 c.c. of benzene. 
After shaking, the benzene layer was separated and washed twice with 100 c.c. of water. 25 C.c. 
of the benzene solution were then placed in a second annular vessel for measurement of the radio- 
activity transferred to the butyl bromide. The bromide-ion content of the aqueous washings 
was later determined by the Volhard method, and the concentration of the lithium bromide used 
was thus determined. 

To test the efficiency of this method of separation, a solution of radioactive butyl bromide 
in acetone was prepared; 25 c.c. were then treated as described above, and the radioactivity 
transferred to the benzene layer was then compared with that of 25 c.c. of the original acetone 
solution. After application of the corrections described below the two activities agreed within 
1%; hence there is no significant loss of butyl bromide during the transference. As a further 
check, a solution of butyl bromide in benzene was extracted with water, and the aqueous solution 
refluxed with a known amount of silver nitrate for two hours; no change in titre could be detected 
although a faint opalescence was produced in the solution. 

The radioactivities of the two solutions were then compared by placing them in turn around 
a Geiger—Miiller counter connected to a suitable amplifier and a Wynne-Williams scale-of- 
eight recording circuit. For reactions requiring less than 15 hours to give a suitable amount of 
exchange, an aluminium tube counter with thin walls was used which recorded chiefly B-rays 
from the *°Br isotope. When longer reaction times were necessary, the activity measured was 
almost entirely due to **Br with a half-life of 36 hours. This isotope gives much softer 6-rays 
but in addition gives relatively intense y-rays. A y-ray counter tube was therefore constructed 
consisting of an aluminium tube and tungsten filament sealed inside a hard-glass tube. This 
had a much larger active volume than the 8-ray counter and by its aid the y-ray activity could 
be followed with sufficient accuracy for 4—5 days if necessary. 

The ratio of the activities, benzene solution/acetone solution, gives approximately the 
x/c in equation (1), but a number of corrections have to be applied to this ratio. These are due 
(a) to different thickness of the walls of the measuring vessels, (b) to the different effect of benzene 
and acetone in absorbing $-rays, and (c) to differences in the thickness of the layer emitting y-rays 
when the y-ray counter was used. The mean free path of f-rays is small compared with the 
thickness of the liquid, so that (c) can be neglected when these rays are measured; on the 
other hand (a) and (b) are unimportant when y-rays are measured. To determine these correc- 
tions a specimen of radioactive butyl bromide was prepared by refluxing a few grams of the 
inactive bromide with active lithium bromide in acetone. The butyl bromide was isolated and 
used to prepare solutions of equal concentration in acetone and in benzene. The activity of 
these solutions in their appropriate vessels was then followed for two days, and the appropriate 
correction factors tabulated. These varied with time owing to the increasing proportion of 
y-ray activity from the 36-hr. product. 

It was soon observed that the activity of the benzene solution increased by 20—30% for the 
first hour after separation from the aqueous layer, whilst the acetone solution decayed normally. 
This curious effect has recently been explained by the discoverey by Segré, Halford, and Seaborg 
(Physical Rev., 1939, 55, 321) and de Vault and Libby (ibid., p. 322) that the ®*Br isotope with a 
half-life of 4-5 hrs. decays with the emission of a soft y-ray to give the isomeric **Br nucleus 
which emits B- and y-rays. The recoil from the soft y-ray is sufficient to activate the C-Br 
bond and cause hydrolysis in the presence of water so that the benzene solution immediately 
after washing contains less than the equilibrium amount of 18-min. product which produces 
the B-rays. To avoid errors caused by this displacement of radioactive equilibrium, the measure- 
ments of the activities of the benzene and acetone solutions were commenced 90 mins. after the 
last washing of the benzene solution with water. 
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To test whether any measurable hydrolysis of butyl bromide occurs during the reaction, a 
solution of n-butyl bromide and lithium bromide in 90% acetone was heated to 60° for 24 hrs. 
The bromide ion was then separated and determined as described above, and a similar test made 
on an unheated specimen of the solution. No increase in bromide ion was found, hence there is 
no hydrolysis. 

The concentrations of alkyl bromide and lithium bromide were measured at room tem- 
perature, and in calculating the velocity constants these were corrected for solvent expansion. 
In this correction the volume coefficient of expansion of 90% acetone was taken to be 0-0014 
per degree. A further small correction is needed since a quantity of butyl bromide contained 
in 25 c.c. of the solution is added to 25 c.c. of benzene. If there is no change of volume on 
mixing then the correction for a 0-1m-solution is 0-27 c.c. to be added to the volume of benzene 
solution. 


We are indebted to Imperial Chemical Industries Ltd. for a grant. 


THE SIR WILLIAM RAMSAY AND RaLPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, LoNpoNn, W.C. 1. [Received, June 10th, 1939.] 





272. Studies in the Terphenyl Series. Part II. Hydroxy- and 
Methyl-p-terphenyls. 
By H. France, I. M. HEILBRon, and D. H. HEy. 


2- and 4-Methoxy-p-terphenyl are formed by the action of 4-nitrosoacetamidodi- 
phenyl on anisole, and the corresponding hydvoxy-compounds are obtained on 
demethylation. The constitutions of these compounds are proved by unambiguous 
methods. Quinol dimethyl ether yields 2 : 5-dimethoxy-p-terphenyl with 4-nitroso- 
acetamidodiphenyl and 2:5: 2” : 5’'-tetramethoxy-p-terphenyl with dinitrosodiacetyl- 
1: 4-phenylenediamine. The reaction of 4-nitrosoacetamidodiphenyl with toluene 
gives a mixture of 2-, 3-, and 4-methyl-p-terphenyl, and both 2- and 4-methyl-p-terphenyl 
are synthesised from the appropriate nitroso-4-acetamidomethyldiphenyl and 
benzene. -Xylene with dinitrosodiacetyl-1 : 4-phenylenediamine yields 2 : 5 : 2” : 5’’- 
tetramethyl-p-terphenyl. Whereas oxidation of 4-methyl-p-terphenyl gives p-terphenyl- 
4-carboxylic acid, that of 2-methyl-p-terphenyl gives an acid regarded as 2-methyl- 
diphenyl-4'-carboxylic acid. 


ParT I of this series (J., 1938, 1364) consisted of a study of p-terphenyl and certain of its 
nitro-, amino-, and halogeno-derivatives, and this investigation has now been extended on 
similar lines to certain hydroxy- and methyl derivatives of the hydrocarbon. 

Hydroxy-derivatives—Monohydroxy-derivatives of p-terphenyl have not been prepared 
hitherto, but 2-methoxy-p-terphenyl (I) and 4-methoxy-p-terphenyl (II) are now obtained by 
interaction of 4-nitrosoacetamidodipheny] (III) with anisole and on demethylation yield the 
corresponding hydroxy-compounds, (IV) and (V), the constitutions of which are determined 
by unambiguous methods. 2-Hydroxy--terphenyl (IV) is prepared by the decomposition 
of the diazonium sulphate of 2-amino-p-terphenyl (VI) (cf. Part I, Joc. cit.) in hot aqueous 
solution, and on methylation yields 2-methoxy-p-terphenyl (I) identical with the corres- 
ponding product isolated in the above reaction with anisole. The structure of 4-methoxy- 
p-terphenyl (II) is demonstrated by its identity with the compound synthesised by the 
interaction of 4'-nttrosoacetamido-4-methoxydiphenyl (VII) (from 4’-acetamido-4-methoxy- 
diphenyl) and benzene. 

2 : 5-Dihydroxy-f-terphenyl (VIII) has been prepared (I.G., D.R.P. 566521, 1931) by 
condensation of diphenyl-4-diazonium chloride and benzoquinone, followed by reduction 
of the resulting diphenylbenzoquinone : methylation yielded 2 : 5-dimethoxy-f-terphenyl 
(IX), which is now prepared from the reaction between 4-nitrosoacetamidodipheny] (III) 
and liquid quinol dimethy] ether at 50—55° and on demethylation yields the corresponding 
2 : 5-dihydroxy-compound (VIII). These compounds are apparently identical with those 
previously described, although in each case the m. p. now recorded is somewhat higher. 
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2:5:2" : 5’'-Tetramethoxy-p-terphenyl is in a like manner obtained from the interaction of 
dinitrosodiacetyl-1 : 4-phenylenediamine with quinol dimethyl ether. 

The attempted preparation of a nitroso-compound from 2-methoxydiacetyl-1 : 4- 
phenylenediamine (from 2 : 5-diaminoanisole) with a view to the synthesis of 2’-methoxy-#- 
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terphenyl led to the production of a compound regarded as 5-nitro-2-methoxy-NN’-diacetyl- 
1:4-phenylenediamine. This recalls a similar attempted nitrosation of aceto-p-phenetidide, 
which yielded 3-nitro-4-acetamidophenetole (Grieve and Hey, J., 1935, 691). It was also 
found that 2 : 5-diethoxydiacetyl-1 : 4-phenylenediamine failed to react with nitrous fumes. 
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Methyl Derivatives.—4-Methyl-p-terphenyl (X) was prepared by von Braun, Irmisch, 
and Nelles (Ber., 1933, 66, 1471) from #-tolylmagnesium bromide and 4-cyclohexylceyclo- 
hexanone, followed’ successively by dehydration and dehydrogenation. Monomethyl 
derivatives of p-terphenyl have now been prepared by the reaction between 4-nitrosoacet- 
amidodipheny] (III) and toluene, in which a mixture of three isomerides is formed. After 
separation by fractional crystallisation, they had m. p.’s 207—208°, 169—170°, and 91—92°. 
The first compound corresponds with the 4-methyl-p-terphenyl (X) described by von 
Braun, Irmisch, and Nelles (loc. cit.), and its identity is further confirmed by its synthesis 
from the reaction between the nitroso-derivative (XI) of 4-acetamido-4’-methyldipheny] and 
benzene, The third compound, m. p. 91—92°, is shown to be 2-methyl-p-terphenyl (XII) 
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by its identity with the compound synthesised from the reaction between the nitroso- 
derivative (XIII) of 4-acetamido-2’-methyldiphenyl and benzene. By elimination, the 
compound of m. p. 169—170°, which is present only in small quantity, must be 3-methyl-p- 
terphenyl (XIV). The isolation of all three isomerides in this reaction recalls the analogous 
reactions with chlorobenzene and bromobenzene (Part I, Joc. cit.). From the reaction 
between dinitrosodiacetyl-1 : 4-phenylenediamine and #-xylene at 50—55° 2:5: 2”: 5’’- 
tetramethyl-p-terphenyl was obtained. It should be noted that in the reactions with quinol 
dimethyl] ether and with p-xylene the para-derivatives were specifically chosen, since these 
alone of the isomeric disubstituted benzene derivatives could give rise to one product only 
in their reaction with the above nitrosoacylarylamines. 

Oxidation of 2-methyl-p-terphenyl (XII) with chromic anhydride in acetic acid solution 
in the usual way gave, not the anticipitated p-terphenyl-2-carboxylic acid, but an acid which 
analysis showed to be a methyldiphenylcarboxylic acid. Since the constitution of the 
2-methyl-p-terphenyl has been established by synthesis, this acid would appear to be 
2-methyldiphenyl-4'-carboxylic acid (XV). On the other hand, oxidation of 4-methyl- 
p-terphenyl (X) in a similar manner gave p-terphenyl-4-carboxylic acid (XVI), apparently 
identical with that described by von Braun, Irmisch, and Nelles (loc. cit.). 


EXPERIMENTAL. 


A. Hydroxy-derivatives. 


Reaction of 4-Nitrosoacetamidodiphenyl with Anisole-—A solution of 4-nitrosoacetamidodi- 
phenyl (10 g.) (prepared by the action of nitrous fumes on 4-acetamidodipheny] as described in 
Part I, loc. cit.) in anisole (800 c.c.) was kept for 48 hours at 18°, nitrogen being slowly evolved. 
Removal of excess anisole in steam left a dark solid residue which distilled at 100—150°/10-% 
mm. as a white solid. Fractional crystallisation from alcohol gave 4-methoxy-p-terphenyl, 
which crystaliised from glacial acetic acid in colourless plates, m. p. 223—224°, undepressed on 
admixture with a synthetic specimen prepared as described below; systematic treatment of the 
mother-liquors yielded 2-methoxy-p-terphenyl, which separated from alcohol in colourless 
prisms, m. p. and mixed m. p. with an authentic specimen (see below) 118—119°. No other pure 
substance could be isolated. Both methoxy-p-terphenyls were demethylated with hydriodic 
acid to yield the corresponding hydroxy-p-terphenyls, identical with the compounds described 
below. 

2-Hydroxy-p-terphenyl.—2-Amino-p-terphenyl (2 g.) was warmed with a mixture of concen- 
trated sulphuric acid (5 c.c.) and water (40 c.c.), and the stirred suspension of the sulphate, 
cooled to 5°, was diazotised with an aqueous solution of sodium nitrite (0-6 g.). The diazonium 
salt separated as an orange-yellow powder, sparingly soluble in water. After addition of suffi- 
cient urea to decompose excess nitrous acid, the mixture was diluted with water (153 c.c.) 
and heated on the steam-bath for 1 hour. The brown product, extracted with ether, distilled 
at 135°/10-* mm. as a white solid, which crystallised from methyl alcohol in colourless prisms, 
m. p. 176—177° (Found: C, 88-0; H, 5-3. C,,H,,O requires C, 87-8; H, 5-7%). 

2-Methoxy-p-terphenyl.—A solution of 2-hydroxy-p-terphenyl (0-2 g.) in a mixture of 90% 
alcohol (5 c.c.), potassium hydroxide (0-1 g.), and methyl iodide (0-5 c.c.) was refluxed for 1 hour. 
Dilution of the cold solution gave 2-methoxy-p-terphenyl, which separated from hot alcohol in 
colourless prisms, m. p. 118—119°, identical with the compound of similar m. p. obtained in the 
above reaction with anisole (Found : C, 87-5; H, 6-2. C,,H,,O requires C, 87-7; H, 6-15%). 

4-Methoxy-p-terphenyl_—4-Hydroxy-4'-acetamidodiphenyl was prepared from benzidine by 
the method of Tauber (Ber., 1894, 27, 2629) and, on treatment with methyl iodide in alcoholic 
potassium hydroxide in the usual way, yielded 4’-acetamido-4-methoxydiphenyl, m. p. 191— 
193° from alcohol (cf. Tauber, D.R.P. 85988). On passing nitrous fumes into a solution of 
4'-acetamido-4-methoxydipheny] (2-5 g.) in a mixture of glacial acetic acid (40 c.c.) and acetic 
anhydride (20 c.c.) cooled to 8° for 2 hours, 4’-nitrosoacetamido-4-methoxydiphenyl (2-3 g.) 
separated in yellow plates which detonated at 103° (Found: N, 10-3. C,,;H,,0,N, requires 
N, 10-4%). On reaction with benzene (150 c.c.) in the usual way, the dry nitroso-compound 
gave a product which, on distillation at 150°/10-* mm., yielded 4-methoxy-p-terphenyl (1-4 g.). 
Crystallisation from glacial acetic acid gave plates, m. p. 223—224°, both alone and on admixture 
with the compound of similar m. p. obtained from the reaction of 4-nitrosoacetamidodiphenyl 
with anisole (Found: C, 87-6; H, 5-9. Cj ,sH,,O requires C, 87-7; H, 6-15%). 

4P 
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4-Hydroxy-p-terphenyl.—4-Methoxy-p-terphenyl (0-5 g.) was heated with hydriodic acid 
(d 1-7, 20 c.c.) at 1835—140° for 3 hours, and after treatment with sulphurous acid, 4-hydroxy-p- 
terphenyl (0-4 g.) separated; it crystallised from ethyl acetate in colourless prisms, m. p. 264— 
265° (with partial sublimation at 260°) (Found: C, 87-7; H, 5-8. (C,gH,,0 requires C, 87:8; 
H, 5-7%). 

2: ISG FSR oes ae ee essa eee OM (5 g.) was added gradually with 
stirring to molten quinol dimethyl ether (100 g.) at 50—55° and, after 1 hour, the temperature 
was raised slowly to 90°. After removal of excess of quinol dimethyl ether in superheated 
steam, the residue distilled at 130°/10-* mm. as a solid (0-9 g.) which, after successive crystallisa- 
tion from alcohol and glacial acetic acid, formed colourless prisms, m. p. 159—160° (Found : 
C, 82:9; H, 6-1. Calc. for C,.H,,0,: C, 82-8; H, 6-2%). Them. p. recorded in D.R.P. 566521 
is 157—158°. During the earlier stages of the vacuum distillation a small quantity of diphenyl 
was collected 

2 : 5-Dihydroxy-p-terphenyl.—A solution of 2 : 5-dimethoxy-p-terphenyl (0-5 g.) in a mixture 
of hydriodic acid (d 1-7, 20 c.c.) and glacial acetic acid (20c.c.) was boiled for 3 hours, and the 
product was isolated as a yellow precipitate on saturation of the diluted reaction mixture with 
sulphur dioxide. The product, which rapidly turned pink on filtration, crystallised from benzene 
in pink clusters, m. p. 173—174° (Found: C, 82-4; H, 5-6. Calc. for C,,H,,O,: C, 82-4; 
H, 53%). The m. p. recorded in D.R.P. 566521 is 171—172°. 

2:5:2” : 5’-Tetramethoxy-p-terphenyl.—Dinitrosodiacetyl-1 : 4-phenylenediamine (5 g.) 
(prepared by the action of nitrous fumes on diacetyl-1 : 4-phenylenediamine as described in Part 
I, loc. cit.) was added in small portions with stirring to molten quinol dimethyl ether (100 g.) 
maintained at 50—55°. Nitrogen was freely evolved and, after 1 hour, the temperature was 
gradually raised to 90° during the next 2 hours. - The dark residue, left on removal of excess 
quinol dimethyl ether in superheated steam, distilled at 150°/10-* mm. as a solid (0-4 g.), which 
crystallised from glacial acetic acid in colourless prisms, m. p. 159—160° (Found: C, 75-7; 
H, 6-2. Cy gH,,O, requires C, 75-4; H, 6-2%). 

Attempted Nitrosation of 2-Methoxydiacetyl-1 : 4-phenylenediamine.—A suspension of 2- 
methoxy-NN’-diacetyl-1 : 4-phenylenediamine (3 g.), obtained from 2 : 5-diaminoanisole by boiling 
with a mixture of glacial acetic acid and acetic anhydride in the usual way (white prisms from 
alcohol, m. p. 220—222°. Found: N, 12-8. C,,H,,0O,N, requires N, 12-6%), in a mixture of 
glacial acetic acid (70 c.c.) and acetic anhydride (20 c.c.), containing phosphoric oxide (0-5 g.), 
was cooled to 8° and treated with nitrous fumes for 3} hours. A yellow solid, regarded as 
5-nitro-2-methoxydiacetyl-1 : 4-phenylenediamine, was obtained on pouring the reaction mixture 
into water; it crystallised from glacial acetic acid in yellow needles, m. p. 258—259° (Found : 
C, 49-4; H, 4-4. C,,H,,0,;N, requires C, 49-4; H, 4:9%). 


B. Methyl Derivatives. 


Reaction of 4-Nitrosoacetamidodiphenyl with Toluene.—4-Nitrosoacetamidodipheny] (10 g.) was 
allowed to react with toluene (800 c.c.) at 18° exactly as described above for the corresponding 
reaction with anisole. Excess toluene was removed by distillation under reduced pressure, 
leaving a dark brown residue, which distilled at 100—150°/10-* mm. as a white solid (2-5 g.). 
Fractional crystallisation from alcohol gave three distinct crops of crystals in the following order : 
(i) 4-methyl-p-terphenyl (0-8 g.), in plates from alcohol, m. p. 207—208°, identical with an 
authentic specimen (see below) (Found: C, 93-3; H, 6-4. Calc. for C,,H,,: C, 93-4; H, 
6-6%); (ii) 3-methyl-p-terphenyl (0-1 g.), in needles from alcohol, m. p. 169—170° (Found : 
C, 93-2; H, 6-7%); (iii) 2-methyl-p-terphenyl (0-9 g.), in plates from alcohol, m. p. 91—92°, 
undepressed on admixture with the synthetic specimen described below (Found: C, 93-3; 
H, 6-5%). 

Reaction of Diatzotised p-Nitroaniline with Toluene in Presence of Alkali.—An ice-cold sus- 
pension of p-nitroaniline hydrochloride, prepared by rapid cooling and stirring of a hot mixture 
of p-nitroaniline (70 g.), concentrated hydrochloric acid (270 c.c.), and water (50 c.c.), was 
diazotised by the slow addition of a solution of sodium nitrite (36 g.) in water (100c.c.). Toluene 
(2000 c.c.) was added, and the vigorously stirred mixture treated dropwise with a 40% aqueous 
solution of sodium hydroxide until just alkaline, the temperature being maintained at 5° by 
addition of ice, after which stirring was continued at room temperature overnight (cf. Gomberg 
and Bachmann, J. Amer. Chem. Soc., 1924, 46, 2339). The mixture, previously rendered just 
acid to facilitate filtration, was filtered from a tarry residue; the residue was extracted with 
hot toluene, and this extract combined with the toluene layer from the original filtrate. After 
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removal of excess toluene, the residual oil was distilled under reduced pressure. The fraction, 
b. p. 195—230°/15 mm., consisted of practically pure 4-nitro-2’-methyldiphenyl (10 g.), which 
crystallised from alcohol in yellow needles, m. p. 103—104° (Bamberger, Ber., 1895, 28, 404; 
cf. Kiihling, ibid., p. 43; 1896, 29, 166; Kliegl and Huber, ibid., 1920, 53, 1646), while that 
boiling at 235—255°/15 mm. was mainly 4-nitro-4'-methyldipheny]l (5 g.), which separated from 
alcohol in pale yellow needles, m. p. 138—139°, identical with the product prepared by Grieve 
and Hey (J., 1932, 1891) by nitration of 4-methyldiphenyl. On raising the distillation tem- 
perature above 260°, violent decomposition occurred. 

2-Methyl-p-terphenyl—A solution of 4-nitro-2’-methyldiphenyl (10 g.) in boiling 95% 
alcohol (100 c.c.) was treated with a hot solution of stannous chloride (70 g.) in concentrated 
hydrochloric acid (70 c.c.) in the usual way, and the corresponding base, isolated as a colourless 
oil, was boiled with a mixture of acetic anhydride (10 c.c.) and glacial acid (30 c.c.) to give 
4-acetamido-2’-methyldiphenyl (7-5 g.), which crystallised from aqueous alcohol in plates, m. p. 
146—147° (cf. Bamberger, Joc. cit.). Nitrous fumes were passed for 70 minutes into a solution of 
the acetyl compound (5 g.) in a mixture of glacial acetic acid (100 c.c.) and acetic anhydride 
(50 c.c.), containing phosphoric oxide (1 g.), cooled to 8°. The nitroso-compound, obtained as 
a yellow oil on dilution of the reaction mixture with excess iced water, was immediately extracted 
with benzene (600 c.c.). The benzene extract, washed twice with water, was kept at room 
temperature over anhydrous sodium sulphate, whereupon nitrogen was slowly evolved. After 
24 hours the decanted solution was concentrated, and distillation of the residue at 80°/10-? mm. 
gave 2-methyl-p-terphenyl (0-9 g.), which crystallised from alcohol in colourless plates, m. p. 
91—92°, both alone and on admixture with the corresponding compound described above. 

Oxidation of 2-Methyl-p-terphenyl.—A solution of the hydrocarbon (0-5 g.) in glacial acetic 
acid (40 c.c.) was boiled with a solution of chromic anhydride (1-5 g.) in dilute acetic acid (10 
c.c.) for 4 hours, and the product, precipitated with water, was dissolved in ether and extracted 
with alkali. Acidification of the alkaline extract gave an acid, regarded as 2-methyldiphenyl- 
4'-carboxylic acid, which crystallised from glacial acetic acid in colourless needles, m. p. 173— 
175° (Found: C, 78-9; H, 5-5. C,,H,,O, requires C, 79-2; H, 5-7%). 

4-Methyl-p-terphenyl.—-The reduction of 4-nitro-4’-methyldiphenyl, carried out as described 
above for 4-nitro-2’-methyldiphenyl, yielded 4-amino-4’-methyldiphenyl, m. p. 95—97° (cf. 
Grieve and Hey, Joc. cit.), from which 4-acetamido-4’-methyldiphenyl, m. p. 217—219° (cf. 
Klieg] and Huber, loc. cit.), was obtained by boiling with acetic anhydride in the usual way. 
Nitrous fumes were passed for 1} hours into a solution of the acetyl compound (4-6 g.) in a 
mixture of glacial acetic acid (120 c.c.) and acetic anhydride (60 c.c.), containing phosphoric 
oxide (1 g.), cooled to 8°. The nitroso-compound, which partly separated in yellow prisms 
(m. p. 105°, decomp.) from the resulting green solution, was isolated in almost theoretical yield 
by dilution with excess iced water. A solution of the dry nitroso-compound (5 g.) in benzene 
(300 c.c.) was stirred for 12 hours at room temperature, and the product, obtained after removal 
of excess benzene, on distillation at 150°/10-* mm. gave 4-methyl-p-terphenyl (2-4 g.), which 
crystallised from glacial acetic acid in colourless plates, m. p. 207—208°, identical with the corres- 
ponding compound described above (cf. von Braun, Irmisch, and Nelles, loc. cit., who give 
m. p. 206—208°). Oxidation, carried out with chromic anhydride in acetic acid solution as 
previously described for 2-methyl-p-terphenyl, gave -terphenyl-4-carboxylic acid (m. p. 
303—305° from glacial acetic acid), apparently identical with the acid (m. p. 305°) previously 
reported by von Braun, Irmisch, and Nelles (loc. cit.) (Found: C, 83-0; H, 5-3. Calc. for 
CisH,,0,: C, 83-2; H, 5-1%). 

2:5: 2" : 5’-Tetramethyl-p-terphenyl.—Dinitrosodiacetyl-1 : 4-phenylenediamine (7 g.) was 
added gradually with stirring to p-xylene (450 c.c.) maintained at 50—55°. Nitrogen was freely 
evolved, and after 3 hours the temperature was raised to 90° for 2 hours. The reaction mixture 
was filtered from a small amount of insoluble matter and, after removal of p-xylene by distillation 
first at atmospheric pressure and finally under reduced pressure, the residue distilled at 140— 
150°/4 mm. The oily distillate (0-8 g.) rapidly solidified, and on crystallisation from methyl 
alcohol 2: 5 : 2” : 5’’-tetramethyl-p-terphenyl separated in almost colourless needles, m. p. 112— 
113° (Found: C, 92-4; H, 7-6. C,,H,, requires C, 92-3; H, 7-7%). 


One of the authors (H. F.) is indebted to the Carnegie Trust for the award of a Scholarship. 
Thanks are also due to Imperial Chemical Industries Ltd. (Dyestuffs Group) for a grant and gifts 
of chemicals. 
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273. Studies in the Terphenyl Series. Part III. The Preparation 
and Nitration of m-Terphenyl. 
By H. France, I. M. HEILBRonN, and D. H. Hey. 


Known methods for the preparation of m-terphenyl (1 : 3-diphenylbenzene) are 
reviewed and two new methods are described, which may be represented briefly as 
follows : (a) phenyldihydroresorcinol —-> 5-chloro-1-phenyl-A‘-cyclohexen-3-one ——-> 
3-phenylcyclohexanone ——> 1 : 3-diphenylcyclohexanol ——> 1 : 3-diphenyl-A*-cyclo- 
hexene ——> m-terphenyl; (b) nitroso-m-nitroacetanilide —-> 3-nitrodiphenyl —-> 3- 
aminodiphenyl ——-> 3-nitrosoacetamidodiphenyl —-> m-terphenyl. The nitration of 
the hydrocarbon gives 4’-nitro-m-terphenyl, the constitution of which is proved by 
its oxidation to 2-nitvodiphenyl-5-carboxylic acid, which is synthesised by an unam- 
biguous method. Further nitration of the hydrocarbon yields a dinitro- and finally 
a trinitro-derivative. Constitutions for the latter are suggested. 


There has been no systematic investigation of the chemistry of m-terphenyl * (1 : 3- 
diphenylbenzene) although the hydrocarbon has been obtained, usually in small quantity, 
by several previous investigators. The pyrogenic synthesis of the hydrocarbon, in which 
it is produced in small yield together with diphenyl and #-terphenyl, has been recorded 
by several workers, who obtained it either by passing benzene vapour through a red-hot 
tube (Schultz, Annalen, 1874, 174, 230; Schmidt and Schultz, zbid., 1880, 203, 118; 
Carnelley, J., 1880, 37, 712; Olgiati, Ber., 1894, 27, 3385; Mannich, 2b7d., 1907, 40, 159) 
or by heating benzene under pressure at 525° for 48 hours (Herndon and Reid, J. Amer. 
Chem. Soc., 1928, 50, 3069). It thus forms a normal by-product in the preparation of 
diphenyl from benzene. It is also formed, together with #-terphenyl and chlorobenzene, 
when solid benzenediazonium chloride is allowed to react with molten diphenyl in the 
presence of aluminium chloride (Méhlau and Berger, Ber., 1893, 26, 1998). The hydrocarbon 
was synthesised by Chattaway and Evans (J., 1896, 69, 980) by the action of sodium 
on a solution of m-dichlorobenzene and chlorobenzene in boiling xylene. m-Terphenyl 
has also been isolated in small amount from diverse reactions including the dry distillation 
of 3: 5-diphenylbenzoic acid (Gastaldi and Cherchi, Gazzetta, 1915, 45, ii, 251), and the 
dehydrogenation of either 1 : 3-diphenylcyclohexane (Nenitzescu and Curcdneanu, Ber., 
1937, 70, 346) or the mixture of isomeric dodecahydroterphenyls obtained by the Friedel- 
Crafts condensation of p-cyclohexyleyclohexyl bromide with benzene (von Braun, Irmisch, 
and Nelles, Ber., 1933, 66, 1471). 

In the present investigation two new methods of preparation of m-terphenyl have been 
developed. In the first, phenyldihydroresorcinol (I), readily prepared from benzylidene- 
acetone and malonic ester (Vérlander, Ber., 1894, 27, 205; Michael, idid., p. 2126; Crossley 
and Renouf, J., 1915, 107, 608), was converted by means of phosphorus trichloride in chloro- 
form solution into 5-chloro-l-phenyl-A*-cyclohexen-3-one (II) as described by Boyd, 
Clifford, and Probert (J., 1920, 117, 1383). These authors converted the latter into 3- 
phenylceyclohexanone (III) by reduction with sodium in moist ether to yield 3-phenyl- 
cyclohexanol, which in turn was oxidised to the required ketone by means of chromic acid. 
It is now shown that the chloro-ketone (II) can be converted directly into 3-phenylcyclo- 
hexanone (III) by hydrogenation in the presence of a palladium catalyst. The ketone 
(III) was then treated with phenylmagnesium bromide in the usual way to yield the tertiary 
alcohol (IV), which without further purification was dehydrated with formic acid to give 


* The method of numbering the carbon atoms in m-terphenyl used in this series of papers is as 
ollows ; 
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1 : 3-diphenyl-A®-cyclohexene (V) (and/or the isomeric 1 : 3-diphenyl-A*-cyclohexene), 
which finally yielded m-terpheny] (VI) on dehydrogenation with sulphur in boiling quinoline. 


CHPh CHPh CHPh 


CH, CH, 
<— CH, CPh <— CH, CPh-OH 
‘ 2 ‘oust 
cH cH, 


(VI.) (V.) (IV.) 


yl 
| N(NO)-CO-CH, 


<-— 
\ NO, 


N(NO)-CO-CH, NO, 
(IX.) (VIII.) (VII.) 


In the second method of synthesis, 3-nitrodiphenyl (VIII), prepared in 63% yield from 
the interaction of nitroso-m-nitroacetanilide (VII) with benzene, was reduced to 3-amino- 
diphenyl and subsequently acetylated and nitrosated in the usual manner. The resulting 
3-nitrosoacetamidodiphenyl (IX) reacted with benzene to give m-terphenyl (VI). 

The direct nitration of m-terphenyl with fuming nitric acid was found by Schmidt and 
Schultz (loc. cit.) to yield a trinitro-derivative of unknown constitution. Attention was 
redirected to the subject by Wardner and Lowy (J. Amer. Chem. Soc., 1932, 54, 2510). 
By treatment of m-terphenyl in suspension in acetic anhydride at 0° with fuming nitric 
acid and subsequent warming, they obtained a mononitro-derivative as an uncrystallisable 
oil, which on oxidation yielded a hitherto unreported nitrodiphenylcarboxylic acid, which 
could not be further oxidised. They regarded this nitro-m-terphenyl as either 2- or 4’- 
nitro-m-terphenyl. These authors also described the corresponding base obtained by cata- 
lytic reduction of the nitro-compound. They further showed that on treatment of the 
hydrocarbon with a mixture of sulphuric and nitric acids at 40° a dinitro-derivative resulted 
from which a small amount of #-nitrobenzoic acid could be isolated on oxidation. Finally, 
a trinitro-derivative, apparently identical with that previously prepared by Schmidt and 
Schultz (loc. cit.), was formed on treatment of m-terphenyl, or its mononitro-derivative, 
with fuming nitric acid in glacial acetic acid at 30°. The trinitro-derivative, as previously 
observed by Schmidt and Schultz (loc. cit.), was resistant to oxidation by chromic acid. 

The nitration of m-terphenyl has now been reinvestigated. A mononitro-derivative, 
corresponding in properties with that described by Wardner and Lowy (loc. cit.), was 
prepared on treatment of m-terphenyl with concentrated nitric acid in glacial acetic acid at 
85—90°. On oxidation it gave in good yield an acid, probably identical with that 
described by these authors, which is now shown by unambiguous synthesis to be 2-nitro- 
diphenyl-5-carboxylic acid (XI), thus proving the mononitro-derivative of the hydrocarbon 
to be 4’-nitro-m-terphenyl (X). The synthesis of the acid was effected by allowing the 
nitroso-derivative (XII) of 4-nitro-m-acetotoluidide to react with benzene, followed by 
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oxidation of the resulting 2-nitro-5-methyldiphenyl (XIII) to the required 2-nitrodiphenyl- 
5-carboxylic acid (XI). It is pv that in the direct chlorination and bromination 


CH, CO,H 


Oywovo CO-CH, + | Jph — Con sone a 


No, No, No, 
(XII) name ‘ (XI.) (X.) 


of m-terpheny] it has been shown (Cook and Cook, J. Amer. Chem. Soc., 1933, 55, 1212) that 
the halogen atom enters the 4’-position. 4’-Acetamido-m-terphenyl was prepared from 4’- 
nitro-m-terphenyl in the usual way and found to correspond in melting point with that of 
the product previously described but not characterised by Wardner and Lowy (loc. cit.). 
A dinitro-derivative of m-terphenyl, apparently identical with that reported by Wardner 
and Lowy (loc. cit.), was prepared on treatment of the hydrocarbon with concentrated 
nitric acid at about 90° for 20 minutes and, as previously observed, oxidation yielded 
p-nitrobenzoic acid. Nitration of either m-terphenyl or 4’-nitro-m-terphenyl with fuming 
nitric acid in glacial acetic acid solution gave a trinitro-m-terphenyl, apparently identical 
with that obtained by the earlier workers, which was unaffected by boiling with chromic 
anhydride in glacial acetic acid solution. 

With regard to the constitution of the dinitro-m-terphenyl, the presence of a nitro-group 
in position 4’, as established by the proof of the constitution of the mononitro-m-terphenyl, 
together with the fact that p-nitrobenzoic acid is obtained on oxidation, suggests two 
possible structures, viz., (XIV) and (XV), but the available experimental evidence is 
not sufficient to enable an unequivocal decision to be made between them. In the case of 
the trinitro-m-terpheny] the resistance to oxidation suggests the presence of one nitro-group 
in each of the three nuclei (cf. 4 : 2’ : 4” -trinitro-p-terphenyl; France, Heilbron, and Hey, 
J., 1938, 1364). One nitro-group is at position 4’, since further nitration of 4’-nitro-m-ter- 
phenyl yields the trinitro-m-terphenyl. The remaining two nitro-groups are most probably 
at positions 4 and 4” as in (XVI). 


NO, NO, 


NO, 


No, No, No, 
(XIV.) (XV.) (XVI1.) 


EXPERIMENTAL. 


3-Phenylcyclohexanone.—5-Chloro-1-phenyl-A*-cyclohexen-3-one (18-5 g.), prepared as 
described by Boyd, Clifford, and Probert (loc. cit.), in alcohol (140 c.c.) was hydrogenated 
at room temperature in the presence of gum arabic (0-5 g.), dissolved in the minimum amount 
of water, and palladium chloride (0-5 g.) (cf. Skita and Franck, Ber., 1911, 44, 2862). The 
absorption of hydrogen was extremely rapid, the reaction being complete in 5—7 mins. After 
filtration, the reaction mixture was evaporated to half bulk, diluted with water, and thoroughly 
extracted with ether. Distillation of the extract at 155—157°/15 mm. gave 3-phenyleyclo- 
hexanone (11 g.), identified as its semicarbazone, which separated from alcohol in needles, m. p. 
166—167° (Found : C, 67-9; H, 7-3. Calc. for C,;H,,ON;: C, 68-0; H,7-4%). Boyd, Clifford, 
and Probert (loc. cit.) record m. p. 166—167° for 3-phenylcyclohexanonesemicarbazone. 

m-Terphenyl (Method 1).—A solution of 3-phenylcyclohexanone (18 g.) in absolute ether 
(25 c.c.) was added gradually to an ice-cold solution of phenylmagnesium bromide in absolute 
ether (45 c.c.) (prepared from bromobenzene, 18 g.; magnesium, 2-7 g.), and after the initial 
reaction had subsided, the mixture was gently refluxed for 1 hour. After the addition of 
iced 5% sulphuric acid, the crude tertiary alcohol, extracted with ether, was obtained as a 
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colourless oil (26 g.), which, without further purification, was dehydrated by dissolving in 98% 
formic acid (100 c.c.) (cf. Sherwood, Short, and Stansfield, J., 1932, 1833). The solution rapidly 
became turbid, and in the course of 2 hours separated into two layers. After dilution with 
water, the product was extracted with ether, and the extract washed successively with dilute 
alkali and water. Evaporation of the ether gave 1 : 3-diphenyl-A®-cyclohexene (and/or 1 : 3- 
diphenyl-A?-cyclohexene) (13 g.) as a colourless oil, b. p. 198—200°/18 mm. (Found: C, 92-5; 
H, 7°4. Cy,sH,, requires C, 92-3; H, 7-7%). The product was dehydrogenated by boiling 
in solution in quinoline (35 c.c.), containing sulphur (5 g.), for 36 hours. After removal of 
quinoline with hot dilute sulphuric acid, distillation of the residue at 90°/10-* mm. gave 
m-terphenyl (9 g.), which separated from hot alcohol in colourless needles, m. p. 89° (Found : 
C, 93-6; H, 6-2. Calc. for C,,H,,: C, 93-9; H, 61%). 

3-Nitrodiphenyl.—Nitrous fumes were passed for 2—3 hours into a stirred solution of 
m-nitroacetanilide (10 g.) in a mixture of glacial acetic acid (150 c.c.) and acetic anhydride (50 
c.c.) cooled to 8°. The nitroso-compound, which separated as a yellow oil on dilution of the 
resultant deep green solution with iced water, was immediately extracted with benzene (600 
c.c.), and the extract, after being rapidly washed twice with iced water to remove acetic acid 
as far as possible, was kept at room temperature over anhydrous sodium sulphate, whereupon 
nitrogen was slowly evolved. After 24 hours the decanted solution was concentrated, and 
distillation of the residue at 200—205°/20 mm. gave 3-nitrodiphenyl (7 g., 63%), which crystal- 
lised from methyl alcohol in yellow plates, m. p. 58—59°. This method of preparation is an 
improvement on those of Gomberg and Bachmann (J. Amer. Chem. Soc., 1924, 46, 2339) and 
of Blakey and Scarborough (J., 1927, 3003), which give 3-nitrodipheny] in yields of 18 and ca. 
15% respectively. The yield of 3-nitrodiphenyl depends on the quantity of nitrous fumes used 
and the speed at which they are introduced. Under-nitrosation results in contamination of the 
product with unchanged m-nitroacetanilide, and over-nitrosation leads to gross decomposition. 

m-Terphenyl (Method I1).—Nitrous fumes were passed for 3 hours into a stirred solution of 
3-acetamidodiphenyl (10 g.) (prepared from 3-nitrodiphenyl as described by Blakey and Scar- 
borough, Joc. cit.) in a mixture of glacial acetic acid (100 c.c.) and acetic anhydride (25 c.c.), con- 
taining phosphoric oxide (1 g.), cooled to 8°. The nitroso-compound, which separated as an 
oily solid when the resulting deep green solution was poured into excess iced water, was ex- 
tracted with benzene (600 c.c.) and treated exactly as described above in the preparation of 
3-nitrodiphenyl. After removal of excess benzene, the dark brown residue on distillation at 
90°/10-* mm. gave m-terphenyl (2-6 g.), m. p. 89° from alcohol. 

Nitration of m-Terphenyl.—(i) A solution of nitric acid (d 1-42, 20 c.c.) in glacial acetic acid 
(15 c.c.) was added to a solution of m-terpheny] (5 g.) in glacial acetic acid (50 c.c.) at 60°. No 
reaction was apparent at this temperature, but on heating at 85—-90° for 2—3 hours nitrous 
fumes were evolved. The viscous yellow oil which separated on pouring the reaction mixture 
into water was extracted with ether, and the extract washed successively with dilute alkali and 
water. The residual oil obtained on removal of the ether gave, on distillation at 80°/10-* mm., 
4’-nitvo-m-terphenyl (4-5 g.) as a pale yellow oil, which could not be crystallised from the usual 
solvents and did not solidify on keeping for 15 months (Found: C, 78-5; H, 4:7. C,gH,,;0,N 
requires C, 78-3; H,4-9%). Reduction of 4’-nitro-m-terphenyl with stannous chloride in hydro- 
chloric acid solution in the usual way yielded the amine which, however, could not be obtained 
in a crystalline state (cf. Wardner and Lowy, Joc. cit., who give m. p. 64°). On boiling with 
acetic anhydride, it gave 4’-acetamido-m-terphenyl, which crystallised from 60% alcohol in colour- 
less needles, m. p. 116—117° (Found : C, 83-2; H, 6-1. C,9H,,ON requires C, 83-6; H, 6-0%). 
Wardner and Lowy (loc. cit.) record m. p. 117° for their acetamido-m-terphenyl. 

(ii) A mixture of m-terphenyl (2 g.) and nitric acid (d 1-42, 30 c.c.) was warmed to 80—90° 
with frequent shaking, the hydrocarbon gradually passing into solution. After a further 
15 minutes the mixture was cooled, and the separated solid, crystallised several times from glacial 
acetic acid, gave a dinitro-m-terpheny] (0-4 g.) in small yellow prisms, m. p. 213—215°, apparently 
identical with the similar compound described by Wardner and Lowy (loc. cit.) who give m. p. 
214° (Found: C, 67-1; H, 3-6. Calc. for C,,H,,O,N,: C, 67-3; H,3-75%). From the original 
filtrate a yellow oil was obtained on dilution with water which corresponded in properties with 
the mononitro-compound described above. 

(iii) Fuming nitric acid (d 1-5, 3-5 c.c.) was added dropwise during 15 minutes to a mixture 
of m-terpheny] (1 g.) and glacial acetic acid (5 c.c.) at 40°, and the solution finally heated at 100° 
for 1 hour. The addition of a few drops of water to the cold reaction mixture caused deposi- 
tion of a yellow crystalline solid (1 g.), which separated from glacial acetic acid in pale yellow 
needles, m. p. 199—200°, apparently identical with the trinitro-m-terphenyl described by 
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Wardner and Lowy (loc. cit.), who record m. p. 204° (Found : C, 59-2; H, 3-3; N, 11-35. Calc. 
for CygH,,O,N,: C, 59-2; H, 3-0; N, 115%). 

Nitration of 4'-Nitro-m-terphenyl_—Fuming nitric acid (d 1-5, 3-5 c.c.) was added dropwise 
to a solution of 4’-nitro-m-terphenyl (0-5 g.) in glacial acetic acid (5 c.c.) at 30°, and the tem- 
perature was finally raised to 90° for 30 minutes. The yellow solid, which separated on dilution 
of the reaction mixture with water, crystallised from glacial acetic acid in yellow needles, m. p. 
199—200° both alone and admixed with the trinitro-compound obtained by direct nitration 
of the hydrocarbon. 

Oxidation of 4'-Nitro-m-terphenyl.—To a solution of the nitro-compound (2 g.) in hot glacial 
acetic acid (20 c.c.), a solution of chromic anhydride (10 g.) in a mixture of water (5 c.c.) and 
glacial acetic acid (20 c.c.) was added dropwise, and the mixture boiled for 5 hours under reflux ; 
the product, which was precipitated by the addition of water, was filtered off, dissolved in 
ether, and extracted with alkali. Acidification of the alkaline extract precipitated 2-mniiro- 
diphenyl-5-carboxylic acid (0-6 g.), which crystallised from alcohol in yellow plates, m. p. 220— 
221°, undepressed on admixture with an authentic specimen prepared as described below. 
Wardner and Lowy (loc. cit.) record m. p. 227° (after sublimation) for the acid obtained on 
oxidation of their nitro-m-terphenyl. 

2-Nitro-5-methyldiphenyl.—4-Nitro-m-acetotoluidide (m. p. 86—87°) was prepared by 
nitration of m-acetotoluidide by the method of Cohen and Dakin (J., 1903, 83, 333) in which it 
is formed in small yield together with the 6-isomeride, and was shown to be identical with a 
sample kindly supplied by Dr. A. McGookin of Liverpool University. Nitrosation of 4-nitro-m- 
acetotoluidide (5 g.) dissolved in a mixture of glacial acetic acid (100 c.c.), acetic anhydride 
(50 c.c.), and phosphoric oxide (1 g.) in the usual way gave an oily nitroso-compound, which was 
extracted with benzene (500'c.c.) and kept at 35°. After removal of benzene, the residue on 
distillation at 140—150°/1 mm., gave 2-nitro-5-methyldiphenyl (3-5 g.), which crystallised from 
alcohol in yellow needles, m. p. 86—87° (Found: C, 73-5; H, 5-1. C,;H,,0O,N requires C, 73-2; 
H, 52%). 

2-Nitrodiphenyl-5-carboxylic acid.—A solution of 2-nitro-5-methyldipheny] (2-5 g.) in glacial 
acetic acid (40 c.c.) was refluxed with a solution of chromic anhydride (3 g.) in 80% aqueous 
acetic acid (12 c.c.) for 2 hours, and the product, precipitated with water, was filtered off, dis- 
solved in ether, and extracted with alkali. Acidification of the alkaline extract gave 2-nitro- 
diphenyl-5-carboxylic acid (0-4 g.), which separated from alcohol in yellow plates, m. p. 220— 
221° (Found: C, 64:4; H, 3-8. C,,;H,O,N requires C, 64-2; H, 3-7%). Evaporation of the 
ethereal extract gave unchanged 2-nitro-5-methyldiphenyl. 

Oxidation of Dinitro-m-terphenyl._—The dinitro-compound (0-4 g.), oxidised in boiling glacial 
acetic acid with excess chromic anhydride in the usual way, gave ~-nitrobenzoic acid (0-1 g.), 
m. p. and mixed m. p. 238°. Apart from a small amount of starting material, no other product 
could be isolated. 


One of the authors (H. F.) is indebted to the Carnegie Trust for the award of a Scholarship. 


THE UNIVERSITY, MANCHESTER. [Received, June 14th, 1939.) 





274. Radioactive Sulphur for Biochemical Experiments. 
By James L. Tuck. 


In order to determine whether radioactive sulphur in organic thio-compounds could 
be used in biological investigations, experiments were made to discover whether the 
sulphur exchanged with radioactive sulphur as H,S, S’”, and SH’ in aqueous solution. 
Although 5% of exchange could have been detected, none was observed. 


THE choice of a radioactive indicator in the study of such physiologically important com- 
pounds as amino-acids and proteins seems to be restricted to sulphur, since it is the only 
constituent element having a radioactive isotope of reasonably long half-life (*S, 88 days, 
Buch and Anderson, Z. phystkal. Chem., 1936, B, 32, 238). 

Further, it seems likely that the very soft §-radiation from *S of upper limit 125 kV 
(Libby, J. Amer. Chem. Soc., 1937, 59, 2474) may result in a novel highly local effect in 
therapeutic application. The rise in glutathione content of cancer tumour coincident with 
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its fall in the rest of the body (Voegtlin and Thompson, J. Biol. Chem., 1926, 70, 801), and 
the abnormally low disulphide-group concentrations in cancer serum observed by Brdi¢ka 
and his co-workers (Brditka, Nature, 1937, 139, 330; Bergh, Henriques, and Schousboe, 
ibid., 1938, 141, 751) point to interesting curative possibilities, which are being investigated 
by Leo Szilard. 

All the above uses require that the radioactive sulphur shall not exchange between the 
labelled molecule and neighbouring sulphur atoms. Such an exchange would result from 
electrolytic dissociation, or from such process as attack and substitution by a negative ion 


(negative mechanism), 7.e., HS + R‘S*H-—> H’SR, + S*H and the nitroprusside test in 
mildly alkaline solution showed that ionisation of the SH group was a possibility. 

Of the biologically important compounds, cysteine, cystine, glutathione, methionine, and 
the proteins, the first forms a convenient representative, since it is structurally related to 
allof them. Hence, if its SH group were found to be non-labile, the same would apply to 
the sulphydril groups of the above class, and still more strongly to the disulphide linkages. 
The first experiments were therefore made with cysteine. 


The *5S was made by the neutron—proton reaction from chlorine as carbon tetrachloride 
containing a trace of sulphur as carrier. After alkaline oxidation of the product, the aqueous 
layer was treated by the repeated addition of phosphate and precipitation of silver phosphate 
in order to remove the *2P formed by the (”; a) reaction. The radioactive sulphur was then 
precipitated as barium sulphate. Much care was taken to ensure the complete removal of **P, 
as its activity is initially much greater than that of *°S, and it was readily co-precipitated with 
barium sulphate. Precipitates so contaminated lost radioactive phosphate by exchange in a 
boiling solution of sodium phosphate only very slowly. 

The activity of *5S is not detected by a normal $-ray counter having 0-l-mm. aluminium 
walls, and the counter used had walls of 0-008-mm. aluminium leaf with a movable source all 
inside a low-pressure envelope arranged in a manner similar to Libby’s screen wall counter 
(Physical Rev., 1934, 46, 196). 

The yield of **S is high; for instance, a single 500 mC radon—beryllium source used for 12 
days at the centre of a 1-litre flask of carbon tetrachloride produced an amount of *5S having an 
activity of 2000 impulses/min. The source used in this and all other measurements had a 
thickness corresponding to 3 mg./cm.? of barium sulphate, so there was some self absorption of 
the softer B-radiation. 

The activities observed in *5S and *?P after a short irradiation were approximately inversely 
proportional to their half-lives, so, allowance being made for self-absorption of the 6-radiation 
from *5S, it was formed at a greater rate than *2P under the conditions of irradiation given above. 

The following is a description of a characteristic experiment. A portion of barium sulphate 
containing radio-active sulphur was weighed, and the activity of a known fraction of it measured. 
The barium sulphate was then heated with sugar carbon for 10 hours. The resulting barium 
sulphide was decomposed by hot aqueous trichloroacetic acid, and the hydrogen sulphide passed 
through water, calcium chloride, and phosphoric oxide, and condensed in liquid air. The 
purified gas obtained by distillation was passed into an evacuated bulb containing air-free water 
(20 c.c.) and 84 mg. of cysteine hydrochloride. After 6 hours’ heating in a steam-jacket with 
constant shaking, the hydrogen sulphide was pumped off. This and the cysteine hydrochloride 
were then separately oxidised, and sulphur precipitated as barium sulphate. Samples of these 
were then measured for radioactivity : 


Activity after deduction 
Wt., g. of background (29-5). 

TATU Bg, cecccescosncscesastoccenccoces,, OEE — 
Measuring sample of above ............. 0-122 101 + 2-5 
BaSO, recovered from H,S ...........+++« —- 
Measuring sample of above 4 90+ 3 
Cysteine hydrochloride — 

BaSO, from cysteine hydrochloride ... , 0+1:5 


In order to test further the stability of the cysteine molecule, experiments were done under 
various conditions. In the last experiment the increased concentration of the HS’ ions would 
have given an increased velocity of exchange had a negative mechanism for exchange existed : 
no exchange was observed even at 100° although 5% could have been detected. 





Gibbs and Henry : 


Time, hrs. Temp. 


Cysteine hydrochloride + H,O + HS .........ccsseeeseeee 20 20° 
Cysteine hydrochloride + H,O + HS .........ssceceseeeeee 6 100 
Cysteine + H,O + NaSH + HS ..........cccce cesses eee ees 6 20 


It may be concluded, therefore, that the thiol group in cysteine and allied compounds is very 
firmly bound, and that radioactive sulphur may be used as a satisfactory indicator in such 
compounds, It also follows that the nitroprusside reaction with sulphydril is not an ionic one. 

Further experiments were carried out at 100° for 6 hrs. on the following organic thio- 
compounds : 

Thioglycollic acid + H,O + H,S 

Allylthiourea + H,O + H,S 

Thiourea + H,O + H,S 

Thiourea + H,O + NaSH + H,S 

Thiourea + H,O + NaSH + H,S + Cu” + Fe™ + Mn™ 
No exchange was observed, even in the presence of the above-mentioned metal ions which are 
known to catalyse reactions involving organic thio-compounds (Warburg and Sakuma, Arch. 
ges. Physiol., 1923, 200, 203; Baur and Preis, Z. physikal. Chem., 1936, B, 32, 65; Goldberg, 
Ber., 1904, 37, 4526). 

The above work has had some confirmation by the recent biological synthesis of glutathione 
containing radioactive sulphur (Franklin, J. Franklin Inst., 1939, p. 722). 


Thanks are due to Sir Robert Robertson, F.R.S., and the Court of the Salters’ Company for 
the award of a Fellowship, to Dr. Leo Szilard who foresaw a use for this work, and to Professor 
F. A. Lindemann, F.R.S., for much kind encouragement. 


[Received, June 8th, 1939.] 





275. Modified Cinchona Alkaloids. Part VII. The Constitution 
of Niquidine. 
By E.{M. Grpss and T. A. Henry. 


In Part VI (this vol., p. 240) a formula (II) was suggested for the two geometrical 
isomerides, niquidine and isoniquidine, formed in the dehalogenation of halogeno- 
dihydroquinidines (I; X = Hal.) by silver nitrate. Further evidence for this formula 
is now provided by a study of the oxidation products of “‘ niquidine ”’ (the mixture of 
the two geometrical isomerides) and dihydroniquidine (II; CH,-CH:CH-—> 
CH,°CH,°CH,’). On oxidation with potassium permanganate “ niquidine”’ yields 
acetaldehyde and two acids, C,,H,,O,N, and C,,H,,O,N;. The latter may be repre- 
sented by (IV), and the former by (IV) with the pyridyl ring reduced to piperidyl. 
Vigorous oxidation of dihydroniquidine with hydrogen peroxide leads to scission of the 
molecule at the secondary carbinol group, with the formation of quininic acid and its 
amine oxide, and from the 4-propylpiperidine ring, 6-propylglutaric acid (III) and 
ammonia, A similar decomposition ensues when dihydroquinidine (I; X =H) is 
oxidised by hydrogen peroxide, the products in this instance being quininic acid and its 
amine oxide, with w-ethylmethanetriacetic acid (B-(a’-carboxypropyl)glutaric acid] (V) and 
ammonia as the degradation products of the quinuclidine nucleus of the alkaloid. 


DomanskI and SuszKo (Bull. Acad. Polonaise, 1935, A, 457) oxidised ‘‘ niquidine ’’ with 
hydrogen peroxide, but were only able to isolate quininic acid from the products of the 
reaction. The présent authors, using the same reagent on dihydroniquidine (II; 

*CH:CH:-> *CH,°CH,"), which as shown in Part VI (loc. cit.) is formed by the hydrogenation 
of “‘ niquidine ’’ or either of its pair of isomeric components, niquidine and isoniquidine, 
obtained quininic acid and its amine oxide, together with ammonia and §-propylglutaric 
acid (III). The latter was identified by direct comparison of the acid, and of its 
diamide, anilide, and dianilide, with 6-propylglutaric acid, prepared by the method of 
Day and Thorpe (J., 1920, 117, 1471), and the corresponding derivatives. Wolffenstein 
(Ber., 1892, 25, 2777) found that piperidine on oxidation with hydrogen peroxide 
yielded ammonia and glutaric acid, and the formation of 8-propylglutaric acid from 
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dihydroniquidine clearly indicates the presence in this alkaloid of a 4-propylpiperidine 
nucleus. 

When “ niquidine ’’ is oxidised with ice-cold potassium permanganate solution there 
is formed acetaldehyde, identified as the dimedon derivative and the #-nitrophenyl- 
hydrazone. There can be little doubt, therefore, that the 4-propylpiperidine ring in 
dihydroniquidine arises from a 4-propenylpiperidine nucleus in niquidine and isoniquidine 
as required by formula (II), already suggested by the authors (loc. cit.) for these 
isomerides, 

The other products of the oxidation of “ niquidine ’”’ by potassium permanganate were 
isolated with difficulty and obtained only in minute quantity, but were eventually separated 
into two acids, Cy7H,,0,N, (substance E) and C,,H,,0,N, (substance F). The former acid 
contains one methoxyl and one carboxyl group. Having regard to these characteristics 
and to its source and mode of formation, it is suggested that it is represented by formula 
(IV) and that it arises from the C,,H,,0,N, acid by the conversion of a piperidine into a 
pyridine ring during oxidation. 

Since hydrogen peroxide yielded such well-defined results with dihydroniquidine, it 
was tried with several other bases consisting of, or containing, saturated heterocyclic 
nuclei, viz., «-pipecoline, tropine, and dihydroquinidine (I; X =H). «-Pipecoline yielded 
succinic and acetic acids (cf. Wolffenstein, Ber., 1893, , 2991); tropine gave tropinone 
and succinic acid, with ammonia and formic acid, the last two resulting no doubt from the 
methylimino-group of the alkaloid: all these substances have been obtained previously 
from these sources, or are to be expected, but dihydroquinidine furnished more interesting 
products, viz., quininic acid and its amine oxide and a new tribasic acid, w-ethylmethanetri- 


a oe CH,-CH:CH-CH——CH, CH, ’CH,CH,CH—CH, 
Hy Hy 
H, HO,C CO,H 


— 


+ + 
NH——CH NH, cout 
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(II.) (III.) 
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CHyCHy CH H——CH, niga vic HO,C-C—=CH 
CO,H CH, CO,H EtO, vil O,Et H 


O,H CO,Et li 
+ NH; + Q°CO,H (VI.) N=— 


(V.) 


Q = 6-Methoxyquinolyl substituted in position 4. 


acetic acid (V). The constitution assigned to the last was confirmed by its synthesis by 
appropriate change of starting materials, in the modified Michael method used by Kohler 
and Reid (J. Amer. Chem. Soc., 1925, 47, 2803) for the preparation of the lower homologue, 
methanetriacetic acid. Ethyl glutaconate was condensed with ethyl a-cyanobutyrate, 
and the resulting cyano-ester (VI) hydrolysed with constant-boiling hydrochloric acid to 
the required acid (V), which is identical with the acid formed by oxidation of dihydro- 
quinidine, with the exception that the oxidation product shows a small optical rotation of 
— 1-3°, and so far it has not proved possible to deracemise the synthetic acid. It is of 
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interest that the next lower homologue of the acid now described, viz., w-methylmethane- 
triacetic acid, was obtained by Skraup (Monatsh., 1900, 21, 879) as a degradation product 
of quinine, by the fusion of dimethylcincholoiponic acid with potassium hydroxide and, 
was synthesised by that author and more recently by Ingold and Perren (J., 1921, 119, 
1588). 

The action of hydrogen peroxide on a number of cinchona alkaloids, under milder 
conditions than those used by the present authors, was investigated by Speyer and Becker 
(Ber., 1922, 55, 1321), who prepared in this way amine oxides of the intact alkaloids in 
which the oxygen atom was assumed to be attached to the nitrogen atom of the quinuclidine 
ring. These alkaloidal amine oxides differ from quininic acid amine oxide in liberating 
iodine from potassium iodide and in undergoing reduction to the alkaloid on treatment with 
sulphurous acid. The latter is without action on quininic acid amine oxide, which can, 
however, be reduced to quininic acid by hydrogenation in presence of palladised barium 
sulphate. Quinine amine oxide is not deoxygenated on catalytic hydrogenation, but is 
converted into dihydroquinine amine oxide. 

In the preliminary investigation of methods for the preparation of niquidine (loc. cit.), 
a search was made for intermediate products between bromodihydroquinidine and 
“niquidine,”’ which might indicate the mechanism by which the —-CH,- group at position 
2 (I) is eliminated as formaldehyde, but none could be isolated. No record of a similar 
elimination of a cyclic methylene group has been found in the literature, but it is noteworthy 
that this reaction appears to be a reversal of a process, originally due to Pictet and Spengler 
(Ber., 1911, 44, 2030), by which condensation with formaldehyde, or methylal, has been 
employed to complete the formation of a heterocyclic ring in the synthesis of alkaloids, 
e.g., in the conversion of 1-homopiperonyl-6 : 7-dimethoxytetrahydrotsoquinoline to 
tetrahydro-y-epiberberine (Buck and Perkin, J., 1924, 125, 1677) and in the preparation of 
numerous derivatives of norharman, beginning with the synthesis of norharman itself from 
tryptophan and formaldehyde by Kermack, Perkin, and Robinson (J., 1921, 119, 1604). 


EXPERIMENTAL. 


As explained in Part VI (loc. cit.), it is convenient to use “ niquidine,” the mixture of the 
two geometrical isomerides, niquidine and isoniquidine, for degradation experiments such as 
those now described. 

Oxidation of ‘‘ Niquidine”’ by Potassium Permanganate.—The base (5 g.; [a]p — 234°) was 
dissolved in dilute sulphuric acid (10%, 53-5 c.c.), the solution cooled in melting ice, and potas- 
sium permanganate solution (4-05 g. in 140 c.c.) added drop by drop with constant stirring. 
Oxidation slackened after the addition of about 100 c.c. of the reagent, and the mixture had an 
odour of acetaldehyde. The filtrate from the manganese dioxide was steam-distilled. One 
half of the distillate was mixed with a little sodium chloride and an alcoholic solution of dimedon. 
The crystalline product, which separated in a few minutes, had m. p. 140° undepressed on 
admixture with the dimedon derivative of acetaldehyde. To the other half of the distillate a 
solution of p-nitrophenylhydrazine in 2N-sulphuric acid was added; the precipitate formed was 
collected, and after crystallisation from dilute alcohol (50%) had m. p. 128°, which remained 
unchanged on admixture with acetaldehyde-p-nitrophenylhydrazone. 

The manganese dioxide precipitate was dried in a vacuous desiccator and exhausted with 
boiling alcohol, yielding extract A (0-8 g.). It was then extracted with hot water and the filtrate 
added to the original liquor left after the removal of acetaldehyde. The combined liquors 
were neutralised, concentrated to about 50 c.c., made acid to Congo-red paper, and extracted 
continuously with ether (extract B, 0-1 g.). The liquid was then made alkaline and again ex- 
tracted continuously with ether (extract C, 2-3 g.). It was finally neutralised, taken to dryness, 
and the residue boiled with alcohol, yielding extract D, 0-4 g. Extract A on solution in a little 
dilute alcohol (70%) deposited a yellow substance, E, m. p. >300°. The filtrate from this was 
mixed with extracts B, C, and D, from which no crystalline product could be obtained, and the 
mixture re-oxidised in dilute sulphuric acid (1%) with potassium permanganate solution (4 g. 
in 100 c.c.) at room temperature. The alcoholic extract (A, corresponding to A above) of the 
dried manganese dioxide precipitate yielded a little more of substance E. The combined 
oxidation liquors, assembled as before, were neutralised, concentrated to low bulk, acidified with 
hydrochloric acid, and after cooling, filtered from crystalline matter, which was identified as 
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quininic acid. It formed slender needles, from 50% alcohol and showed no depression of m. p. 
290° (decomp.) on admixture with quininic acid (Found, for substance dried at 120° in a 
vacuum: C, 64-9; H, 4-65; N, 6-7; OMe, 15-2. Calc. for C,,H,O,N : C, 65-0; H, 4-5; N, 6-9; 
OMe, 15-3%). 

The filtrate was worked up as before, yielding extracts B,, C,, and D,. From B, a little 
more quininic acid was obtained, but as the others yielded no crystalline material they were 
united, dissolved in dilute sodium hydroxide solution, and the hot solution treated with charcoal, 
filtered, acidified, and extracted with ether, which removed a little more quininic acid. The 
filtrate was then neutralised, taken to dryness, and extracted with alcohol. The residue left 
on removal of the solvent was dissolved in a mixture of alcohol and acetone and this, on long 
standing, deposited crystals. The sticky crop so obtained was purified by concentration of a 
filtered solution in boiling water, yielding substance F. 

Substance E. This yellow product, after crystallisation from dilute hydrochloric acid (5%), 
formed needles, m. p. >300° (Found : loss in a vacuum at 120°, 19-9. Found, in substance so 
dried: C, 65-7; H, 4:1; N, 8-6; OMe, 9-9. C,,H,,0O,N, requires C, 65-8; H, 4-55; N, 9-0; 
OMe, 10%). The methyl ester after crystallisation twice from methyl alcohol had m. p. 168° 
(Found : C, 67-1; H, 4:5; N, 8-5; OMe, 19-1. C,gH,,0O,N, requires C, 66-7; H, 5-0; N, 8-6; 
OMe, 19-1%). 

Substance F. This forms long, prismatic, colourless crystals, m. p. 247° (air-dry; decomp.) 
(Found : loss at 110° in a vacuum, 5-2. Found, for substance so dried: C, 64:2; H, 6-5; N, 
9-0; OMe, 9-3 ; CMe, 0-4. C,,H2 0,N, requires C, 64-5; H, 6-4; N, 8-9; OMe, 9-8; CMe, nil%). 
Like substance E, it was obtained in too small quantity for detailed investigation, but its 
formation, composition and properties suggest that it is substance E with the pyridy] ring (as in 
IV) reduced to piperidyl. 

Oxidation of Dihydroniquidine by Hydrogen Peroxide.—Dihydroniquidine (10 g.) and hydrogen 
peroxide solution (100-vol., 50 c.c.) were heated on a boiling water-bath under a reflux condenser 
during 2 hours, with frequent agitation. After cooling, the aqueous liquor was decanted from 
the viscous oil formed, the latter dissolved in hot alcohol, and the crystalline matter (G) which 
separated was collected. The filtrate from this was evaporated to dryness, and the residue 
boiled with two portions (50 c.c.) of water, the aqueous extract being added to the original 
decanted, aqueous liquor and the whole made alkaline and boiled (ammonia evolved) for a few 
minutes to decompose unused peroxide. The liquor was then neutralised, concentrated to about 
50 c.c., made acid to Congo-red paper, and extracted with ether. The residue left on evaporation 
of the ether was dissolved in water, the solution treated with charcoal, filtered from a small 
amount of tar, and taken to dryness under reduced pressure to yield the acid residue, H. 

Examination of Residue G. Quininic Acid Amine Oxide.—This residue was partly soluble in 
dilute acid, and from the solution quininic acid was recovered and identified as described 
already (above). The portion insoluble in dilute acid crystallised from boiling alcohol in anhy- 
drous needles, m. p. 268° (decomp.). It is sparingly soluble in water, alcohol or dilute acid, 
readily soluble in sodium carbonate solution, and is acid to litmus (Found, for substance dried at 
110° in a vacuum : C, 60-1; H, 4-5; N, 6-7; MeO, 13-7. C,,H,O,N requires C, 60-3; H, 4-1; 
N, 6-4; MeO, 14:2%). It yields an ethyl ester crystallising in silky, yellow needles, m. p. 141°, 
and on hydrogenation in sodium hydroxide solution (0-23 g. in 1-2 c.c. of N-NaOH) in presence 
of palladised barium sulphate, it absorbed 24-2 c.c. of hydrogen (Calc.: 23-5 c.c.), yielding 
quininic acid, m. p. 288° (decomp.). These properties indicated that the substance was quininic 
acid amine oxide, and this was confirmed by comparison with the amine oxide prepared in the 
following manner. Quininic acid (1 g.) was dissolved in N-sodium hydroxide solution (5 c.c.) and 
hydrogen peroxide solution (100-vol., 10 c.c.) added, followed by sodium hydroxide solution 
(10%) drop by drop until the liquid was faintly alkaline to litmus. This mixture was then heated 
on a boiling water-bath for 4 hours, made acid to Congo-red paper with dilute sulphuric acid, 
and the crystalline precipitate collected, digested with dilute sulphuric acid (10%), and the 
insoluble matter collected and crystallised from boiling alcohol, from which it separated in 
needles, m. p. 272° (decomp.), showing no depression of m. p. below 268° on admixture with the 
dihydroniquidine oxidation product. 

Examination of Residue H. 8-Propylglutaric Acid.—As this acid residue could not be induced 
to crystallise, it was treated with thionyl chloride, and the resulting crude acid chloride slowly 
stirred into well-cooled, concentrated ammonia solution. The diamide so formed, after re- 
crystallisation, had m. p. 195° (Found, for substance dried at 105° in a vacuum: C, 55-95; 
H, 9-4; N, 15-9. C,H,,0,N, requires C, 55-8; H, 9-35; N, 16-3%). A further supply of acid 
residue H was converted via the crude acid chloride into the dianilide, which after recrystallis- 
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ation from alcohol had m. p. 219° (Found, for substance dried at 100° in a vacuum: C, 74-0; 
H, 7-7; N, 8-7. CyoH,,O,N, requires C, 74:0; H, 7°56; N, 86%). On hydrolysis by boiling 
with concentrated hydrochloric acid, the dianilide yielded the free acid, which crystallised from 
dilute hydrochloric acid (10%) in hexagonal prisms, m. p. 50° (Found, for substance dried at 
atmospheric temperature in a vacuum over sulphuric acid: C, 55:3; H, 7-95. Calc. for 
C,H,,0,: C, 55-1; H, 81%). 

These results indicated that the chief component of acid residue H was 6-propylglutaric 
acid, and the authors are greatly indebted to Professor Kon for the opportunity of confirming 
this identification by comparison with a specimen of Day and Thorpe’s original preparation. 
As the diamide and dianilide of this acid had not been prepared previously, a supply of the acid 
was made by Day and Thorpe’s process (Joc. cit.). The synthetic acid had m. p. 50° and yielded a 
diamide, m. p. 195°, and dianilide, m. p. 219°, none of which showed any depression of m. p. 
on admixture with the corresponding acid, diamide, and dianilide described above. The natural 
and the synthetic acid also both yielded the monoanilide, m. p. 128°, described by Day and 
Thorpe. 

Oxidation of Other Bases with Hydrogen Peroxide.—In the oxidation of dihydroniquidine by 
hydrogen peroxide as described above, a more concentrated reagent and a higher temperature 
were employed than those adopted by Wolffenstein (Joc. cit.) for the oxidation of piperidine and 
a-pipecoline. The authors found in oxidising bases soluble in water, such as pipecoline, tropine, 
and sparteine, that the reaction was too vigorous under the conditions found convenient in the 
case of dihydroniquidine, but that it could be moderated by using a salt instead of the base itself. 
The products formed in these oxidations have been enumerated already (p. 1295) and as they were 
all isolated by well-known methods, no further description need be given. 

Oxidation of Dihydroquinidine with Hydrogen Peroxide.—The reaction was carried out as 
described for dihydroniquidine (p. 1297) and the product worked up in thesame manner. The 
viscous oil formed, again yielded a mixture of quininic acid and its amine oxide, and the filtrate 
from this after removal of the alcohol used as solvent was re-oxidised and worked up as before. 
The combined aqueous extracts thus obtained were made alkaline, boiled (ammonia evolved) to 
remove excess of peroxide, acidified, and extracted with ether. The residue from this extract 
after the removal of some acetic acid under reduced pressure and of some tar by solution in a 
little water, was dried in a vacuum and converted via the crude acid chloride into the trianilide, 
which is sparingly soluble in most organic solvents but was eventually recrystallised from a mix- 
ture of methyl alcohol and ethyl acetate in minute anhydrous prisms, m. p. 280° (decomp.) 
(Found, for substance dried at 100° in a vacuum: C, 72-85; H, 6-4; N, 9-5. C,,H,,.O,N; 
requires C, 73:1; H, 6-6; N, 95%). The trianilide on boiling with hydrochloric acid (20%) 
until dissolved (15 hours) yielded by extraction with ether the free acid, which crystallised from 
hydrochloric acid (20%) in prisms, m. p. 120°, [«]p — 1-3° (¢ = 1-006 in water) (Found, for sub- 
stance dried at 100° in a vacuum: C, 49-5; H, 63. C,H,,O, requires C, 49-5; H, 65%). 
In the hope of securing an increased yield of this acid from the crude acid residue, the latter 
was converted into methylesters. Of this, a fraction, b. p. 85—200°/1 mm., was hydrolysed, the 
regenerated acids being extracted with ether, converted into the acid chlorides, and the latter 
treated with aniline. The product isolated on this occasion was a dianilide, which crystallised 
from alcohol in anhydrous needles, m. p. 222° (Found, for substance dried at 120° in a vacuum : 
C, 68-5; H, 6-4; N, 7-7. C,,H,,O,N, requires C, 68-45; H, 6-6; N, 7-6%). On hydrolysis by 
boiling with hydrochloric acid it yielded the same acid, m. p. 120°. 

As it seemed likely from its composition and mode of formation that this C,H,,O, acid might 
be w-ethylmethanetriacetic acid (V), the latter was synthesised by the method used by Kohler 
and Reid (loc. cit.) for the lower homologue, methanetriacetic acid. Ethyl «a-cyanobutyrate, 
prepared by Hessler’s method (J. Amer. Chem. Soc., 1913, 35, 990) and thoroughly dried, was 
mixed with ethyl glutaconate, also well dried, in alcoholic solution, and the mixture boiled under 
reflux condenser for 12 hours, care being taken to keep it just alkaline by addition of a little 
sodium ethoxide solution (1-8 g. of sodium in dry alcohol, 25 c.c.) to start with, and at intervals 
of about 2 hours afterwards. The reaction mixture was neutralised with acetic acid and distilled, 
the fraction, b. p. 180—200°/3 mm., being collected as the crude cyano-ester (VI) (yield 50%), 
which on hydrolysis by boiling with concentrated hydrochloric acid for several hours and subse- 
quent extraction with ether yielded a viscous, oily acid (yield 25%), which crystallised from 
hydrochloric acid in anhydrous prisms, m. p. 123—124° (Found, for acid dried in a vacuum at 
100°: C, 49-1; H, 6-4. C,H,,O, requires C, 49-5; H, 65%). Mixed m. p. determinations 
confirmed the identity of the synthetic and the natural acid and of their dianilides. This 
oxidation product of dihydroquinidine must therefore be w-ethylmethanetriacetic acid (V). 
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The acid yields crystalline salts with strychnine and cinchonine, but as might be expected 
with a substance showing such a small specific rotation, the results of attempted deracemisation 
of the synthetic acid by the use of these salts were uncertain, and so far no derivative of 
higher rotation has been found, which would serve as a satisfactory indicator of successful 
deracemisation. 


The authors are indebted to Messrs. Bennett and Clarke for micro-analyses and to Mr. R. 
Maidstone for much help in preparative work. 


WELLCOME CHEMICAL RESEARCH LABORATORIES, 
183 Euston Roap, Lonpon, N.W.1. [Received, July 10th, 1939.] 





276. <A Synthesis of 1: 12-Dimethyl-T-isopropyloctahydrophenanthrene- 
l-carboxylic Acid. 
By RosBert D. HAworTH and REUBEN L. BARKER. 


1-Methyloctahydrophenanthrene-1-carboxylic acid has been prepared by an application 
of the Bogert-Cook reactions to §-phenylethyl bromide and ethyl 2-methylcyclo- 
hexanone-2-carboxylate, and 1: 12-dimethyloctahydrophenanthrene-l-carboxylic acid 
has been prepared similarly from ethyl 2 : 6-dimethylcyclohexanone-2-carboxylate. The 
constitutions of the two acids were established by dehydrogenation to 1-methyl- 
phenanthrene. 

8-(3-isoPropylphenyl)ethyl bromide has been prepared and converted by a similar 
series of reactions into 1: 12-dimethyl-7-isopropyloctahydrophenanthrene-1-carboxylic 
acid. The absorption spectrum of this acid, which gives retene on dehydrogenation, 
resembled closely that of d-dehydroabietic acid, and it is concluded that the synthetical 
acid represents an optically inactive form of either dehydroabietic acid or a diastereo- 
isomeric modification. 


By the action of selenium dioxide in alcoholic solution, Fieser and Campbell (J. Amer. Chem. 
Soc., 1938, 60, 159) converted abietic acid (I) into hydroxyabietic acid (II), which was 
readily dehydrated in boiling acetic acid solution to dehydroabietic acid (III), m. p. 171°, 
[a] 61°, and it was subsequently shown (Fieser and Campbell, ibid., p. 2631; Ruzicka, 
Bacon, Sternbach, and Waldmann, Helv. Chim. Acta, 1938, 21, 591; Fleck and Palkin, 
J. Amer. Chem. Soc., 1937, 59, 1593; 1938, 60, 921, 2621) that pyroabietic acid, obtained 
by the action of heat on abietic acid, contains considerable quantities of dehydroabietic 
acid (III). 
Me CO,H Me CO, Me CO,H 


H 
Mel = |cHMe, Mel IcHMe, 
H 


(I.) (II.) (IIT.) 

A synthesis of an optically inactive form of 1 : 12-dimethyl-7-isopropyloctahydrophen- 
anthrene-l-carboxylic acid (III) is now communicated. Resolution of the acid has not 
been effected, but the publication of the results in their present stage is desirable in view of 
the intention of Sterling and Bogert (J. Org. Chem., 1939, 4, 24) to enter the same field. 
Our experiments, which have been in progress since April 1938, are based upon an applic- 
ation of the Bogert-Cook synthesis of polycyclic hydrocarbons. Preliminary experiments 
were made with ethyl 2-methyleyclohexanone-2-carboxylate (IV; R =H) which with 
8-phenylethylmagnesium bromide gave an oily carbinol (V; R’ = R” = H), yielding (VI; 
R’ = R” = H) on dehydration with potassium hydrogen sulphate. This cyclohexene 
derivative was cyclised with acetic-sulphuric acid to 1-methyloctahydrophenanthrene-1- 
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carboxylic acid (VII; R’ = R” = H), m. p. 187—188°, which yielded 1-methylphenanthrene 
on dehydrogenation with selenium. 
Me CO,Et Me CO,Et Me CO,H 


Me CO,Et xX Vai ee 


a , cH 
a \ cur x R PP 


HR | R” | IR” 
\ VA 
(IV.) —. (VI.) uf 
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Ethyl 2: 6-dimethylcyclohexanone-2-carboxylate (IV; R=Me), prepared from 2 
methyleyclohexanone by standard methods, was converted similarly via the carbinol 
(V; R’ = Me; R” = H) and the cyclohexene (VI; R’ = Me; R” = H), m. p. 122°, into 
1 : 12-dimethyloctahydrophenanthrene-1\-carboxylic acid (VII; R’ = Me; R’ =H), m. p. 
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233°. This acid sublimed during attempted dehydrogenation, but the methyl ester, m. p. 
129°, was readily converted into 1-methylphenanthrene by the action of selenium at 300°. 

After the investigation of a number of alternative routes, the method outlined below 
was adopted for the preparation of 8-(3-isopropylphenyl)ethyl bromide which wag required 
for the synthesis of dehydroabietic acid (ITI) : 


Cumene —-> 4-nitrocumene —-> 4-aminocumene 


3-bromo-4-aminocumene <—— 3-bromo-4-acetamidocumene <—— 4-acetamidocumene 


3-bromocumene —> B-(3-isopropylphenyl)ethyl alcohol —> B-(3-isopropylphenyl)ethyl bromide 


The Grignard compound of 8-(3-isopropylphenyl)ethyl bromide reacted with ethyl 
2 : 6-dimethyleyclohexanone-2-carboxylate (IV; R=Me), yielding the oily carbinol 
(V; R’ =Me; R” = CHMe,) which was dehydrated to the cyclohexene (VI; R’ = Me; 
R” =CHMe,). Cyclisation with acetic-sulphuric acid gave 1 : 12-dimethyl-7-isopropyl- 
octahydrophenanthrene-1-carboxylic acid (III), which yielded retene on dehydrogenation with 
selenium. This conversion into retene excludes the alternative structure with an 8- 
isopropyl group, and the fact that the absorption spectrum (Figure) of the synthetic acid 
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measured in 0-002 m-alcoholic solution closely resembles that of dehydroabietic acid (Fieser 
and Campbell, Joc. cit.) confirms the structure assigned to the acid. 

These experiments represent the first synthesis of the entire framework of abietic acid. 
The synthetic acid can exist in four diastereoisomeric forms, and until the completion of the 
resolution and reduction experiments which are now in progress it is impossible to state 
whether the synthetic acid represents dl-dehydroabietic acid or a diastereoisomer. 


EXPERIMENTAL. 


Ethyl 1-8-Phenylethyl-2-methyl-A*®-cyclohexene-2-carboxylate (VI; R’ = R’” =H).—The 
Grignard reagent prepared from 6-phenylethyl bromide (20 g.) and magnesium (2-7 g.) in ether 
(120 c.c.) was added during 4 hour to an ice-cold solution of ethyl 2-methylcyclohexanone-2- 
carboxylate (IV; R = H) (10 g.) (Dieckmann, Ber., 1900, 33, 2683). After standing at 0° for 
} hour and at 15° for 3 hours, the mixture was decomposed with ice and ammonium chloride. 
The ether layer was separated, dried, and the solvent removed; ethylbenzene (10 g.) was 
recovered by heating the residue at 100° under 15 mm. pressure for } hour. The residual oil 
was heated with potassium hydrogen sulphate (30 g.) for 1-5 hours, and the product, isolated 
with ether, on fractionation gave (VI; R’ = R’’ = H) (9 g.), b. p. 160—163°/3 mm. (Found : 
C, 79-3; H, 8-8. C,,H,,O, requires C, 79-4; H, 8-9%). This ester (0-5 g.) was refluxed with 
20% methyl-alcoholic potassium hydroxide (10 c.c.) for 18 hours, the methyl alcohol removed, 
water added, and neutral material extracted with ether. Acidification of the alkaline layer 
yielded 1-8-phenylethyl-2-methyl-A*-cyclohexene-2-carboxylic acid which, isolated with ether, 
crystallised from light petroleum (b. p. 40—60°) in clusters of colourless prisms, m. p. 97—98° 
(Found: C, 78-4; H, 8-0. C,,H,,O, requires C, 78-7; H, 8-2%), which rapidly decolourised 
bromine in chloroform solution. 

1-Methyloctahydrophenanthrene-1-carboxylic Acid (VII; R’ = R” = H).—Theester (VI; R’ = 
R” = H) (1 g.) was boiled for 1 hour with a mixture of glacial acetic acid (9 c.c.) and concentrated 
sulphuric acid (1 c.c.). The mixture was diluted with water, and the product, isolated with 
ether, crystallised from benzene in colourless prisms (0-15 g.) m. p. 187—188° (Found: C, 
78-9; H, 8-0. C,,H,,O, requires C, 78-7; H, 8-2%), which did not absorb bromine in chloro- 
form solution. The methyl ester, prepared in quantitative yield by the action of diazomethane 
upon an ethereal solution of the acid (VI; R’ = R” =H), separated from light petroleum 
(b. p. 40—60°) in colourless plates, m. p. 76—76° (Found: C, 79-4; H, 8-3. C,,H,,O, requires 
C, 79-1; H, 85%). The acid (VII; R’ = R” =H) or its methyl ester was heated with 
selenium (2-5 parts) for 24 hours at 280—290° and then for a further 24 hours at 320°; 1-methyl- 
phenanthrene, m. p. 118°, was obtained and identified by direct comparison of the hydrocarbon 
and its picrate, m. p. 135—136°, with authentic specimens. 

Ethyl 2: 6-Dimethylcyclohexanone-2-carboxylate (IV; R’=Me; R” =H),—Ethyl 
6-methylcyclohexanone-2-carboxylate (Kotz and Michels, Annalen, 1906, 348, 94) (28 g.) was 
added to a solution of sodium (4-8 g.) in absolute alcohol (84 c.c.) and refluxed during the gradual 
addition of methyl iodide (30 g.). After 2 hours the alcohol was removed and the product, 
isolated with ether and washed with dilute sodium hydroxide solution, was obtained as an oil 
(26 g.), b. p. 111—112°/15 mm. (Found: C, 66-6; H, 9-1. (C,,H,,0, requires C, 66-7; 
H, 9-2%), which gave a negative ferric test. 

Ethyl 1-8-Phenylethyl-2 : 6-dimethyl-A*-cyclohexene-2-carboxylate (VI; R’ =Me; R” = 
H).—The Grignard reagent prepared from $-phenylethyl bromide (12-5 g.) in ether (100 c.c.) 
was condensed with the ester (IV; R’ = Me; R” = H) (10 g.) in ether (20 c.c.) exactly as for 
the lower homologue, and the resulting oil dehydrated by potassium hydrogen sulphate (40 g.) 
as before. Fractionation of the product yielded (VI; R’ = Me; R” = H) as a colourless oil 
(5 g.), b. p. 175—180°/4 mm. (Found: C, 79-8; H, 9-2. C,gH,,O, requires C, 79-7; H, 9-2%), 
which absorbed bromine in chloroform solution. Hydrolysis with boiling 20% methyl-alcoholic 
potassium hydroxide solution as described in the previous case, yielded the corresponding acid, 
which crystallised from light petroleum (b. p. 40—60°) in rosettes of colourless prisms, 
m. p. 121—122° (Found: C, 79-2; H, 8-1; equiv., 262. C,,H,,O, requires C, 79-1; H, 8:5%; 
equiv., 258). 

1 : 12-Dimethyloctahydrophenanthrene-1-carboxylic acid (VII; R’ = Me; R” = H).—Cyclis- 
ation of the above ester could not be effected with boiling formic acid or with stannic chloride in 
carbon disulphide solution. The use of aluminium chloride in carbon disulphide gave a small 
yield of the acid (VII; R’ = Me; R” = H) but the best results were obtained with acetic— 
sulphuric acid mixture precisely as for the monomethyl acid. The dimethyl acid, isolated with 

4Q ‘ 
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ether, separated from benzene (carbon) in colourless prisms (0-2 g.), m. p. 232—233° (Found : 
C, 792, 79:3; H, 8-5, 8-5. C,,H,,O, requires C, 79-1; H, 85%), which did not react with 
bromine in chloroform solution. The methyl ester crystallised from light petroleum (b. p. 
40—60°) in clusters of needles, m. p. 128—129° (Found: C, 79-9; H, 8-8. C,,H,,O, requires 
C, 79-4; H, 88%), and dehydrogenation of this with selenium yielded 1-methylphenanthrene, 
m. p. 118° (picrate, m. p. 135°). 

Cumene.—A mixture of isopropyl bromide (100 g.) and benzene (190 g.) was added during 
3 hours to a suspension of aluminium chloride (12-5 g.) in boiling benzene (440 g.), and the 
mixture boiled for a further hour; water was added, and the benzene layer dried and fraction- 
ated. Cumene, b. p. 149—152°, was thus obtained in much better yield (75 g.) than that 
recorded by Bert (Bull. Soc. chim., 1925, 37, 1265). 

2- and 4-Nitrocumenes.—An ice-cold mixture of concentrated nitric acid (50 g.) and 
concentrated sulphuric acid (100 g.) was added with vigorous stirring during 2 hours to cumene 
(50 g.). The temperature was kept between 5° and 10°, the stirring was continued for another 
hour, and the product, isolated with ether, yielded on fractionation 2-nitrocumene (5 g.), b. p. 
115—120°/15 mm., and 4-nitrocumene (62 g.), b. p. 128—132°/15 mm. (Vavon and Callier, 
ibid., 1927, 41, 357, give 106—107°/9 mm. and 124—125°/11 mm. respectively). 

4-Cumidine.—lIron filings (50 g.) were added with shaking to a solution of 4-nitrocumene 
(80 g.) in alcohol (250 c.c.) containing concentrated hydrochloric acid (5 g.). After the vigorous 
reaction had subsided, the mixture was refluxed for 3 hours, basified, and steam-distilled. 
4-Cumidine (38 g.), b. p. 103—105°/20 mm., was isolated with ether from the distillate (Vavon 
and Callier, Joc. cit., p. 671, give b. p. 100—101°/15 mm.). The acetyl derivative, prepared by 
boiling with an equal volume of acetic anhydride for } hour, crystallised from aqueous alcohol in 
colourless leaflets, m. p. 102° (Constam and Goldschmidt, Ber., 1888, 21, 1158, give 102°). 

3-Bromo-4-acetamidocumene.—A solution of bromine (20 c.c.) in acetic acid (20 c.c.) was 
added to a solution of 4-acetamidocumene (44 g.) in acetic acid (60 c.c.) at 45°; the temperature 
rose and was kept at 55—60° for 2 hours. The solution was diluted with water containing 
sodium bisulphite, and the solid was collected and crystallised from methyl alcohol; colourless 
prisms (40 g.), m. p. 120—130° (Found: Br, 31-0. C,,H,,ONBr requires Br, 31-2%), were 
obtained. 

3-Bromo-4-aminocumene.—The above acetamido-derivative (39 g.) was boiled for 3 hours 
with alcohol (60 c.c.) and concentrated hydrochloric acid (60c.c.). The solution was concentrated 
under diminished pressure, the sparingly soluble hydrochloride was dissolved in water and 
basified, and the amine (30 g.), b. p. 139—141°/20 mm., was isolated with ether (Found: Br, 
37-4. C,H,,NBr requires Br, 37-3%). 

3-Bromocumene.—3-Bromo-4-aminocumene (20 g.) was dissolved in a mixture of alcohol 
(56 c.c.) and concentrated sulphuric acid (14 ¢.t.), cooled to — 5°, and diazotised hy the addition 
of sodium nitrite (10-4 g.) in water (16 c.c.). After 4 hour, washed copper-bronze (2-4 g.) was 
added, and the mixture heated on the water-bath until a vigorous reaction set in. After this 
had subsided, the mixture was refluxed for 1 hour, steam-distilled, and the product, isolated 
with ether, was washed successively with sodium hydroxide solution, water, and concentrated 
sulphuric acid. 3-Bromocumene (11 g.), b. p. 94—96°/20 mm., was obtained (Found: Br, 
40-0. C,H,,Br requires Br, 40-2%). Oxidation with alkaline potassium permanganate for 
18 hours gave m-bromobenzoic acid, m. p. 154—155°, undepressed by admixture with an 
authentic specimen. 

8-3-isoPropylphenylethyl Alcohol.—Ethylene oxide (6 g.) was gradually added to an ice-cold 
solution of the Grignard reagent prepared from 3-bromocumene (20 g.) and magnesium (2-4 g.) 
in ether (60 c.c.). After 3 hours at 15° the ether was removed, and the residue heated at 100° 
for 1 hour and decomposed by the addition of ice and dilute hydrochloric acid. The product, 
isolated with ether, was a colourless oil (8 g.), b. p. 134—138°/20 mm. (Found: C, 80-2; 
H, 9-6. C,,H,,O0 requires C, 80-5; H, 98%). 

8-3-isoPropylphenylethyl bromide, obtained in 60% yields by refluxing the above alcohol 
with hydrobromic acid (5 parts, d 1-45), was a colourless oil, b. p. 130—132°/20 mm, (Found : 
Br, 35-0. C,,H,,Br requires Br, 35-2%). 

Ethyl 1-8-3-isoPropylphenylethyl-2 : 6-dimethyl-A®-cyclohexene-2-carboxylate (VI; R’ = Me; 
R” = CHMe,).—The Grignard reagent prepared from the foregoing bromide (5 g.), magnesium 
(0-55 g.), and ether (15 c.c.) was added during } hour to an ice-cold solution of 
ethyl 2 : 6-dimethyleyclohexanone-2-carboxylate (4 g.) in ether (8 c.c.). After remaining at 17° 
for 3 hours, the mixture was decomposed with ice and ammonium chloride, the ether and 
volatile by-products were removed, and the residue was heated with potassium hydrogen 
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sulphate (10 g.) for 1-5 hours at 180°. The ester (VI; R= Me; R = CHMe,) (1-5 g.) was 
isolated as an oil, b. p. 173—180°/20 mm. (Found: C, 80-3; H, 9:7. C,,H,,O, requires 
C, 80-5; H, 9-8%), which decolourised bromine in chloroform solution. 

1 : 12-Dimethyl-7-isopropyloctahydrophenanthrene-1-carboxylic Acid (III).—The above ester 
(0-5 g.) was boiled with glacial acetic acid (4-5 c.c.) and concentrated sulphuric acid (0-5 c.c.) 
for l hour. Water was added, and the product, isolated with ether, was hydrolysed by boiling 
with 20% methyl-alcoholic potassium hydroxide (5 c.c.) for 18 hours, The methyl alcohol was 
removed and water added, neutral impurities were removed in ether, and acidification of the 
alkaline solution liberated the acid (III), which was isolated with ether and crystallised from 
aqueous methyl alcohol (carbon) in colourless prisms (0-06 g.), m. p. 202—203° (Found: C, 
79:8; H, 95. C,.H,,O, requires C, 80-0; H, 94%). Dehydrogenation of this acid (III) with 
selenium yielded retene, m. p. 98—99°, which was identified by comparison of the hydrocarbon 
and its picrate, m. p. 124—125°, with authentic specimens. The methyl ester, prepared by the 
action of diazomethane in ethereal solution, crystallised from methyl alcohol in jagged prisms, 
m. p. 91—92° (Found : C, 80-0; H, 94. C,,H,,O, requires C, 80:3; H, 9-6%). 


University of DuRHAM, KinG’s COLLEGE, [Received, June 28th, 1939.] 
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277. The Triterpene Resinols and Related Acids. Part VIII. 


By E. S. Ewen, F. S. Sprinc, and T. VICKERSTAFF. 


Reduction of «-amyrenonol (Part IV, J., 1937, 249) with sodium and ethyl alcohol 
gives a compound Cy3H,,03, whilst with sodium and amyl alcohol, using specified 
conditions, a compound C,,H,,O, results. The formation of these two compounds has 
involved reduction of the carbonyl group of «-amyrenonol and simultaneous addition 
of ethyl or amyl alcohol to the ethenoid linkage, since on acetylation and benzoylation 
they each give «-amyradienyl acetate and benzoate respectively. If the concentration 
of sodium amyloxide be sufficiently great, reduction of a-amyrenonol with sodium and 
amy] alcohol leads to the direct formation of «-amyradienol, the intermediate compound 
C;;H,,0, spontaneously decomposing with loss of the elements of amyl alcohol and 
water. The compounds C,,H,,0, is unstable, suffering profound decomposition on crys- 
tallisation from acetic acid, and being converted into «-amyradienol on treatment 
with alcoholic potassium hydroxide. 


In Part IV (Spring and Vickerstaff, J., 1937, 249) it was shown that reduction of the 
«B-unsaturated ketone a-amyrenonol (I) with sodium and amy] alcohol gives a-amyradienol 
(dehydro-«-amyrenol) (III) identical with that prepared by Jacobs. and Fleck (J. Biol. 
Chem., 1930, 88, 137) by the partial dehydrogenation of «-amyrenol with sulphur. It was 
postulated that an intermediate diol (II) is formed which spontaneously dehydrates to give 
a-amyradienol (III). The latter was later shown to contain a conjugated system of 


, OH 


(I.) (II.) (III.) 


ethylenic linkages situated in one ring since its acetate exhibits absorption in the ultra- 
violet region of the spectrum with a maximum at 2800 A, log « = 4-06 (Beynon, Sharples, 
and Spring, J., 1938, 1233; Seymour, Sharples, and Spring, this vol., p. 1075). With the 
object of isolating the intermediate diol we have attempted to reduce «-amyrenonol using 
the Ponndorf—Meerwein method; the starting material was recovered unchanged. Re- 
duction of a-amyrenonol with sodium and ethyl alcohol, however, gives a compound, 
CygH;gO3, m. p. 231°, the formation of which has involved reduction of the carbonyl group 
to give the diol (II) and simultaneous addition of ethyl alcohol to the ethylenic linkage. 





Ewen, Spring, and Vickerstaff : 


That reduction of the carbonyl group has occurred follows from the observations that the 
compound, m. p. 231°, is converted into «-amyradienyl acetate on boiling with acetic 
anhydride and potassium acetate, and that on benzoylation it gives «-amyradienyl benzoate. 

Ruzicka, Miiller, and Schellenberg (Helv. Chim. Acta, 1939, 22, 767) have reported that 
treatment of «-amyrenonol with sodium and amy] alcohol, using the conditions employed 
by Spring and Vickerstaff for the preparation of «a-amyradienol, gives a compound 
C35H 90, (or C3;H,g.05), m. p. 225—226°, [a], — 50-5°, exhibiting an absorption band at 
2800 A, log « = 1-5, which they conclude has been formed simply by the addition of amyl 
alcohol to the ethylenic linkage, the carbonyl group having been unaffected.* In the light 
of experience with the reduction of «-amyrenonol with sodium and ethyl alcohol, a much 
more attractive hypothesis appeared to us to be that the compound, m. p. 225—226°, is 
the amyl analogue of the compound, m. p. 231°. 

We have reinvestigated the reduction of a-amyrenonol with sodium and amy] alcohol, 
and find that the nature and yield of the product are very sensitive to changes in the 
concentration of accumulated sodium amyloxide. In the preparation quoted by Ruzicka, 
Miiller, and Schellenberg, twice the volume of amy] alcohol used by Spring and Vickerstaff 
was employed (other quantities being the same) ; using the former conditions, we obtain a 
nearly quantitative yield of a product, m. p. 225—226°, analysis of which is in agreement 
with the formula C;;H,,0,. This compound (IV) has been formed by the addition of amy] 
alcohol to the unsaturated linkage and reduction of the carbonyl to a secondary alcohol 
group since, as in the case of the analogous compound C,,H,,0,, it is acetylated or benzoyl- 
ated to the corresponding a-amyradienyl ester. These reactions have entailed elimination 
of the attached molecule of amy] alcohol, elimination of a molecule of water between the 
hydroxyl group derived from the carbonyl group of «-amyrenonol and a neighbouring 
hydrogen atom (with consequent appearance of a conjugated diene system), and acylation 
of the hydroxyl group corresponding to that of «-amyrenonol. Under different conditions, 
acylation of the compound C,,H,,0, yields products which are probably di-esters of the 
diol (II); an examination of these esters will be reported upon later. The instability of 
the compound C;,H,,0, is further exemplified by its conversion into «-amyradienol by 
heating with alcoholic potassium hydroxide and by its oxidation by means of chromic 
anhydride to «-amyrenedione, identical with the diketone obtained by oxidation of either 
a-amyrenol or of «-amyrenonol (Spring and Vickerstaff, J., 1934, 650, 1859). 


a-Amyrenonol _Na/AmOH Addition-reduction _- 0 a-Amyradienol 
Cy9H 402 2H + AmOH product — AmOH C39H,,0 
C35H 6203 


|e a iaaeipuaattts (IV.) Ras Je (III.) 


a-Amyrenedione a-Amyradienyl ester 
CypH 4.02 sof yzOR 


When a more concentrated solution of «-amyrenonol in amy] alcohol is reduced by the 
addition of sodium, the compound, m. p. 225—226°, becomes a minor product, the major 
product being a syrup from which a-amyradienol, identical with the specimen prepared by 
Spring and Vickerstaff (1937, loc. cit.), is readily obtained. The proportion of the two 
products (IV) and (III) thus depends upon the concentration of sodium amyloxide during 
the reaction; if this is sufficiently high, the intermediate product (IV) spontaneously 
decomposes to give «-amyradienol. 


EXPERIMENTAL. 


All melting points are uncorrected. 

Reduction of a-Amyrenonol with Sodium and Ethyl Alcohol._—a-Amyrenonol (Spring and 
Vickerstaff, loc. cit.) (10 g.) in boiling absolute alcohol (250 c.c.) was treated with sodium 
(10 g.), added as rapidly as the effervescence would permit, and the solution boiled under reflux 
for 30 mins. Sodium (7 g.) was again added, followed immediately by alcohol (150 c.c.), 
and the mixture boiled for 30 mins. A further addition of sodium (10 g.) and alcohol (100 


* According to this mechanism the formula of the compound will be C,;,H,,O, and not C,,H,,0,. 
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c.c.) was made, and the mixture boiled for 1 hour. The mixture was diluted with water 
(500 c.c.), the precipitated solid collected, washed with water, and repeatedly crystallised 
from acetone, from which the compound separated in plates of the constant m. p. 231°, 
(a}}?" + 48-1° (1 = 1, c = 0-64 in chloroform) (Found: C, 78-6, 78-6; H, 11-6, 11-5. C,,H,;,0, 
requires C, 78-6; H, 11-5%). 

a-Amyvradienyl Acetate—The compound, m. p. 231° (1 g.), was heated under reflux for 1 hour 
with acetic anhydride (50 c.c.) and anhydrous potassium acetate (0-1 g.). On standing the 
solution deposited long needles, which after crystallisation from glacial acetic acid melted 
indefinitely at 165—170°. Repeated crystallisation from methyl alcohol gave a-amyradienyl 
acetate in fine needles, m. p. 165—166°, [a]?” + 325° (J = 1, c = 0-4 in chloroform) (Found : 
C, 82-1; H, 10-8. Calc. for C,3H,,0,: C, 82-3; H, 10-8%). Light absorption in alcohol : 
Maximum at 2800 A, log « = 4-06. 

a-Amyradienyl Benzoate——The compound, m. p. 231° (0-4 g.), was heated under reflux with 
benzene (1 c.c.), benzoyl chloride (3 c.c.), and pyridine (3 c.c.) for 2 hours. The solution was 
cooled, diluted with ether, and washed successively with dilute sodium hydroxide solution, 
dilute hydrochloric acid, and water. The solid obtained after removal pf the solvent from the 
dried (sodium sulphate) solution was crystallised thrice from alcohol, from which a-amyradienyl 
benzoate separated in large plates, m. p. 173—174° (Found: C, 84:1; H, 9-9. Calc. for 
C;,H,;,0,: C, 84-0; H, 9-9%). 

The Compound, C3,Hg,0,.—a-Amyrenonol (3-5 g.) in boiling technical amy] alcohol (200 c.c. ) 
was treated with sodium (8 g.). The mixture was heated under reflux for 1} hours, the sodium 
amyloxide decomposed by shaking with hot water, the solution washed repeatedly with water, 
and the amyl alcohol removed in steam. The solid was collected, dried by pressing on porous 
plate, and thrice crystallised from ethyl acetate; the compound was obtained in plates, m. p. 
228—229°, which gave a very faint yellow coloration with tetranitromethane in chloroform. 
After drying for 4 hours in a high vacuum over phosphoric oxide at 80°, the m. p. fell to 225— 
226°; [a]? +.45-6° (m. p. 228—229°), + 41-5° (m. p. 225—226°) (1 = 1, c = 0-44, c = 0-78 
in chloroform) [Found (m. p. 225—226°): C, 79-0; H, 11-4. Calc. for C,;;H,,0,: C, 79-2; 
H, 11-7%]. 

a-Amyradienyl Acetate-——The compound, m. p. 225—226° (0-1 g.), was heated under reflux 
for 2 hours with acetic anhydride (3 c.c.) and a trace of potassium acetate. The white granular 
solid separating on cooling was collected, washed with water, and crystallised twice from aqueous 
acetone, from which «-amyradienyl acetate separated in fine needles, m. p. 165—166°, [a]? + 
333° (1 = 1, c = 0-2 in chloroform). It gives a deep brown coloration with tetranitromethane 
in chloroform, and the m. p. is not depressed on admixture with the specimen described above 
(Found: C, 82-05; H, 10-9. Calc. for C,;,H,;,0,: C, 82-3; H, 108%). Hydrolysis of this 
acetate (0-1 g.) was effected by heating under reflux with alcoholic potassium hydroxide solution 
(3 c.c.; 10%) for 4 hours. The mixture was diluted with water, and the product isolated by 
means of ether. After two crystallisations from methyl alcohol, a-amyradienol was obtained 
as feathery needles, m. p. 157—159°, undepressed on admixture with the specimen prepared as 
described below. 

a-Amyradienyl Benzoate.—The compound, C;,;H,,O, (0-5 g.), was heated under reflux with 
benzene (3 c.c.), pyridine (2-5 c.c.), and benzoyl chloride (2-5 c.c.) for l hour. The product was 
isolated by means of ether and crystallised twice from alcohol, giving «-amyradienyl benzoate 
in plates, m. p. 173—174°, undepressed on admixture with the specimen described by Spring 
and Vickerstaff (1937, loc. cit.) or with that described above. It gives a deep brown coloration 
with tetranitromethane in chloroform, [«]}§° + 303° (1 = 1, c = 0-76 in chloroform). Jacobs and 
Fleck (loc. cit.) give [a]p + 305° (in pyridine). 

Hydrolysis of the Compound, C,;;H,,0,.—This compound (0-5 g.) in benzene (1 c.c.) was heated 
under reflux for 6 hours with alcoholic potassium hydroxide (10 c.c.; 10%), and the solution 
largely diluted with water. The product was isolated by means of ether, and crystallised once 
from ethyl acetate and then from aqueous acetone, from which a-amyradienol separated as 
feathery needles, m. p. 159—160°, showing no depression on admixture with the specimens 
described above (Found: C, 84:8; H, 11-2. Calc. for C,,H,,0 : ‘C, 84-8; H, 11-4%). 

a-A myrenedione.—The compound C,,H,,O, (0-2 g.) in glacial acetic acid (5 c.c.) was treated 
with a solution of chromic anhydride (0-08 g.) in acetic acid (2 c.c.; 85%) added during 30 mins. 
at 70°. The temperature was maintained at 90° for a further 30 mins., the solution largely 
diluted with water, and the product isolated by means of ether. After two crystallisations from 
methyl alcohol, «-amyrenedione separated in needles, m. p. 192—193°, undepressed on admixture 
with the specimen prepared by Spring and Vickerstaff (1934, Joc. cit.). 





Short and Read: Researches in 


Formation of a-A myradienol by Direct Reduction of «-Amyrenonol.—A solution of «-amyrenonol 
(5 g.) in boiling technical amyl alcohol (100 c.c.) was treated with sodium (5 g.) added during 
2 minutes. When the vigorous reaction had subsided, sodium (5 g.) was again added, and the 
mixture boiled under reflux for 40 minutes. After the addition of amyl alcohol (50 c.c.), the 
mixture was boiled under reflux for 1 hour, cooled, shaken with warm water, and the amyl 
alcohol removed in steam; the resinous solid was collected and taken up inether. The solution 
was washed with water, dried (sodium sulphate), and the ether removed. The residue was 
dissolved in boiling benzene (100 c.c.); the solution on standing deposited a solid, m. p. 222— 
225° (1-5 g.). Concentration of the mother-liquor failed to yield any solid material. Removal 
of the benzene gave a golden syrup which was freely soluble in cold ethyl acetate; crystallisation 
was readily achieved from aqueous acetone, giving fans of feathery needles which, after a 
single crystallisation from aqueous methanol, yielded «-amyradienol in fine needles, m. p. 157— 
158°, showing no depression on admixture with the specimens described earlier, [a]?”" + 360° 
(1 = 1, ¢ = 0-4 in chloroform) (Found: C, 84-8; H, 11-3. .Calc. for C,,H,,0: C, 84:8; H, 
11-4%). Benzoylation of this specimen and crystallisation of the product from alcohol gave 
a-amyradienyl benzoate as plates, m. p. 167—169°, not depressed on admixture with the two 
specimens described above, 
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278. Researches in the Menthone Series. Part XVI. (d-neo)-isoPulegol. 
By ANDREW G. SHorRT and J. Hinton READ, 


Selective reduction of d-pulegone by the Ponndorf reagent under stated conditions 
leads to the formation of a mixture of optically active pulegols (I) and isopulegols (II), 
which undergo partial dehydration to yield terpenes, A pure dextrorotatory alcohol 
has been isolated by fractionally crystallising the derived 3 : 5-dinitrobenzoates. This 
is converted exclusively into d-neomenthol by catalytic hydrogenation, and thus 
possesses the molecular configuration (VI), The stereoisomerism and nomenclature of 
the pulegols and isopulegols are discussed, and the new alcohol is named (d-neo)- 


isopulegol. 


In a recent communication (this vol., p. 1037) the molecular configuration of J-trans-A*- 
menthen-3-ol was deduced by correlating this substance, through catalytic hydrogenation, 
with menthols of known relative molecular configurations. The method has now been 
applied successfully in the pulegol series, 

Read and Grubb (J., 1934, 242) were unable to isolate any secondary alcohol by 
applying the method of Ponndorf (Z. angew. Chem., 1926, 39, 138) to d-pulegone: the 
d-A*'8 ®_p-menthadiene (III) obtained was probably formed through the dehydration of 
intervening pulegols (I) or isopulegols (II), by y- or «-elimination, respectively : 

CHMe CHMe . CHMe 
H,C CH, Hy H, Hy H, 
H,C CH-OH H,C H-OH H,C yy, H 
-CMe, HC-CMe:CH, *CMe:CH, 
(I.) (II.) (III.) 
Read and Grubb envisaged only the former method of dehydration, applicable to pulegols ; 
but from the results now recorded it is evident that «-elimination of water from isopulegols 
must also be taken into account as a possibility. The A***®-p-menthadiene reported by 


Deeuvre and Perret (see below) is presumably formed through «a-elimination of water from 
pulegols. 
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Read and Grubb used aluminium isopropoxide which had been purified beforehand by 
distillation under diminished pressure. In a later application of the Ponndorf reaction to 
d-pulegone, Doeuvre and Perret (Bull. Soc. chim., 1935, 2, 298) prepared this catalyst in 
situ: aluminium was dissolved in isopropyl alcohol to which the ketone was then added. 
Besides the two terpenes mentioned above, the product contained a so-called ‘‘ d-pulegol,”’ 
which was purified by treatment with sodium sulphite solution followed by fractional 
distillation. This was a viscid liquid, b. p, 91-5°/12 mm., di* 0-909, nj 1-4714, 
[«]>* + 70-00°. No crystalline derivative was prepared. 

The work now described indicates that the alcoholic product formed from d-pulegone 
in this variant of the Ponndorf method was a mixture of stereoisomeric pulegols and #so- 
pulegols. From it, by fractional crystallisation of the mixed 3 : 5-dinitrobenzoates, was 
isolated in about 5% yield an alcohol having b. p. 95°/17 mm., d?" 0-9107, n>” 1-4686, 
ai®* + 25-30° (11, homogeneous). d-A**§ ‘-p-Menthadiene was present in the accompanying 
terpene fraction (cf. Doeuvre and Perret, Joc. cit.). 

The chemical and stereochemical identity of the pure alcohol was deduced as follows. 
Any stereochemically homogeneous pulegol will yield two menthols (or corresponding 
products derived by dehydration, etc.) upon catalytic hydrogenation, owing to the creation 
of a new asymmetric carbon atom (4) in the process, Thus, the optically active cis-form 
of pulegol (IV) would yield /-menthol and d-neoisomenthol; and the trans-form (V) would 
yield d-isomenthol and d-neomenthol (J., 1934, 1781) : 


Me—|—-H Me—|—H Me—|—H 
HO—f-H H——OH H——OH 











i. . H——CMe‘CH, 
(IV.) (V.) (VI.) 


The tsopulegol system, on the other hand, already contains the three asymmetric carbon 
atoms of the menthols; so that any stereochemically homogeneous isopulegone will pass 
quantitatively into a stereochemically homogeneous menthol upon catalytic hydrogen- 
ation; i.¢e., for each isopulegol there is one, and only one, corresponding menthol. Thus, 
in the isopulegol series the counterparts of the four ra menthols (/-, d-neo-, d-iso-, and 
d-neoiso-) may be designated as follows: (i)-tsopulegol, (d-neo)-isopulegol, (d-iso)-iso- 
pulegol, and (d-neotso)-isopulegol. 

The new secondary alcohol isolated in the present research yielded exclusively d-neo- 
menthol upon hydrogenation. It is therefore (d-neo)-isopulegol (VI). It may be observed 
that trans-pulegol (V), besides giving the easily recognisable isomenthol, would probably 
furnish -menthane in place of d@-meomenthol (cf. this vol., p, 1037) upon catalytic 
hydrogenation. 

From the condensation product of acetic anhydride and citronellal, Pickard, Hunter, 
Lewcock, and de Pennington (J., 1920, 117, 1248) obtained the so-called “‘ /-isopulegol ”’ 
and “‘ d-«-isopulegol.’”” The former, since it was hydrogenated exclusively to /-menthol, 
may be designated (/)-isopulegol. The latter yielded impure d-neomenthol when hydrogen- 
ated, and apparently consisted mainly of the (d-meo)-isopulegol now described. The 
oxidation of pulegols or isopulegols with Beckmann’s chromic acid reagent at 50° yields 
mixtures of pulegone and isopulegone, and this method is therefore not diagnostic, 

Deeuvre and Perret (Joc. cit.) mention the recovery of unchanged d-pulegone from the 
Ponndorf reduction. The ketone recovered in the present investigation, however, 
invariably had a much higher optical rotation than the original d-pulegone, and appeared 
to consist of a mixture of d-pulegone and d-isopulegone. Owing to the ready inter- 
conversion of these two ketones there can be fittle doubt that the reduction in question 
yields a mixture of pulegols and isopulegols, The value aj” + 42-7° (11) observed for the 
recovered ketone appears to be the highest yet recorded for any mixture of the two ketones 
concerned (cf, Simonsen, ‘‘ The Terpenes,’’ Cambridge, 1931, I, 342). 

The method described in this communication is being applied in a further study of the 
piperitols (J., 1934, 308). 





Researches in the Menthone Series. Pari XVI. 


EXPERIMENTAL. 


Reduction of d-Pulegone.—isoPropyl] alcohol (1000 c.c.) was boiled under reflux for 5 hours 
with mercuric chloride (2-5 g.), clean magnesium ribbon (6-3 g.), and a few pieces of porous 
plate, and then distilled under somewhat diminished pressure. To the dry alcohol (50 c.c.), 
kept at the b. p. under reflux, was added mercuric chloride (2 g.), followed by a little coarse 
aluminium powder (2 g.). If the reaction failed to start, a little iodine, copper acetate, or 
sec.-butyl alcohol was added as catalyst, but this was rarely necessary (cf. Ber., 1937, 70, 1522). 
When the reaction set in, the remainder of the aluminium powder (10 g.) was added at intervals. 
Later, more dry isopropyl alcohol (350 c.c.), previously heated to boiling, was added in several 
portions. If necessary, the reaction was checked occasionally at this stage by cooling. Finally, 
the mixture was heated under reflux on the water-bath until the reaction ceased (8 hours). 

Freshly distilled d-pulegone (200 g.), obtained from oil of pennyroyal (Mentha pulegium) 
and having «3° + 19-97° (1 1), n?” 1-4859, was then added to the solution, and a slow constant- 
volume distillation was conducted through a 30-cm. Vigreux column, dry isopropyl alcohol 
being added at intervals to replace the distillate (ca. 40 c.c. per hour). The temperature of the 
oil-bath was kept at about 120° for several hours, and was then raised gradually to 170° in order 
to maintain the rate of distillation during an intermediate phase of the reaction in which the 
mixture thickened and gelatinised. Later, the gel broke down, the mixture became more 
fluid, and the temperature was allowed to fall to 125—130°. 

At intervals 5 drops of the distillate were tested by Legal’s sodium nitroprusside test. After 
20 hours’ heating, the purple colour in the test became very faint, and most of the isopropyl 
alcohol was then removed by distillation. 

The products of two such experiments were united and steam-distilled. The dried ethereal 
extract of the distillate gave the following fractions when distilled: (1) b. p. 55—82°/17 mm. 
(34 g.); (2) b. p. 82—107°/17 mm., a}** + §8-03° (7 1), ni" 1-4836 (255 g.). The undistilled 
residue was negligible. 

Esterification of the Reduction Product.—To the ice-cooled solution of the above second 
fraction (50 g.) in dry pyridine (100 c.c.) was added gradually powdered 3 : 5-dinitrobenzoyl 
chloride (33 g.) with vigorous shaking. After 16 hours the ice-cooled product was treated 
carefully with an ice-cooled solution of concentrated hydrochloric acid (100 c.c.) in water (100 
c.c.), The ethereal extract of the resulting solution was washed with 2n-sodium hydroxide 
until the washings were colourless, and then with water. The ether was distilled from the 
extract, and unesterified material (153 g. from 250 g. of the above second fraction, see below) 
was removed from the residue by steam-distillation. 

The non-volatile residue contained some 3 : 5-dinitrobenzoic acid, formed through dehydr- 
ation of part of the ester in the steam-distillation; this acid was removed by washing the 
ethereal solution of the residue with 2N-sodium hydroxide. When the ether was distilled away 
from the dried solution, the residual reddish-brown oil soon crystallised to a brown pasty solid. 
The total material obtained in this way from 250 g. of the above second fraction was recrystal- 
lised once from methy] alcohol and twice from methyl alcohol—chloroform. The product (11-5 g.) 
had m. p. 138—139°, [a]}® + 45-0° (c 1-0, chloroform), and these values remained unaltered 
after further recrystallisation. The (d-neo)-isopulegyl 3: 5-dinitrobenzoate thus obtained 
crystallised in long, fine, colourless needles (Found: C, 58-8; H, 6-0. C,,H,,O,N, requires 
C, 58-6; H, 5-8%). 

(d-neo)-isoPulegol.—The above ester (9 g.) was heated under reflux for 30 minutes with 5% 
methyl-alcoholic potassium hydroxide (51 c.c.; 1-2 mols.). The resulting (d-neo)-isopulegol, 
isolated by steam-distillation followed by extraction with ether, was a fairly mobile, colourless 
liquid, with a characteristic fresh odour : b. p. 95°/17 mm., 2° 0-9107, n° 1-4686, ai®” + 25-30° 
(2 1, homogeneous), ‘[a]}®° + 39-3° (c 1-0, alcohol), [Rz]p 47-13 (Calc.: 47-24). The yield was 
almost theoretical. 

Hydrogenation of (d-neo)-isoPulegol—The alcohol readily underwent hydrogenation in 
ethereal solution, in presence of a palladium,sol stabilised with gum arabic (cf. J., 1934, 240). 
The product was a colourless liquid with the faint mentholic odour of meomenthol: b. p. 
97-5°/17-5 mm., nis 1-4614, al®® + 16-56° (J 1, homogeneous). These constants are closely 
similar to those quoted by Read and Grubb (J. Soc. Chem. Ind., 1934, 58, 5317) for d-neomenthol. 
No other substance was found in the hydrogenation product, which appeared to be homogeneous. 

When esterified in dry pyridine (5 c.c.) with ~-nitrobenzoyl chloride (1-4 g.), the hydrogen- 
ation product (1 g.) yielded a crude ester having [«]}* + 18-1° (c 1-1, chloroform). Recrystallis- 
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ation from alcohol yielded fine, colourless needles, m. p. 95°, [a]}" + 18-0° (c 1-0, chloroform). 
The substance was therefore d-neomenthyl p-nitrobenzoate (Read and Grubb, Joc. cit.). 

Examination of the Unesterifiable Material from the Reduction of d-Pulegone.—The 
unesterified material (153 g.) recovered by steam-distillation (see above) was separated by 
repeated fractional distillation under diminished pressure into two main fractions. The first, 
b. p. 79—81°/16 mm., nji* 1-4935, af7* + 110-2° (7 1), consisted essentially of d-A%:* -p- 
menthadiene (Read and Grubb, J., 1934, 242). The second had b. p. 100—105°/17 mm., 
al” + 42-7° (1 1); when treated with semicarbazide acetate in aqueous alcohol in the cold it 
yielded d-pulegonesemicarbazone, m. p. 172°, [«]?!° + 68-2° (c 1-0, chloroform) (Found: C, 
63-4; H, 9-2. Calc.: C, 63-2; H, 9-1%) (Ber., 1895, 28, 653). It was not «-pulegone, however, 
for its 2: 4-dinitrophenylhydrazone, obtained by Brady’s method (J., 1931, 756), crystallised 
from methyl alcohol in bright red needles, m. p. 149—150°, [«]}# + 116-0° (c 0-5, chloroform) 
(Found: C, 57-6; H, 6-0. C,.H,,O,N, requires C, 57-8; H, 6-1%), whereas the original 
d-pulegone, when treated similarly, yielded a thick syrup which solidified slowly and separated 
from light petroleum (b. p. 60—80°) in dark crimson leaflets, m. p. 141°, [«]}?” + 130-0° (c 0-5, 
chloroform) (cf. J., 1931, 758), the m. p. being depressed by admixture with the derivative of 
m. p. 149—150°. 

When hydrogenated in presence of a palladium sol, this ketonic fraction yielded a product 
with the odour of menthone, b. p. 96°/20 mm., n° 1-4521, al® + 24-04° (1 1) (cf. Read and 
Robertson, J., 1926, 2216). This product readily furnished /-menthone-2 : 4-dinitrophenyl- 
hydrazone, crystallising from methyl alcohol-chloroform in orange needles, m. p. 146°, [«]}” 
— 26-0° (c 1-0, chloroform) (cf. J. Amer. Chem. Soc., 1930, 52, 2216; this vol., p. 1040). 


We are indebted to the Carnegie Trust for the Universities of Scotland for the award of a 
Research Scholarship to one of us (A. G. S.) and to Professor John Read, F. R. S., for his interest 
and valuable suggestions. 
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279. cis-Azo-compounds. Part II. 
By A. H. Cook and D. G. JoNneEs. 


An earlier preliminary study of the preparation of some cis-azo-compounds has 
been extended to the chromatographic separation and preparation of substituted azo- 
benzenes, azonaphthalenes, and polyazo-compounds in labile cis-modifications. Most 
previous possible instances of such isomerism have another explanation than cis-trans 
isomerism, but the isomeric p-azophenols exhibit a phenomenon of a new type. The 
known electronic nature of the substituents is not sufficient to account for differences 
in lability observed among cis-azo-compounds although these differences are parallel to 
those observed among the diazo-cyanides. The azo-linkages in polyazo-compounds are 
capable of independent isomerisation to give more than one labile isomeride. Orienta- 
tions of the isomerides of bisbenzeneazobenzene and bisbenzeneazodiphenyl are 
deduced. 


In Part I (J., 1938, 876) one of us showed that a solution of irradiated azobenzene could be 
easily resolved into cis- and trans-isomerides by the preferential adsorption of the former 
on a column of active alumina and the generality of this type of isomerism was indicated by 
the preparation of several substituted azobenzenes in cis-modifications. Shortly after- 
wards a similar separation was announced by Zechmeister and his co-workers (Naturwiss., 
1938, 26, 495). We now report the extension of this study to further substituted (methyl-, 
halogeno-, hydroxy-, methoxy-, and nitro-) azobenzenes, azonaphthalenes, and to bisazo- 
compounds. 

Although o-methylazobenzene could not be isomerised to a cis-form (the trans-modi- 
fication is a low-melting oil), yet fresh preparations of the m-isomeride contained a con- 
siderable proportion of the cis-form. The compound termed ‘‘ m-azotoluene’’ in Part I 
was 0-azotoluene supplied in error by the manufacturer; these isomerides possess similar 
m. p.’s (54°, 56°) but the azoxy-compound of m. p. 59° previously isolated has now been 
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shown to be identical with trans-o-azoxytoluene. Repeated experiments have confirmed 
the impossibility of isolating by the adsorption technique a cis-isomeride of o-azotoluene 
but cis-m-azotoluene was readily obtained by irradiation of the normal form although it was 
not so stable as the monomethyl compound. Both #-methyl- (as shown previously) and 
pp’-dimethyl-azobenzenes exhibit considerable stability in the cis-form. 

Of the differences in stability among the isomerides under discussion the most remarkable 
were exhibited by the isomeric nitroazo-compounds : 


Nitroazobenzene. Stability. 
o-, 00’-, pp’- Isomerides not detected. 
p-, mm’- Normal stability. 
m- Very stable. 


Normal stability indicated that the cis-isomeride reverted to the trans-form on standing 
for 1—2 days in absence of light or on gentle warming in a solvent. cis-m-Nitroazobenzene 
not only occurred in our crude preparations, from which it is removed by crystallisation, 
but when isolated by chromatographic means it remained unchanged after standing in 
petroleum solution in diffuse light for several days and only reverted to the normal trans- 
form (m. p. 95°) after melting (m. p. 70°) several times. As shown in the following paper, 
cis-m-nitroazobenzene shows an absorption spectrum with the finest structure of all cis- 
azo-compounds so far examined. The cis-mm’-dinitroazobenzene had an apparent m. p. 
which was somewhat lower (144°) than that of the ¢rans-compound (150°) but it reverted to 
the more stable configuration on standing overnight. p’-Dinitroazobenzene had previously 
been prepared (Meigen and Normann, Ber., 1900, 38, 2716) by the oxidation of -nitro- 
aniline with sodium hypochlorite. By this procedure we obtained finally chlorinated 
azo- and azoxy-compounds, but $p’-dinitroazobenzene prepared by oxidising p-nitroaniline 
with potassium persulphate failed to isomerise on irradiation. 

Particular interest is attached to the isomerism of p’-dihydroxyazobenzene reported 
by Willstatter and Benz (Ber., 1906, 39, 3492; 1907, 40, 1578). Not only is the isomerism 
unexpected in view of the hitherto insuperable difficulty of obtaining a pure cis-p-benzene- 
azophenol, or indeed of any hydroxy- or amino-azo-compound, but if these forms of 
p-azophenol are really isomerides of this kind, then both are so stable that that having the 
cis-configuration is the most stable cis-azo-compound yet known. Willstatter and Benz 
record, for example, that each form is soluble in concentrated sulphuric acid and may be 
precipitated unchanged after a moderate interval, and Robertson indicates that their 
interconversion in alkali is even less readily effected than was supposed by Willstatter and 
Benz. Our experiments confirm the conversion of the 6- into the «-compound at the fusion 
point, and we find that on subliming the hydrated forms in high vacuum (170°/0-002 mm.) 
only the anhydrous forms of the a-modification result. Similarly, both azophenols yield the 
same hydrated ficrate, m. p. 183°. In their reluctance to undergo interconversion, «- and 
8-p-azophenols are quite ynlike any authentic pair of cis-trans-azo-isomerides. We have 
re-examined the absorption spectra of the a- and §-hydrates and anhydrous forms and 
find no noticeable difference between the spectra of the hydrated and anhydrous forms of 
one series, and only minor differences between the «- and $-series both in the wave-length 
of the band-heads and in the extinction coefficients (Part III). However, our doubt of 
the cis-trans nature of the isomerides under discussion was strengthened by the fact that 
they preserved their spectroscopic individuality unchanged even after continuous irradiation 
in ultra-violet light for 24 hrs., whereas all authentic cis-azo-compounds have been prepared 
from the é¢vans-compounds by exposure to light. We examined also the diacetates, claimed by 
Willstatter and Benz to be isomeric, without detecting any definite difference between them. 
The absorption bands are not sharp in light petroleum solution, but the maxima were at 
nearly the same wave-lengths, and the intensity of the main band (3310 A) of the “‘ cis ’’- 
compound increased to that of the “‘ #rans ’’-compound on crystallising, probably owing to 
the removal of non-absorbing impurity. 

Since cis-p-benzeneazophenol is not so stable as its ethers, cis- and ¢rans-p-azoanisoles 
should possess an even greater range of stability than the alleged isomeric azophenols, 
but methylation of both phenols, by means of methyl sulphate or even of diazomethane, 
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yields the same dimethyl ether. This result was not, however, at once conclusive, because 
methylation of both isomerides with diazomethane was considerably slower than was 
expected even in the presence of small amounts of methanol which would assist the reversion 
of any cis-form to the more stable trans-isomeride. Although methylation proceeded still 
more slowly in the complete absence of methanol—an observation recalling the similar 
finding of Kuhn and Bar when methylating benzeneazo-8-naphthol (Annalen, 1935, 516, 
143)—again only one dimethyl] ether was obtained. On the other hand, this dimethyl ether 
isomerised normally on irradiation to give what must be regarded as an authentic cis-p- 
azoanisole with the expected instability. It was shown by chromatographic analysis that 
none of the products of direct methylation of the isomeric azophenols contained any detect- 
able proportion of the true cis-azoanisole. Although the physical and chemical evidence 
therefore does not of itself exclude the possibility of Willstatter’s isomerides being related 
as cis- and ¢rans-modifications, yet comparison with a large number of other azo-compounds, 
including ~-benzeneazophenol and azoanisoles most of which have been obtained in cis- 
forms, indicates that a- and $-p-azophenols represent a phenomenon of another type. 

Attempts to prepare further pairs of isomeric pp’-azophenols (e.g., 4: 4’-dihydroxy- 
benzeneazo-«-naphthalene) through quinoneazines were unsuccessful. We were unable to 
find any difference, as claimed by Willstatter and Benz (Ber., 1906, 39, 3501), between 
normal o-azophenol and that which had been distilled in a vacuum, and we find the reported 
isomerides of phenolazophloroglucinol (Weselsky and Benedikt, Ber., 1879, 12, 227) to be 
physical and not stereoisomerides. 

A number of methyl ethers of azophenols (2: 4- and 2 : 6-dimethoxyazobenzene, 
benzeneazo-«-naphthyl and substituted benzeneazo-$-naphthyl methyl ethers) were 
obtained in cis-modtfications. These cis-methyl ethers present no marked differences 
in stability among themselves, although it is noteworthy that, whereas cis-azobenzene is 
more stable than most of its cis-substituted derivatives (e.g., those containing methyl or 
methoxyl groups), yet in the benzeneazonaphthalene and azonaphthalene series the cts- 
azo-hydrocarbons are too unstable to be isolated but usually their methoxyl derivatives 
(e.g., benzeneazo-«-naphthyl methyl ether) are comparatively stable in the cis-form and 
only rarely (as with the 8-naphthy] ether) is this form unobtainable. Even in such cases a 
single o-substituent (0-iodo-) in the benzene ring was able to stabilise the cis-form. 

In Part I (loc. cit.) the isomerisation of ~-chloroazobenzene to an oily cis-isomeride was 
described. This, as well as the p-bromo- and p-iodo-compounds have now been obtained 
in crystalline cis-modifications which revert to the more stable tvans-form on heating. 
The three cis-p-halogenoazobenzenes form a series of increasing stability, the iodo-compound 
remaining substantially unchanged after 2 weeks in absence of light. We have not system- 
atically examined dihalogenated azobenzenes, but in one attempt to prepare 0o’-di- 
iodoazobenzene by reducing o-iodonitrobenzene with sodium stannite, a product of the 
composition of 00’-di-iodoazoxybenzene was isolated which on further mild reduction with 
sodium amalgam was converted into unsubstituted azobenzene. 

The cis-configuration of all the new modifications here described is based on analogy 
with previous examples and on the fact that all revert with ease to the trans-modification 
on melting. A rigid proof of the configuration assigned awaits the determination of their 
dipole moments. In inert solvents they are stable at room temperature and in absence of 
light for periods varying from a few hours (as with the cis-cis-form of bisbenzeneazobenzene ; 
p. 1312) to at least several weeks (as with p-iodo- and p-bromo-azobenzenes). In one or 
two instances (m-nitroazobenzene) only slight illumination is needed to establish the 
cis-trans-equilibrium in the solid form, and appreciable quantities of the cis-modification 
may be obtained directly from crude or old preparations by the selective adsorption process. 
Although the increasing stability of the p-halogenoazobenzenes in passing from the chloro- 
to the iodo-compound might be due to the decreasing of-directing effect of the halogen 
atoms, the azo-compounds so far obtained in cis-forms provide several instances which are 
contrary to such a simple conception (e.g., cis-m-nitroazobenzene, so far from being less 
stable in the cis-form than azobenzene, is one of the most stable cis-azo-compounds yet 
prepared); further, any such electronic explanation does not make it apparent why, 
when a single substituent will sometimes stabilise a cis-form, two such substituents 
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symmetrically placed will frequently make it impossible to isolate a cis-modification. 
Clearly, there are superposed on these direct electronic effects further factors which remain 
obscure, but it is noteworthy that Hantzsch found similar differences in stability among 
the normal and tso-diazocyanides which are regarded as cis-trans-isomerides. 

All the compounds so far discussed possess one azo-linkage. For ordinary azobenzene 
the trans-configuration is now established (Robertson e¢ al., Proc. Roy. Soc., 1936, A, 154, 
187; cf. this vol., p. 232) and appears to be the normally stable orientation of the 
C*N:N°C group. To bisbenzeneazobenzene therefore is ascribed a trans-trans-configuration, 
two other (cis-trans- and cis-cis-) isomerides, (I) and (II), being envisaged, if the azo-linkages 


eh ee N=N 
(I.) , 
Co ay A — 


are capable of independent isomerisation. It is now found that when an irradiated solu- 
tion of bisbenzeneazobenzene (which gives only one adsorption band on alumina before 
irradiation) is filtered through alumina the primary result is the rapid elimination of 
unchanged #rans-trans-compound from the: chromatogram, after which the strongly 
adsorbed fraction develops two adsorption zones. The uppermost of these yields upon 
elution a product which melts at 136°, thereby reverting to the normal form, m. p. 166°, 
as does also the product from the intermediate band, but the individuality of these 
isomerides is shown, not only by their chromatographic behaviour, but also by their absorp- 
tion spectra (in light petroleum). The uppermost compound was allowed to revert spon- 
taneously into the trans-trans-modification, and repeated chromatographic analyses of the 
product failed to reveal the spontaneous production of the third isomeride. On the other 
hand, the original intermediate band was eluted and kept overnight in benzene—petroleum 
solution in the dark. The greater part of the isomeride under these conditions undergoes 
conversion into normal bisbenzeneazobenzene but on being again passed through the 
alumina, the solution afforded three adsorption zones clearly separated on a chromatogram 
exactly like that obtained by chromatographing a freshly irradiated solution of bisbenzene- 
azobenzene. The intermediate production of the most firmly adsorbed isomeride by the 
partial reversion of that initially adsorbed in the intermediate band is very strong evidence 
that the intermediate band corresponds to cis-cis- and the topmost band to cis-trans- 
bisbenzeneazobenzene. 

When irradiated in petroleum solution and then analysed chromatographically, 4 : 4’- 
bisbenzeneazodiphenyl behaved in a manner exactly simulating bisbenzeneazobenzene to 
give two labile ssomerides again distinguished by their absorption spectra. The normal 
compound is produced from these isomerides when attempts are made to determine 
characteristic m. p.’s. Exactly analogous observations to those made on bisbenzene- 
azobenzene indicate the cis-trans-orientation for the topmost adsorption band and the 
cis-cis- for the intermediate one. 

4 : 4’-Bis(benzeneazo)azobenzene (III) when similarly treated gave indication of the 

formation of at least one isomeride in chloroform solu- 
PLNK >-Nye<° N,Ph tion, less readily in benzene—petroleum, but these experi- 
(III.) ments were not pursued further because-of the increasing 
f number of stereochemical possibilities (five forms are 
theoretically possible). 

Although analogous independence of the double bonds in «w-diphenylpolyenes has not 
been confirmed by isolation of stereoisomerides (‘‘ Stereochemie,’’ Freudenberg, 1933, 915; 
cf. Kuhn, Ber., 1938, 71, 1889) the behaviour of diphenyl-hexatriene and -octatetraene on a 
chromatographic column after irradiation in benzene—petroleum solution (less satisfactory 
in carbon disulphide) indicates the formation of labile (cis-) isomerides. 


(II.) 
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EXPERIMENTAL. 


Except where otherwise stated, all the separations were effected by irradiating a solution 
of the évans-compound (which had been chromatographically purified) in Pyrex glassware at 
ca. 12” from a mercury vapour lamp and then again passing it through a column of active 
alumina (usually 15—20cm. x 1cm.diameter). In every case in which a cis-isomeride has been 
obtained there is a noticeable deepening in colour after irradiation, and this form is very much 
more firmly adsorbed than the tvans-, which can usually be readily washed out of the column, 
thus effecting complete separation of the isomerides. In most cases it was preferable to separate 
the cis-isomeride at intervals of 30—45 mins. rather than continue the irradiation, as the con- 
version itvans -> cis seldom exceeds 10% even after prolonged periods. Elution was effected 
by adding a little alcohol to a suspension of the isolated alumina band in the same solvent 
as that in which the original adsorption was effected, and the filtered solution was freed from 
alcohol as quickly as possible by washing with water. The dried solution was then concentrated 
in a vacuum at 20—25°, and the cis-compound purified by crystallisation, usually from 
petroleum or petroleum—benzene, atalowtemperature. All operations subsequent to the adsorp- 
tion were performed as far as possible in absence of light. The cis-compounds, when they 
differed in appearance from their ¢vans-isomerides were darker in colour, but pairs of isomerides 
always gave identical colours when dissolved in concentrated sulphuric acid. 

cis-m-Methylazobenzene.—2 G. of the oily trans-isomeride (Jacobsen, Ber., 1895, 28, 2544) in 
petroleum solution were irradiated (45 mins.) and chromatographed. The chromatogram, 
after being washed with 50 c.c. of petroleum, contained material firmly adsorbed as a light 
orange band. Elution afforded cis-m-methylazobenzene as a red oil (Found: N, 14:3. 
C,3;H,,N, requires N, 14:3%). 

o-Methylazobenzene failed to isomerise under similar conditions even after 2} hrs.’ irradiation. 

cis-m-A zotoluene, prepared from the tvans-isomeride (Buchka and Schachtebeck, Ber., 1889, 
22, 835) (1 g. in 50 c.c. of light petroleum ether), was obtained as a red oil (Found: N, 13-3. 
C,,H,,N, requires N, 13-3%). ; 

cis-m-Nitroazobenzene.—0-2 G. of a fresh sample of the tvans-isomeride (Bamberger and 
Hiibner, Ber., 1903, 36, 3818), dissolved in 150 c.c. of light petroleum, was filtered through 
a column of alumina, and the chromatogram washed with petroleum. The firmly adsorbed 
material on elution gave red crystals which had m. p. 72°, 82°, 85° in successive determinations 
and were identical with the cis-form isolated by repeatedly irradiating the original filtrate, 
adsorbing the cis-compound at intervals by chromatographic filtration, and working up the 
united products of several irradiations. The cis-compound separated from a concentrated 
petroleum solution in red crystals (Found: N, 18-3. C,,H,O,N, requires N, 18-5%), m. p. 
70° rising to 94—-95° after melting several times (mixed m. p. with the original tvans-compound : 
before reversion, 89—91°; after reversion, 96°). The cis-compound is considerably darker in 
colour in petroleum than the ‘vans-modification, and the latter, when chromatographically pure, 
is lighter than the normal preparation. The cis-compound remained substantially unchanged 
after standing in the light in petroleum solution for 3 days. 

cis-mm'-Dinitroazobenzene.—The trans-variety was best prepared by adding a concentrated 
solution of m-nitronitrosobenzene in glacial acetic acid to an equivalent amount of m-nitroaniline 
in the same solvent; the azo-compound separates after 2 hrs. at room temperature, m. p. 150°, 
and is free from the cis-form. 0-2 G. in 45 c.c. of benzene—petroleum (2: 1) was repeatedly 
irradiated (30 mins.) to give the cis-isomeride in the usual way, m. p. 144° (Found: N, 20-3. 
C,,H,O,N, requires N, 20-6%). The compound reverted to the stable form on standing 
overnight. 

cis-p-Nitroazobenzene.—0-2 G. of the tvans-compound (Bamberger and Hiibner, Joc. cit.) 
in 150 c.c. of light petroleum was repeatedly irradiated, giving dark orange crystals of the cis- 
compound, m. p. 128° (Found: N, 18-5. C,,H,O,N; requires N, 18-5%). 

Oxidation of p-Nitroaniline with Sodium Hypochlorite (cf. Meigen and Normann, Ber., 1900, 33, 
2716).—13 G. of p-nitroaniline in 700 c.c. of benzene were stirred for 2-5 hrs. with 500 c.c. of 
sodium hypochlorite solution (100 g. of sodium hydroxide, 71 g. of chlorine, 1000 c.c. of water). 
The red crystalline mass obtained on evaporating the benzene layer was extracted with a little 
boiling acetic acid, leaving a residue, m. p. 263°; m. p. after crystallisation from benzene, 222°, 
The filtrate deposited small red plates, m. p. 223°, which after two filtrations through alumina 
had m. p. 165°; the m. p. rose on repeated crystallisation from benzene to 267° (Found: Cl, 
33-1; M, cryoscopic in camphor, 383. C,,H,O;N,Cl,, ‘etrachloro-4 : 4'-dinitroazoxybenzene, 
requires Cl, 33-3%; M, 426). The acetic acid mother-liquor from the crystallisation of the 
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substance, m. p. 223°, on dilution with water yielded 2 : 6-dichloro-4-nitroaniline, m. p. 191° 
(Found : Cl, 33-9. Calc. for CgH,O,N,Cl, : Cl, 343%). If the solution was stirred for a shorter 
time, the benzene solution on evaporating and cooling deposited red-brown plates of 2: 2’- 
dichloro-4 : 4’-dinitroazobenzene, m. p. 265° (Green and Rowe, J., 1907, 101, 2451); the mother- 
liquor on further evaporation gave brown crystals, m. p. 140° rising to 144° after crystallisation 
from benzene (Found: Cl, 19-92; M, cryoscopic in camphor, 340. Calc. for C,,H,O;N,Cl,, 
dichloro-4 : 4’-dinitroazoxybenzene : Cl, 19-94%; M, 356). trans-pp’-Dinitroazobenzene was 
prepared (cf. Witt and Kopetschni, Ber., 1912, 45, 1134) by dissolving 5 g. of #-nitroaniline in 
12-5 c.c. of concentrated sulphuric acid, diluting to 55 c.c. with water and adding 20 g. of potas- 
sium persulphate in small portions at 60—70°. After 1 hr., the brown precipitate was collected, 
recrystallised from glacial acetic acid (yield 3 g.), and then several times from toluene or xylene ; 
m. p. 214—216°. There was no detectable difference between the chromatograms of irradiated 
and unirradiated solutions in benzene or chloroform. 

a- and §-p-Azophenol hydrates (Willstatter and Benz, loc.-cit.) yielded the a-compound on 
fusion and gave the same picrate (brown plates from methanol, m. p. 183°) (Found: C, 47:06; 
H, 3-43. C,,H,,O,N,,C,H,O,N;,H,O requires C, 46:9; H, 3:25%). Distillation of both 
compounds at 170°/0-002 mm. yielded a mixture of green and orange forms of the anhydrous 
a-azophenol which were separated mechanically and showed identical absorption spectra. Both 
azophenols were, acetylated to substantially the same diacetyl compound (‘‘cis’’, crude 
m. p. 187—190°, once recrystallised, 194°; “‘ trans ’’, m. p. 196°). 

trans-p-Azoanisole was produced by methylating «- or $-azophenol with methyl sulphate or 
diazomethane; it formed yellow needles from alcohol, m. p. 158°. Reaction in dry ether free 
from alcohol was slow (e.g., the phenol was recovered unchanged after standing with diazomethane 
for 16 hrs.) but methylation was complete after 4 days. 

cis-p-A zoanisole.—500 Mg. of the trans-ether in 300 c.c. of light petroleum were irradiated 
(30 mins.), chromatographed, the chromatogram developed with petroleum—benzene (4 : 1), and 
the cis-isomeride eluted with benzene (38 mg. from two irradiations). The compound reverts 
to the tvans-variety on heating and has no characteristic m. p. (Found: N, 11-45. C,,H,,O,N, 
requires N, 11-6%). 

o-Azophenol (Willstatter and Benz, Joc. cit.) was unchanged after distillation (140°/0-001 
mim.). 2G. of it in 9 c.c. of 10% sodium hydroxide, treated with 5 c.c. of methyl! sulphate, 
gave orange-red needles, m: p. 110°, from methanol, of o-azophenol monomethyl ether (Found : 
C, 68-3; H, 5-7. C,,;H,,0,N, requires C, 68-3; H, 5°7%), and a suspension of this in alkali, 
on treatment with excess of methyl sulphate and warming, afforded the dimethyl ether, 
m. p. 153°. This was unaffected by irradiation. 

4-Hydroxybenzeneazophloroglucinol (Weselsky and Benedikt, Ber., 1879, 12, 227) was 
obtained in a red form when precipitated rapidly from methanol—water, and in a green-black 
form with a greenish lustre when it separated slowly from methanol. Both forms gave the same 
tetramethyl ether with diazomethane; m. p. 118° from methanol (Found: N, 9-4. C,,H,,0O,N; 
requires N, 9-3%). 

cis-2 : 4-Dimethoxyazobenzene.—The diphenolic compound yielded with diazomethane only 
the 2-hydroxy-4-methoxy-compound, m. p. 115°, which was unsuitable for chromatographic 
examination; the dimethyl ether was only obtained by using excess of methyl sulphate, m. p. 
91°. The cis-dimethoxy-compound was obtained from benzene—petroleum (1:1) in the usual 
way (Found: N, 11-7. C,,H,,0,N, requires N, 116%). 

The 2 : 6-dimethory-compound was obtained similarly (Found: N, 11-67%). Both these 
cis-compounds were obtained as red oils solidifying after 2 days to the trans-isomeride. 

cis-Benzeneazo-a-naphthyl Methyl Ether—0-3 G. of the t¢rans-compound was irradiated, 
and tlie cis-modification isolated in the usual way, m. p. 70° (Found: N, 10:5. C,,H,,ON, 
requires N, 10-7%).. No isomerisation of trans-benzeneazo-$-naphthyl methyl ether was detected. 
The following two substituted benzeneazo-$-naphthyl methyl ethers gave labile isomerides. 
(i) o-Iodoaniline (3 g.) was diazotised, and coupled with $-naphthol in alkaline solution. The 
free 0-iodobenzeneazo-B-naphthol crystallised from 100—120 c.c. of glacial acetic acid in small 
red needles, m. p. 176° (Found: I, 34-1. C,,H,,ON,I requires I, 33-9%). 2G. of the hydroxy- 
compound were shaken with 30 g. of methyl sulphate and 100 c.c. of 30% sodium hydroxide 
to give a red-brown oil which soon solidified to bright red needles, m. p. 94° after crystallising 
from methanol, of trans-o-iodobenzeneazo-B-naphthyl methyl ether (Found : I, 32-8. C,,H;,ON,I 
requires I, 32-7%). (ii) 1-Nitroso-2-methylnaphthalene was reduced to 1l-amino-2-methyl- 
naphthalene, diazotised, and coupled with ®-naphthol (cf. Lesser, Annalen, 1913, 402, 41). 
2 G. of the azo-compound were dissolved in a little acetone and methylated as in (i). The red- 





[1939] cis-Azo-compounds. Part III. Absorption Spectra. 1315 


brown: oil was extracted with petroleum, the extract filtered through alumina, and then 
evaporated to yield 2-methoxy-2'-methyl-c-azonaphthalene, m, p. 72° (from petroleum) (Found : 
N, 8-8. C,,H,,ON, requires N, 86%). 

cis-p-Chloroazobenzene, previously obtained as an oil (J., 1938, 876), has now been obtained 
in crystalline form, m. p. 32°. stvans-p-Bromoazobenzene, m. p. 82° (Noelting and Werner, 
Ber., 1890, 23, 3254), was converted in the usual way in petroleum solution into cis-p-bromo- 
azobenzene, a dark red oil solidifying after 2 hrs., m. p. 39° (Found: N, 10-96. C,,H,N,Br 
requires N, 10-75%). cis-p-lodoazobenzene, m. p. 62°, was obtained in exactly the same manner 
from the tvans-compound (Willgerodt and Smith, Ber., 1904, 37, 1311), and reverted to this on 
melting 2 or 3 times (Found : N, 8-9. C,,H,N,I requires N, 9-1%). The last two cis-compounds 
are unusually firmly adsorbed on alumina relative to the tvans-forms, and both are abnormally 
stable under ordinary conditions. cis-p-lodoazobenzene contained no chromatographically 
detectable amount of the trans-variety after the solid had stood for 2 weeks in absence of light. 

00’-Di-iodoazoxybenzene.—5 G. of o-iodonitrobenzene, dissolved in 50 c.c. of acetone, were 
quickly treated with an aqueous solution of sodium stannite (prepared from 6-2 g. of stannous 
chloride and 3-2 g. of sodium hydroxide), and the solution, which quickly became violet, was 
refluxed for 45 mins. The crystalline precipitate was filtered off, washed successively with 
sodium hydroxide, dilute hydrochloric acid, and water, and recrystallised from acetone, forming 
small, light orange cubes, m. p. 148° (1-2 g.) (Found: I, 56-4. C,,H,ON,I, requires I, 56-4%); 
the same product was obtained with larger amounts of stannite. 200 Mg. in a little acetone 
diluted with 30 c.c. of alcohol were reduced with 6 g. of 4% sodium amalgam. After 1 hr. the 
solution was decanted, any hydrazo-compound oxidised with a few drops of hydrogen peroxide, 
and the solution diluted with water and extracted with 50 c.c. of petroleum. Evaporation 
yielded orange crystals which, recrystallised from methanol—water, proved to be azobenzene_ 
(m. p. and mixed m. p., 67°). 

cis-cis- and cis-trans-Bisbenzeneazobenzenes.—0-5 G. of normal bisbenzeneazobenzene in 
100 c.c. of petroleum—benzene (4:1) was irradiated for 45 mins., adsorbed on alumina, the 
column repeatedly washed with 200 c.c. of the same solvent, and then with 75 c.c. of petroleum— 
benzene (1:1). The chromatogram then had a topmost band (2 cm., deep orange), an inter- 
mediate zone (1 cm., light orange), and a third zone of unchanged material. Normal working-up 
yielded from the topmost zone cis-trans-bisbenzeneazobenzene (orientation, see p. 1312), m. p. 136° 
(Found: N, 194. C,,H,,N, requires N, 196%). The intermediate zone contained the cis- 
cis-isomeride. 

Irradiated 4 : 4’-bis(benzeneazo)azobenzene [0-1 g. in 25 c.c. of chloroform or benzene-— 
petroleum (1: 1)}] likewise gave a band of very strongly adsorbed material, but no further 
separation was observed. Material recovered from this zone had a m. p. identical with that of 
the starting material. 

4: 4'-Bisbenzeneazodiphenyl was conveniently prepared (cf. Ber., 1896, 29, 103; J., 1895, 
67, 925) by adding 5 g. of benzidine in 40 c.c. of acetic acid to 8-5 g. of nitrosobenzene in 25 c.c. 
of acetic acid. The pure compound was filtered off after 1 hr. (yield, 8 g., m. p. 224°). cis-cis- 
and cis-trans-Bisbenzeneazodiphenyls (Found: N, 15:3. C,,H,gN, requires N, 15-5%), which 
revert to the ‘vans-irans-variety on melting, were obtained in the same way as the corresponding 
bisbenzeneazobenzenes, 
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280. cis-Azo-compounds. Part III. Absorption Spectra. 
By A. H. Coox, D. G. Jonzs, and J. B. Porya. 


The absorption spectra, usually in chloroform, of numerous substituted cis-azo- 
benzenes have been determined from ca. 280 to 480 my. All exhibit the two-banded 
structure of the spectra of the tvans-isomerides which have also been determined or 
redetermined, the intensity of absorption rather than the trivial changes in wave-length 
providing the chief distinguishing feature. Absorption spectra of stereoisomeric forms 
of bisbenzeneazobenzene and 4 : 4’-bisbenzeneazodipheny]l are also described. 
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Tus paper describes the absorption spectra of numerous cis-azo-compounds prepared by 
an irradiation-chromatographic adsorption technique (J., 1938, 876, and preceding paper) 
and their relation to the spectra of their trans-isomerides. 


The determinations were made with a Hilger ‘‘ Barfit’’ quartz spectrograph (E 498), an iron- 
tungsten spark being used as the source of light. The solvent, except where otherwise stated, 
‘was chloroform. Experiment had shown that the reversion cis -> trans takes place less readily 
in non-ionising solvents, the sharper separation of the absorption bands in such solvents being a 
secondary advantage. We determined a number of spectra in petroleum which had been freed 
from aromatic hydrocarbons, but the very low solubility of many azo-compounds in petroleum 
induced us to make most of our determinations in chloroform. The absorption curves are of 
similar form in these solvents, but although the band heads are only very slightly different in 
the several compounds we examined in both solvents, yet the intensities are markedly higher in 
petroleum. 

As the cis-isomerides were all prepared by irradiating a solution of the tvans-compound and 
the effect of short periods of irradiation is not completely ‘known, experiments were necessary 
to ensure that the spectra determined are in reality those of the cis-compounds and not of partly 
isomerised products. The identity of the spectra obtained in determinations on the same solu- 
tion at intervals confirmed that the irradiation during the determination had no appreciable 
effect on the stereochemical composition of the material in solution. Similarly, the possibility 
of activation of the reversion by products of photochemical oxidation of chloroform was shown 
to be of no significance. 

Intensities are expressed throughout as log, 9¢, where ¢ = (1/cl) logygZ)/Z (c = concentration 
in mols. /litre, ] = length of tube in cm.). 

The main numerical results are summarised in the following table, where log, ¢ is given in 
parentheses. Multiple values indicate a splitting of the main band into a number of maxima, 


Compound 

C,H,RR “N,’C,H,R’. cis-. trans-. 
R’. is r 

H 

H 


H 
m-Me 


- 
H 


H 
H 











ws 
4 
3 


BS ff ppt 


* 


324 (4-18) (4:29) 445 (2-47) 
299 (3-96) (3-34) (4:30) 446 (9-83) 
299 (3-78) 450 (2-25) (4:17) 448 (2-78) 
329 (384) 424 (3-24) (4:18) 447 (2-79) 
326 (4-02) 444 (3-06) (4:36) 445 (3-05) 
332 (4:07) 445 (2-94) (4:33) 445 (2-81) 
324 (4:04) 445 (3-05) (4:36) 445 (2-88) 
324 (4:29) 447 (3-25) (4-47) 447 (2-91) 
325 (4:27) 273-5 (4-22) (4-43) 273-5 (4-00) 


310-5 (4:32) 4 258-5 (4-16) 311 ) 2953 (3-91) 
308 251-5 252-5 
330 (422) Ao 327-5 (4-20) eh, 


— ~~ 341-5 (4-46) _ 
350 (3-86) 439 (3-05) 351 (4:36) 445 (3-10) 
351 (4:23) 440 (3-07) 327 (421) 445 (3-16) 
— — 330 (4:30) 425 (4-18) 
— 320 (4-00) 381 (4-04) 

— 324 (3-90) 376 (4-00) 


a. 


p-NO, 
p-OEt 
o-OMe 
o-OH 

o-OMe 
o-OMe 


p-OH 


—_— 


oor © 


a359 (4-31) 
£364 (4-29) 
a364 (4-48) - - — 
” ” £368 (4-48) 
p-OMe H 360 (3-61) 435 (2-85) 366 (4-38) 450 (2-75) 
o-OMe  & p-OMe 373 (4-28) _ 371 (4-31) a+ 
o-OMe 368 (3-65) 455 (3-00) 368 (4-26) — 
p-PhN, H (cis—cis) 366 (4-20) 440 (3-14) 

(cis—trans) 356 (4-27) 

(trvans—trans) 368 (4-57) 
p-PhN,C,H, H H (cis—cis) 360 (4-47) 442 (3-79) 
(cis—trans) 363 (4-52) 442 (4-06) 
(trans—trans) 369 (4-66) 
~ tg (4-13) 278-5 (4-07) 268 (4-30) 392 (4-32) 


389-5 (4-17) 
* Petroleum used as solvent instead of chloroform. 


1-Benzeneazo-4-methoxynaphthalene * { 
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Spectra of trans-Compounds.—Our results for these isomerides confirm and amplify 
those of Burawoy (J., 1937, 1869). The spectra usually consist of an intense (K) band at 
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ca. 320—370 my. (due to the general conjugation between the N—=N group and the aromatic 


nuclei), a second less intense (R) band 
4R 





at ca. 440—470 my, ascribed to the N—N linkage 
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itself, and a third band at ca. 230—270 mu. Burawoy concludes that an amino-, hydroxy-, 
or methoxy-group at the end of the conjugated system favours the shift of the K-band to 
longer wave-lengths and the less marked shift of the R-band to shorter wave-lengths, 
whereas o-groups of this nature shift only the R-band slightly towards shorter wave-lengths. 
From the table it appears that this is always the effect of a single p-substituent irrespective 
of its chemical nature, and this applies also to many compounds containing two substituents. 
The only exceptions noted in this work are o-azophenol and its mono- and di-methyl 
ethers which, unlike any other azo-compounds studied, possess an intense band at 380— 
420 my (Fig. 1). The appearance of a second intense band in the spectra of azo-compounds 
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containing two positive groups is, however, probably a general phenomenon (Pongratz, 
Markgraf, and Mayer-Pitsch, Ber., 1938, 71, 1287). One or two methoxy-radicals in other 
positions in azobenzene give spectral curves of shape resembling those of methyl- and 
halogeno-azobenzenes (Figs. 2—5). Introduction of a further azo-group with consequent 
lengthening of the conjugated system results in a shift the order of which is to be compared 
with that effected by introducing a p-methoxy-group. 

Spectra of cis-Compounds.—Our results for azobenzene itself are in good agreement with 
those of Le Févre and Vine (J., 1938, 431). The effect of isomerisation on the absorption 
spectrum in substituted azobenzenes is usually to cause but slight alteration in the absorp- 
tion band heads, whilst the intensities may be considerably altered. The shift of the R-band 
is so slight as to be within the limits of experimental error but it is usually markedly more 
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intense in the cis-isomerides. On the other hand, the K-band may suffer comparatively 
wide shifts (although the effect is usually small) towards shorter wave-lengths; only in the 
cases of unsubstituted azobenzene and o-methoxyazobenzene is the shift in the opposite 
direction. Moreover, whilst remaining the most intensely absorbing part of the spectrum, 
the cis-K-band is invariably weaker than the corresponding region in the ¢vans-spectrum. 
These effects are illustrated in the spectra of cis- and trans-azobenzene and the p-halogeno- 
derivatives (Figs. 2, 3). In the ¢rans-compounds the K-band heads form a regular series 
with respect to their position and intensity, and this series, except for azobenzene, is main- 
tained in the cis-compounds ; the effect on the R-band is variable, Attention may also be 
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directed to the surprisingly large effect of a single methyl group as in m- and p-methylazo- 
benzene and the very slight effect observed when two symmetrical methyl groups are present 
(Figs. 4, 5). These general differences between spectra of the cis- and the ¢rans-azo-series 
are closely parallel to the differences observed between analogous pairs of isomerides in 
the oxime, olefin, diazo-cyanide, and other series. 

It is surprising that stepwise isomerisation of the azo-linkage in 1 : 4-bisbenzeneazo- 
benzene results in no regular shift of the band head, the maximum for the cis-trans-modifi- 
cation lying at a shorter wave-length than that of either of the other forms. The wave- 
length of the main band-head of 1 : 4-bisbenzeneazodiphenyl becomes progressively shorter 
and the intensities are regularly weakened as first one and then both azo-linkages are 
isomerised, a similar progressive weakening in intensity being observed in the case of 
bisbenzeneazobenzene (Fig. 6). 


We thank the Chemical Society for a grant. 
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281. Absorption Spectra of Some Sulphur Compounds. 
By R. A. Morton and A. L. STuUBBs. 


Ultra-violet absorption spectra distinguish between the structures (Ia) and (Ib) ; 
and when R = H the structure corresponds to (a) rather than (6). Similarly (IVa) and 
(IVb) are markedly different. Comparisons with the spectra of o-hydroxycarbanil, 
1-hydroxybenzthiazole derivatives, and substituted quinolines and quinolones support 
the interpretation. 


THE compound (I, R = H) may possess the alternative structures (Ia) and (Id), but the 
methyl derivatives (II) and (III) exist as separate individuals. The unequivocal syntheses 
S 


% oh iN * 
a Sif CSR pe CS C-SMe 
Y Y 

NR NM 

(Ia.) (Ib.) (II.) (III.) 

by Mills, Clark, and Aeschlimann (J., 1923, 123, 2362) establish the structure of (II), so the 


isomeric compound prepared by the action of methyl sulphate on the sodium salt of the 
Fic. 1. 


Fic. 2. 
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1-Thiolbenzthiazole. —— 2-Thiol-4-methylquinoline. 
—---— 1-Thio-2-methyl-1 : 2-dihydrobenzthiazole. —--— 2-isoPropylthio-4-methylquinoline. 
-.—.— 1-Methylthiobenzthiazole. 
thiol must have the structure (III) (cf. Sexton, this vol., p. 470). 


p ). Comparison of the ultra- 
violet absorption spectra (Fig. 1 and Table I) of (I), (II), and (III) affords evidence that 
(I) is a thio-ketone. 








TABLE I. 
(1.) 


(II.) (III.) 

Amex, mp. log émax.. Amax., Mp. log émax.. Amax, Mp. = log €wax.. 
325 4-43 324-5 4-41 300-5 * 3-92 
~282 3°34 ~282 3-43 ~290 4-01 
~252 3-84 ~255 3-87 280 4-09 
235 4-10 241 4-14 ~244 3-92 
231 4:13 224 4-36 

~ denotes inflection. 
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The compound (IV) may also be formulated as (IVa) or (IVd), but as its absorption 
spectrum differs widely from those of alkyl derivatives possessing the structure (V; R = 
Me, Et, or Pr’) it must be a thio-ketone if the ethers can be proved to be substituted thiol- 


quinolines (Fig. 2). 

















CH, x CH, 
Ole OG 
NH N N 
(IVa.) (IVb.) (V.) 









TABLE II. 









a ae Bin, fete ta log €min.- 
(IV.) (V; R = Me.) 
383 4-1 316 3-03 339 3-81 ane _ 
278-5 4:36 an fas ~327 3-75 300-5 3-38 
241 3-57 231-5 3-49 ~277 3°77 oan —_ 
255 4-43 233 3-97 
(Vv; R =Et.) (V; R = Pr8) 
339 3-80 -—~ we 341 3-87 —- - 
~327 3-76 300-5 3-30 ~329 3-81 302 3-30 
joan amen aime omen ~312 3-52 —_ — 
256 4-43 231 3°94 ~280 3-80 --- oa 
255-5 4-44 233 4-02 






~ denotes inflexion. 







Discussion.—The data may be considered in relation to the effect of replacing oxygen 
by sulphur and also in relation to the theory of chromophoric groups. The absorption 
spectrum of o-hydroxycarbanil, like that of o-aminophenol, is essentially benzenoid, and 








OH O S S 
4 5 ‘ *y 
. * 0 ts 
H, NH NH NA 
Aenaz.s TYE 200200000 286 232-7 273-6 292-5 245 325 235 
OG Cmax, 200000000 3-6 3-86 3-71 3-63 3-95 443 41 
(Morton & McGookin, (Morton & Rogers, (Hunter & Parken, (This paper) 
J., 1934, 901) J., 1925, 127, 2698) J., 1935, 1757) 













any absorption due to the carbonyl group seems to be masked. On replacing the ring 
oxygen by sulphur, d,,,x, is displaced somewhat in the direction of longer wave-lengths, 
i.é., to 292-5 my in 1-hydroxy-5-methylbenzthiazole (the 5-methyl group exercises but little 
effect on the spectrum). A further and larger displacement to 325 my occurs (in 1-thio- 
dihydrobenzthiazole) when the oxygen of the carbonyl group is replaced by sulphur. 
This is accompanied by a big increase in intensity of absorption (log « 3-63 ——> log « 4-43). 
Replacement of methoxyl oxygen by sulphur results in a small wave-length displacement 
and a large increase in intensity of absorption : 










S S 
OMe e¢ CSMe 
NA NA 
Amat. TAB cco cce 296-2 291-2 m282-5 -~~260 300-5 ~290 280 ~244 224 
lOg Emax. +200. 3-0° 3-0 3-05 3-9 392 4-01 4-09 3-92 4:36 





(Hunter and Parken, Joc. cit.) 


The alkyl derivatives (V) may be compared with methoxy- and ethoxy-quinolines 
(Ault, Hirst, and Morton, J., 1935, 1653) : 
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CH, 


OOm OU 


Sra 308-5 339 327 _ etc. (Table II) 
Beil. catdeneLeoudensies 357 3-65 381 3-75 


It will be noticed that there is the same splitting of the long-wave absorption into two 
maxima, and that the wave-length displacement is not large when methoxyl oxygen is 
replaced by sulphur. 

When carbostyril (Morton and Rogers, loc. cit.; Ault et al., loc. cit.) and its N-methyl 
derivative are compared with (IV) it is seen that replacement of carbonyl oxygen by sulphur 
again effects a large wave-length displacement : 


Me 


$e eee vu 6S" 


NH NMe NH 


327 296 328 270-5 383 278-5 
3-83 3-845 3-78 3-82 4-1 4-36 


The spectroscopic evidence thus indicates that in alcoholic solution both (I) and (IV) exist 
as thio-ketones and that, irrespective of whether the structural problem be considered in 
terms of tautomerism or resonance, the alternative formulations can only play a very 
subordinate part. A similar conclusion is reached by Hunter and Parken (loc. cit.) in that 
“ 1-hydroxy-5-methylbenzthiazole ’’ is largely ketodihydrobenzthiazole. 


EXPERIMENTAL. 


The absorption spectra were obtained in the ordinary way, using an arc between iron 
and nickel electrodes, or a high-tension spark between tungsten electrodes under water for a 
continuous-spectrum light source. e is defined by the relation log,, J,/I = ecd where c is 
the molar concentration and d the thickness in cm. 

2-Thiol-4-methylquinoline (Roos, Ber., 1889, 21, 625; Rosenhauer, Hoffmann, and Heuser, 
Ber., 1929, 62, 2732).—2-Hydroxy-4-methylquinoline (Knorr, Annalen, 1886, 236, 83) (35 g.) 
and phosphorus pentasulphide (35 g.) were intimately mixed and heated at 210° until completely 
molten. The cooled melt was boiled with 150 c.c. of concentrated hydrochloric acid until 
only sulphur remained undissolved. The solution was filtered through glass-wool and diluted 
with a large volume of water, and the mercaptoquinoline collected, washed with water, and 
recrystallised from alcohol and water; it formed small brown needles, m. p. 265° (yield 25 g.). 
Repeated crystallisation, followed by sublimation in a vacuum, yielded the mercaptan in pale 
brown needles, m. p. 274—275° (cf. Roos, m. p. 253°; Rosenhauer e al., m. p. 266°). 

2-Methylthio-4-methylquinoline.—2-Thiol-4-methylquinoline (15 g.) was dissolved in 10% 
aqueous sodium hydroxide (60 c.c.) and treated with methyl sulphate (12 c.c.) with intensive 
shaking. 30 C.c. of 10% alkali were added, and the mixture kept at room temperature for 
3 hours. The oily product was extracted with chloroform, and the extracts washed with 2% 
aqueous alkali and finally water, and dried over sodium sulphate. The 2-methylthio-4-methyl- 
quinoline left on removal of the solvent was distilled in a vacuum; b. p. 170—177°/14 mm. 
(yield 13 g.); it solidified, and was crystallised from alcohol and water, separating in colourless 
prisms, m. p. 37° (Found: N, 7-8. C,,H,,NS requires N, 7-4%). 

2-Ethylthio-4-methylquinoline (cf. Roos, loc. cit.).—2-Thiol-4-methylquinoline (6-5 g.) was 
dissolved in 10% alkali (30 c.c.) and ethyl alcohol (20 c.c.), warmed to 40°, and treated with 
ethyl iodide. A red oil separated almost immediately. The reaction mixture was kept at 40— 
50° for 20 minutes, cooled, diluted with water, and extracted with chloroform. The extracts 
were washed with 2% alkali and finally with water, and then dried over sodium sulphate. The 
2-ethylthio-4-methylquinoline left on removal of the solvent was distilled in a vacuum (Roos 
states that it decomposes on distillation, and gives no constants), b. p. 170—175°/14 mm. ; 
yield 6—8 g. (Found: N, 7-4. C,,H,,NS requires N, 6-9%). 

2-isoPropylthio-4-methylquinoline.—2-Thiol-4-methylquinoline (16 g.) was dissolved in 8% 
aqueous alkali and alcohol (20 c.c.) and treated with isopropyl bromide (10 g.). The reaction 
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mixture was heated on a water-bath for 1 hour, the isopropyl derivative separating as a dark oil. 
The cooled reaction mixture was diluted with water and extracted with chloroform. The extracts 
were washed with 2% aqueous alkali and finally with water, and the 2-isopropylthio-4-methyl- 
quinoline left on removal of the solvent was distilled in a vacuum; b. p. 170—173°/14 mm. ; 


yield 9 g. (Found: N, 6-8. C,;H,,NS requires N, 6-5%). 
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282. The Crystal Structure of Hexamethylbenzene and the Length of 
the Methyl Group Bond to Aromatic Carbon Atoms.* 


By L. O. Brockway and J. MONTEATH ROBERTSON. 






The crystal structure of hexamethylbenzene has been re-investigated with the aid 
of the double Fourier series method of interpreting the intensity data. The projection 
along the c axis leads to an electron-density contour diagram in which two of the methyl 
carbon atoms are entirely resolved. The distances to the centre of the molecule are 
2-92 A, which, with measurements on the ring, lead to a ring size of 1-39 A and methyl 
group bond lengths of 1:53 A. The lower values (1-47—-1-49 A) previously reported for 
durene and dibenzyl may be less reliable because of the less favourable orientations 
of the molecules in the projections. The present result is in agreement with electron- 
diffraction data and shows that a methyl group bond attached to a fully substituted 
benzene ring has the same length as in saturated aliphatic hydrocarbons. The shorter 
single-bond lengths reported in stilbene, tolan, diphenyl, etc., are the result of conjug- 
ation of the side chain with the benzene nucleus. 

The minimum intermolecular approach distances are 3-70 and 3-87 A between 
carbon atoms and 2-0—2-2 A between hydrogen atoms. Comparison with the closest 
intermolecular approach of hydrogen atoms in solid methane (1-97 A) shows that the 
hexamethylbenzene molecules are packed as closely as the hydrogen—hydrogen 
repulsions will allow. With the molecules lying very nearly in the (001) plane, the 
structure is triclinic instead of monoclinic because the former arrangement allows a 
closer packing amounting to a 9% greater density. 




















THE crystal structure of hexamethylbenzene was investigated by Lonsdale (Proc. Roy. Soc., 
1929, A, 128, 494; .Tvans. Faraday Soc., 1929, 25, 352), who showed that the molecule is 
planar (except for the hydrogen atoms) and that it lies in the (001) crystallographic plane. 
In fixing the size of the molecule, Lonsdale calculated intensities for a number of trial 
structures, whose bond lengths are listed below : 









MOGRE  cccscenescsssesien b c d e f g h 
CarCar, A ccccocceseee 148 1-54 1-54 1-42 1-42 1-42 1-30 
Cee Ca, A cccccccceeee 148 1-54 1-48 1-48 1-42 1-36 1-30 





Model ¢ was chosen from this group on the basis of the comparison of calculated and observed 
intensities, with the conclusion that the carbon-carbon bonds in the benzene ring were 
t 1-42 A long and those holding the methyl groups to the ring were 1-48 A long. 

The length of the bonds by which the substituted groups are attached to the benzene 
ring in methylbenzenes is of special importance because it serves as the reference value for 
estimating the effect of conjugation on bond length in conjugated systems. The carbon— 
carbon bond length is always observed to be 1-54 A within about 0-02 or 0-03 A whenever 
the two atoms involved are each attached to four other atoms, as in diamond, ethane, 
propane, isobutane, meopentane, and long-chain hydrocarbons (Brockway and Taylor, 


* A preliminary announcement of some of the results of this investigation was made at the meeting 
of the American Chemical Society, Baltimore, Maryland, April, 1939. 
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Ann. Reports, 1937, 34 196) ; and. this distance is regarded as characteristic of the carbon- 
carbon single bond. With the change of bond type to double or triple, the observed 
distances become 1-34 or 1:20 A. Intermediate values ranging from 1-48 to 1-39 A have 
been observed in a number of conjugated systems, including benzene and other molecules 
containing the benzene nucleus, cyanogen, diacetylene, and the oxalate group. For the 
bond holding a side chain to a benzene ring such intermediate values have been observed 
in durene, dibenzyl (Robertson, Proc. Roy. Soc., 1933, A, 142, 659; 1935, 150, 348), 
stilbene, tolan (Robertson and Woodward, zbid., 1937, A, 162, 568; 1938, A, 164, 436), and 
also in diphenyl (Dhar, Indian J. Physics, 1932, 7, 43), p-diphenylbenzene (Pickett, Proc. 
Roy. Soc., 1933, A, 142, 333), and pp’-diphenyldiphenyl (idem, J]. Amer. Chem. Soc., 1936, 
58, 2299). The decrease from 1-54 A indicates that the bond type is different from that 
occurring in the saturated aliphatic hydrocarbons. In the last five of the seven molecules 
just named, the bond in question is part of a conjugated system, and it may be supposed 
that the accompanying resonance hybridisation is responsible for the intermediate character 
of the bond. On the other hand, the low values (1-47—1-48 A) reported for this bond 
in hexamethylbenzene, durene, and dibenzyl suggest that a single bond in this position 
is shorter than 1-54 A even in a non-conjugated system. The low values observed in these 
molecules have been quoted in support of the proposal (Glasstone, Ann. Report, 1936, 33, 
77) that “the conjugated resonating system of single and double linkages in the 
benzene nucleus can bring about a ‘tightening up’ of external bonds”’ in substituted 
benzenes. 

From the foregoing considerations we might accept the value 1-48 A as the length 
characteristic of a carbon-carbon bond external to a benzene ring, and ascribe decreases 
below this value to the effect of conjugation. Accordingly, the external radius of a benzene 
carbon atom would be 0-71 A (0-77 A being taken for the radius of a methyl carbon). 
The consequences of this conclusion lead, however, to serious discrepancies. We should 
expect the separation of the rings in the diphenyl type of molecule to be 1-42 A with no 
allowance for the conjugation effects, and several hundredths of an Angstrém unit less 
than this when the conjugation is taken into account; but the observed distance is 1-48 A. 
Predictions of the lengths of the side-chain-attaching bonds in stilbene and tolan (Penney 
and Kynch, Proc. Roy. Soc., 1938, A, 164, 409), based on calculations of the energy of 
the molecules and on the observed lengths of non-conjugated carbon-carbon bonds, gave 
excellent agreement with observation when the non-conjugated bond length was assumed 
to be 1-54 A. It would be difficult to understand this agreement if the non-conjugated 
length were in fact 1-48 A. 

The accuracy of the value reported for hexamethylbenzene was questionable for two 
reasons. An electron-diffraction investigation (Pauling and Brockway, J. Amer. Chem. 
Soc., 1937, 59, 1223) on the vapour showed that the length, 1-54 A, for the methyl group 
bonds gave a better agreement between calculated and observed diffraction patterns than 
did the value 1-48 A. Also, Lonsdale’s determination based on trial structures had not 
included a test of a side-chain bond length of 1-54 A (combined with a ring size of 1-42 A).* 
Because of this uncertainty in the observed value and of the importance of an accurate 
knowledge of the non-conjugated bond length, we have repeated the determination of the 
crystal structure of hexamethylbenzene. 

The present investigation, based on a Fourier analysis of new and more extensive 
intensity data, leads to a ring size of 1-39 A and a methyl group bond length of 1-53 A. It 
is further found that the planar molecule is tilted out of the (001) crystal plane by about 1°, 
but apart from these modifications Lonsdale’s previous structure is fully confirmed. 

Our new figures for the bond lengths are probably accurate to within +0-02 A, and are 
superior to the previous determinations in durene and dibenzyl because of the more favour- 
able position of the hexamethylbenzene molecule in the crystal. Although the durene and 


* In 1929 an atom was thought of as having the same radius for all of its bonds irrespective of 
variations in bond type. For the combination of bond distances, 1-42 A and 1-54 A, in hexamethyl- 
benzene it would have been necessary to postulate a methyl carbon atom with a diameter of 1-66 A. 
Because there was no evidence for a carbon atom of such a size, the foregoing combination of bond 
distances was not tested. 





















































ee? ae 


1326 Brockway and Robertson : 


dibenzyl results were refined by a double Fourier analysis, yet the positions of the molecules 
in these crystals are such that no perfectly clear resolution of any of the methyl] or methylene 
groups is possible in any two-dimensional analysis. Allowance had to be made for the 
overlapping effect of the neighbouring benzene carbon atoms in the projections, and it 
would now appear that this allowance may not have been sufficient. Furthermore, in 
these structures the radius of the benzene ring was assumed to be 1-41 A. If this is 
corrected to 1-39 A, the methyl group bond distances are automatically increased from the 
reported values of 1-47 A to 1-49 A. At present it seems most reasonable to assume that 
the remaining discrepancy between 1-49 A and our new value of 1-53 A in hexamethyl- 
benzene is due to insufficient allowance for the overlapping effect of neighbouring atoms 
in the durene and dibenzy] structures. 

We have attempted to check this point by recalculating the durene structure factors 
for a molecule with C,,-C,, =139 A and C,,-C,, =1-54 A, and the orientation 
previously found. The results show that the sum of the discrepancies between the 
calculated and observed values becomes about 0-5% greater for the new figures. This 
change, however, is probably too small to be significant, and in general the figures are found 
to be extremely insensitive to the tested change in dimensions. We do not think that a 
more definite result can be obtained for durene until more accurate and more extensive 
intensity data are available. The same conclusion is probably true for dibenzyl. Both 
these crystals are volatile, and further more refined experimental work is consequently 
difficult. 

The result of this investigation shows that the length of a methyl group bond external 
to benzene (fully substituted) is the same within the experimental error as the length of the 
single carbon-carbon bond in saturated aliphatic hydrocarbons. The resonance in the 
benzene ring itself accordingly has no important effect on the lengths of the external bonds. 
When the external bonds are observed to be less than about 1-53 A in length, the decrease 
is to be attributed to the influence of the attached group. Thus, in stilbene and the phenyl- 
substituted benzenes the carbon-carbon bond adjacent to the benzene ring is part of a 
conjugated system involving multiple bonds in the benzene nucleus and in the substituted 
group, and the observed decrease below 1-53 A is a measure of the conjugation effect. 
In the case of 1 : 2-diphenylbenzene and 1 : 3 : 5-triphenylbenzene, the molecules are not 
planar because of the repulsions between the phenyl groups (Lonsdale, Z. Krist., 1937, 97, 
91); and although a complete structural analysis has not been made, it is very probable 
that the bonds between the benzene rings are longer than those in 1 : 4-diphenylbenzene 
because the departure from planarity inhibits the conjugation across this bond. In 
tolan, the ‘‘ single ’’ bond length is 1-40 A, a value 0-13 or 0-14 A less than the true single 
bond length. This decrease is probably due, not only to conjugation of the triple bond 
and the multiple bonds in the ring, but also to a change in the relative contribution of s and 
p atomic orbitals to the single bond on an atom also holding a triple bond. The short 
methyl group bond length, 1-46 A, observed in methylacetylene has been ascribed by 
Pauling, Springall, and Palmer (J. Amer. Chem. Soc., 1939, 61, 927) in part to the latter 
effect and in part to resonance with structures having two double carbon-carbon bonds 
and only two of the methyl hydrogens bonded. Here it may be simply noted that, whereas 
a single bond is shortened by an adjacent triple bond, there is no appreciable shortening of 
a single bond adjacent to a double bond or a benzene ring as shown by observations on 
methylethylenes (Pauling and Brockway, ibid., 1937, 59, 1223) and by the present result 
on hexamethylbenzene. 

Analysis of the Structure. 

Crystal Data.—Hexamethylbenzene, C,,H,,; M, 162-1; m. p. 164°; density, calc. 
1-061, found 1-042. Triclinic. a = 8-92+4 0-02, b = 886+ 0-02, c=530+4 0-01 A; 
a = 44° 27’, B = 116° 43’, y=119° 34’; digg = 7:66, dog = 5-96, dog, = 3-66 A; 

Z (010) : (001) = 129° 18", 2 (001) : (100) = 80° 48’, Z (100) : (010) = 74° 0’. Space 
group probably C,’ (PI) rather than C,’ (Pl). One molecule per unit cell. Molecular 
symmetry, centre. Volume of the unit cell = 252 A®. Absorption coefficient for X-rays, 

4 = 1-54,u = 5-21 percm. Total number of electrons per unit cell = F(000) = 
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The axial lengths and spacings differ slightly from Lonsdale’s values, owing to a 
corrected value for the wave-length, but the angles are the same. 

Experimental Measurements.—Small crystal specimens weighing about 0-1 mg. were 
mounted completely in the X-ray beam (filtered Cu-K, radiation), and rotation photo- 
graphs taken about the crystallographic axes. The intensities of the reflections were 
recorded on moving films, and measured on an integrating photometer. Considerable | 
difficulty was experienced in cutting suitable crystal specimens owing to their great 
tendency to distort on the cleavage planes. The crystals were also found to perish rather 
rapidly in the X-ray beam, and a number of different specimens had to be employed in 
the work. 

An attempt was made to obtain absolute values for the intensities by comparison with 
a diamond standard on the moving-film two-crystal spectrometer (Robertson, Phil. Mag., 
1934, 18, 729), but the above difficulties tended to make the results inaccurate. The scale 
employed for the F values given below was finally obtained by correlation with the 
calculated values. One absolute measurement gave a value some 35% less than this scale, 
but the result is probably in error. 

Structure Factors and Fourier Synthesis—We know from Lonsdale’s work (loc. cit.) 
that the hexamethylbenzene molecule lies practically in the (001) plane of the crystal. 
Consequently, the (4k0) set of structure factors and the corresponding projection of the 
structure along the c axis give far more complete information about the dimensions of 
the molecule than can be obtained from a study of any other zone. We have, therefore, 
confined our analysis principally to this zone, although a number of other reflections have 
been measured for confirmatory evidence. 

The double Fourier series method was used. The coefficients, calculated from the 
measured intensities by the usual formule (mosaic crystal), are given in Table I. The 


TABLE I. 


Values and Signs of F (Ak0). 
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phase constants, represented by the signs attached to these numbers, had to be derived 
by a preliminary trial analysis. For this purpose the molecular orientation given by 
Lonsdale (loc. cit.) was employed, and the structure factors were calculated for the following 
two models : 

(1) C.-C, =1-:39A C,,-Cy, = 148 A 

(2) CC, =1:39A Ci.--Cy, = 154A 
In both these cases precisely the same set of phase constants was obtained for all the 


measurable structure factors, and these are given in Table I. It will thus be quite clear 
that the value of the C,,—C,,, distance which is obtained as a result of this Fourier synthesis 
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is quite independent of the precise nature of the initial assumptions which have been made 
with regard to the molecular dimensions, and it does, in fact, amount to a direct 


determination. 
Orientation of the Molecule. Dimensions and Co-ordinates——The results of the 


summation of the electron density series 


p(xy) = a2 = F(hk0) cos 2a(hx/a + ky/d) 


are represented by the contour map of Fig. 1, where the lines are drawn at unit electron 
intervals. It has been mentioned above that the scale of F values is not a true absolute 


Fic. 1. 
Hexamethylbenzene, c axis projection. 








a sin B 


Scale, A. 
2 


one, but is derived by correlation with the calculated values. The density increments 
thus only approximate to one electron per A per line, and in fact, the peak values are 
somewhat higher than we should expect for a structure of this kind. These considerations, 
of course, have no effect on the atomic positions. 

The projection has been drawn on a plane perpendicular to the ¢ crystal axis. Owing 
to the triclinic axes, this projection plane does not coincide with any crystal plane, but is 
inclined at an angle of 46° 16’ to the (001) plane (and also approximately at this angle to the 
plane of the molecule). The sides of this projection plane are a sin 8 and 6 sin «, and the 
angle between them, y*, is 106° 0’. The area of the projection plane (A in the above 
equation) is equal to 47-5 A*. 

The inclination of the molecule to this plane causes considerable distortion in the 
projection, but fortunately the atoms A and D (compare Fig. 2) are very clearly resolved, 
and it is found that the line joining them lies very nearly in the projection plane. The 
measured distance between A and D is 1-53 A, and from D to the centre of the ring, 1-39 A. 
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The estimated centres of the other atoms are indicated by small crosses in Fig. 1, and 
these are found to lie on the Projection of a regular plane hexagonal structure with 
Cyr. —Car, = 1:39 A and C,,-C,,, = 1-53 A. 

The complete orientation of the molecule can be calculated from the projection. The 
line L (AD) makes an angle of 28° 30’ with the projected a axis, and M an angle of 116° 
30’. The fact that these lines are not mutually perpendicular indicates a small rotation 
of the molecule about the M axis, and the observed foreshortening of the assumed hexagonal 
structure in the M direction [y (observed) /R (assumed) = sin w,, = 0-6912] indicates a 
fairly large rotation about the L axis. 

The orientation is most conveniently referred to an orthogonal system of axes. For 
these we choose the projected a axis (a sin 8), another axis perpendicular to it and also 


Fic. 2. 








a sing 


lying in the plane of the projection (b’ in Fig. 2), and the crystallographic c axis along which 
the projection is made. The angles between the molecular axes, L, M, and their normal N, 
and these three orthogonal axes are then denoted by xz, wz, wz, etc. The results are 
given below, together with the angles which the triclinic crystal axes make with these 
orthogonal axes. The co-ordinates of the atoms follow in Table ITI. 


Orientation of molecular axes. 
Xt = 28° 34’ xu = 107° 58’ 
¢, = 61° 31’ vu = 51° 47’ 
@, = 91° 55’ ay = 43° 44’ 


Orientation of triclinic crystal axes. 
= 26° 43’ % =101° 8’ t= 
== 90° 0’ tp = 47° 41’ te = 
= 116° 43’ wp = 44° 27’ a, = 


Orientation of normal to (001) plane = c*, etc. 


69° 39’ Angle between c* and L = 91° 
129° 18’ ie pe » M=89° 
46° 16’ ” ” ” N = = 


TABLE II. 


Co-ordinates referred to triclinic crystal axes ; centre of symmetry as origin, 


Atom. #, A. 27x |/a. y, A. 2ary /b. 2, A. 

A CH 3-318 133-9° 2-069 84-1° —0-082 
B CH 1-287 51-9 3-359 136-5 — 0-040 
C CH — 2-030 —81-9 1-289 52-4 0-043 
DC 1-580 63-8 0-985 40-0 —0-039 
EC 0-613 24-7 1-598 64-9 —0-018 
FC — 0-967 ~— 39-0 0-613 24-9 0-020 
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Intermolecular Distances and Arrangement of Molecules in the Crystal. 


The grouping of the molecules in the crystal is illustrated by the extended contour map 
of Fig. 3, showing the relations of nine molecules in a normal projection along the c axis. 
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The arrangement of a single layer of molecules in the (001) plane is indicated in Fig. 4, with 
some of the distances of closest approach between adjoining methyl carbon atoms also 
shown. These distances, 3-90, 3-95, and 3-99 A, are to be compared with the corresponding 
value in durene of 3-93 A. The shortest distances between methyl atoms in adjoining 
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(001) layers are 3-87 and 3-98 A, the first being identical with the value observed for 
similarly disposed molecules in the durene structure. The shortest carbon-carbon inter- 
molecular distances, 3-70 and 3-78 A, are observed in the (100) layer of molecules, where a 
methyl carbon in one molecule lies almost directly over an atom in the ring in the molecule 
below. 

The packing of the molecules in the crystal is determined by the equilibrium distances 
between the hydrogen atoms in different molecules. Mack (J. Amer. Chem. Soc., 1932, 54, 
2161) has discussed the packing arrangement in the hexamethylbenzene structure in some 
detail, and has given two figures to show how the space between the carbon atoms is 
occupied by hydrogen atoms. The hydrogen separations can be computed only if the 
positions of the atoms are determined, and this information is not afforded by the X-ray 


Fic. 4, 
A single layer of molecules in the (001) plane. 








3a 


analysis, The carbon-hydrogen bond lengths in the methyl groups are very probably 
the same as those in methane, for which the band-spectroscopic value (Ginsburg and 
Barker, J]. Chem. Physics, 1935, 3, 668) is 1-093 A. The angle between the carbon-hydrogen 
bonds in methane is 109° 28’, but it is probably smallet in the methyl groups because of the 
tepulsions between hydrogen atoms in adjacent groups in the same hexamethylbenzene 
molecule. It has been suggested by Pauling (Physical Rev., 1930, 36, 430) that a transition 
point observed in the heat-capacity curve at —122° marks the beginning of rotation of 
the methyl goups. If the methyl groups are rotating at about 20°, where the X-ray 
photographs were taken, the hydrogen atoms in adjacent methyl groups would approach 


each other within 1-50 A (HCH angles being assumed to be 109° 28), as compared with 
distances of 1-78 A between hydrogen atoms in the same methyl group. Ifthe HCH angle 


is decreased to 102° 10’ and the CCH angle increased to 116° 5’, the hydrogen atom separ- 
ations within a methyl group and between adjacent methyl groups on the same molecule 
become equal at 1-70 A. The separations between adjacent hydrogen atoms in different 


molecules in the (001) layer may now be calculated by using C-H = 1-09 A and CCH = 
116° with the resulting values ranging from 2-00 A to 2-25 A. In solid methane, where the 
close approach of the molecules is also limited by repulsions between hydrogen atoms, the 
molecules lie in a face-centred cubic arrangement with the edge of the unit cell equal to 
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5-88 A (Mooy, Proc. K. Akad. Wetensch. Amsterdam, 1931, 34,550). It is believed (Pauling, 
loc. cit.) that the molecules are rotating in the temperature region from —253° to the m. p. 
at —184°; and this would bring hydrogen atoms on different molecules within 1-97 A of 
each other. This value compared with 2-00 A, the smallest hydrogen-hydrogen inter- 
molecular distance observed in hexamethylbenzene, shows that the hydrogen interactions 
are indeed the limiting factor in the molecular packing and explains the relatively large 
carbon-carbon intermolecular distances. 

The symmetry of the (001) layer is nearly hexagonal (.¢., with a = 6 and y = 120°). 
The deviations amounting to 0-7% difference between a and bd and an angle deviation of 
26’ may afford a more compact fitting-in of the methyl groups in the (001) layer, but are 
certainly influenced by the nature of the stacking of successive layers. If we attempt to 
build up a hexagonal or monoclinic structure by placing the centres of the molecules 
directly over those in the layer below and allow 2-00 A for the closest approach of hydrogen 
atoms, the interplanar spacing will be about 4-00 A. In the observed structure the upper 
layer is translated so that the molecular centres lie over intermediate positions in the lower 
layer and the methyl groups no longer lie directly over each other. This allows the layer 
spacing to decrease to the observed value of 3-66 A, which represents an increase of about 
9% in the density. For this reason the structure as a whole deviates from hexagonal or 
monoclinic symmetry in spite of the nearly hexagonal arrangement of the (001) layer. 
The (001) spacing of 3-66 A is larger than the layer spacing in graphite, viz., 3-40 A, by an 
amount which allows for the accommodation of the hydrogen atoms with inter-hydrogen 
separations ranging upwards from 2-0 A. 

It may be noted that the deviations from hexagonal symmetry include a slight tilt of 
the molecules out of the (001) plane. The tilt corresponds to a rotation of 1° 8’ about an 
axis through the molecule parallel to the 6 axis. 
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283. The Heat of Decomposition of Chlorine Trioxide, and the 
Energy of the Oxygen—Chlorine Bond. 


By CHARLES F,. GOoDEVE and ARTHUR E. L. Marsa. 


A value of AH,,.- = — 37 + 2 kg.-cals./mol. has been obtained for the heat of 
the reaction ClO, > }Cl, + 140,, and the heats of decomposition of all the oxides of 
chlorine are now known. A value of 52 + 1 kg.-cals. has been calculated for the 
normal 2-electron O-—Cl bond energy in the chlorine oxides. The dichlorine monoxide 
molecule is weakened to the extent of about 10 kg.-cals. by a strain in the oxygen 
angle, and the dichlorine heptoxide molecule is weakened to a slightly greater extent. 
The strengthening influence of the odd electron in chlorine tri- and di-oxide has been 
calculated to be about 11 and 15 kg.-cals. respectively. It has been deduced that the 
heat of decomposition of ClO into atoms is about 67 kg.-cals. Applications of the 
thermochemical data to the kinetics of the reactions of the oxides of chlorine are 
discussed. 


CHLORINE trioxide is involved as an intermediate product in many of the thermal and 
photochemical decomposition reactions of the oxides of chlorine. It is also formed in the 
thermal and photochemical reactions between chlorine and ozone, and in the thermal 
reaction between chlorine dioxide and ozone. A knowledge of its heat of decomposition 
is of importance in understanding the kinetics of these reactions, 
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The oxides of chlorine are difficult subjects for calorimetric measurements, as their 
decomposition is not easily controlled and they react vigorously with all tap lubricants, 
mercury, etc. The application of a new calorimetric technique to measurements of the 
heat of decomposition of dichlorine heptoxide has recently been described (Goodeve and 
Marsh, J., 1937, 1161) and this method has now been applied to chlorine trioxide. 

Preparation of Chlorine Trioxide.—This was prepared by the reaction of dilute streams 
of gaseous ozone and chlorine dioxide as described by Goodeve and Richardson (J., 1937, 
294) (cf. Schumacher and Stieger, Z. anorg. Chem., 1929, 184, 272). The design of the 
reaction chamber was now modified, however, so that the reactants mixed in a bulb at the 
top, at room temperature, the product being collected at the bottom of the trap which 
was cooled in melting ice. In this way the yield was considerably increased and the form- 
ation of chlorine trioxide beyond the reaction chamber was avoided. 


EXPERIMENTAL. 


Owing to the low vapour pressure of chlorine trioxide, several minor modifications of the 
apparatus used in the calorimetric experiments on the heptoxide were necessary in order to 
obtain a sufficiently rapid rate of flow of the gaseous oxide. The Gaede pump was supplemented 
by a mercury diffusion pump, and the diameter of all tubing increased, and the length decreased, 
wherever possible. The diameter of the jet in the decomposition chamber was increased to 
about 2 mm., and the two sand plugs removed. These alterations, although not sufficient to 
give as rapid a rate of decomposition as in the experiments on the heptoxide, provided the maxi- 
mum rate of flow compatible with complete decomposition of the trioxide. In order to avoid 
appreciable decomposition of the chlorine trioxide in passing through tubes, the required 
amount was distilled into a short U-tube close to the decomposition chamber just before an 
experiment and purified by fractional distillation. 

Since the heat effects measured in these experiments were less than in the decomposition of 
the heptoxide, an accurate knowledge of the changes in wattage of the filament during the 
course of the decomposition was increasingly important. After some preliminary experiments 
the ammeter and voltmeter previously used were supplemented by galvanometers in potentio- 
meter circuits designed to give the required accuracy. 

During the course of these experiments it was observed that the resistance of the platinum 
filament was always slightly higher at the end of the experiment than at the beginning. This 
may have been due to distillation of platinum under the high vacuum conditions or to attack of 
the platinum by chlorine or chlorine trioxide. 

The theory developed in the previous paper showed that the sum of the integrals of the heat 
effects occurring in the calorimeter between time ¢ = 0 and ¢ = « was equal to zero, since the 
calorimeter returned to its initial equilibrium temperature. Owing to the permanent changes 
in the resistance (and hence in the wattage) of the filament during the present experiments, the 
sum of the integrals is now equal to C(T,’ — T,), where C is the heat capacity of the calori- 
meter, and 7,’ and T, are the final and the initial equilibrium temperature respectively. 

Hence 


q+ [MBs aa | (7 — Toat = CTY — Te 
0 


g= a flr — ty — M59] a+ core - is laiseser eat te 
0 


q is the heat produced by the chemical reaction, and k a constant determining the rate of 
removal of heat and equal to c,dm/dt, where c, is the specific heat of water and dm/dt its rate of 
flow through the cooling coil; T is the calorimeter temperature, W the wattage of the filament 
at any instant during the experiment, and W, the initial equilibrium value. 

The integral is simply the area enclosed by the plots of (W — W,)/4:18k and (T — T,) 
against time. As shown in the previous paper, it is convenient to divide the graph into two 
parts at a time chosen after the reaction had ceased and the wattage become steady. If the 
temperature at this instant is T, the value of A, (see previous paper) is (Ty — T,')C/k. There- 
fore equation (1) becomes 

4 q = R[Ay + (Ty — Te)C/k) + C(Te’ — Te.) = FA, + C(To>—T.) . . « (2) 
s 
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It is seen that the method used in the previous paper for calculating the heat evolved in the 
chemical reaction is still applicable when permanent changes in the wattage of the filament 
produce a change in the final equilibrium temperature and that the latter need not be known. 

The value of c, was taken as unity; dm/dt was measured directly and was generally close to 
0-25 g./sec. A blank run confirmed that the value of & obtained directly was equal to that 
calculated from the logarithmic function of the cooling curve (see previous paper), The wattage 
was about 2 volt-ampéres, and the heat capacity about 300 cals. /degree. 

Results,—The results are summarised in Table I. The high chlorine analyses were due to 
incomplete decomposition, with the production of small amounts of chlorine dioxide (which 


TABLE I, 


ClO, decomposed, AH, ClO, decomposed, AH, 
millimols., kg.-cals. /mol., .  millimols., kg.-cals. /mol., 
q- from O,. from Cl,. from Q,. q- from O,. from Cl,. from O,. 
8°95 0-238 0-254 — 376 13 48 0-342 — — 39-4 
15-30 0-408 0-426 —37-5 10-62 0-302 0-305 —35-2 
11-14 0-317 0-315 — 35-2 13-02 0-293 0-297 (—44-4) 
11-90 0-325 0-341 — 36-6 Mean —37 


liberates five equivalents of iodine). Values of AH, based on the oxygen analyses, can be shown 
by calculation to have only small errors arising from this incomplete decomposition because the 
ratio of the heat of the reaction, ClO, -» ClO, + 40,, to that of the complete reaction is nearly 
the same as the ratio of the oxygen produced in the two cases, i.e., 1:3. The cause of the 
high value in the last experiment is not known, and account has not been taken of this value 
in the average. 

Possible sources of error have already been suggested in the paper on the heptoxide. In the 
present experiments, the slower rate of heat production and the smaller quantities of oxide 
decomposed have inevitably led to an increase in the limits of error. The changes in heat 
conductivity, due to the increase in the gas pressure during the reaction, caused changes in the 
amount of heat contained in the filament and its capillary and a distortion of the shape of the 
temperature-time curve from that shown in the previous paper. These changes balance out 
except for the small effect due to the permanent change in wattage. The error introduced here 
was negligible, since the change in wattage was very small. An examination of these limits of 
error led to the conclusion that they are not greater than those indicated by the results in Table 
I. The value of AH,,- for the reaction ClO, > $Cl, + 140, is therefore — 37 + 2 kg.-cals., or 
AU ,5- = — 37-6 + 2 kg.-cals. 

The Energy of the Oxygen—Chlorine Bond.—From the heats of decomposition of the oxides 
of chlorine and the dissociation energies (Jevons, “‘ Band Spectra of Diatomic Molecules,”’ 
1932) of oxygen (AU = 117-3 kg.-cals.) and chlorine (AU = 57 kg.-cals.), the energies of 
dissociation of the chlorine oxides into their constituent atoms, #.¢., the total bond energies, 
have been calculated (see Table II). Strictly, the total bond energy should be calculated 
from AU at 0° k., but as the specific heats are not known, this is not possible. The values 
given in Table II are therefore about 1% too high. 


TABLE II. 


(All energies are in kg.-cals./g.-mol.) 
Cl" O O 
0” | No Na? a => 
b o d oO 0% Not-0/% No 
(probably (non-planar), 
non-planar). 
BEE ccerccvcesccsscccocesces «= = BRT — 37-0 — 63-4f — 26-6 * 
BU cccoveccedececcsvscesens «= - * BBO — 37-6 — 65-5 — 26-9 
Total bond energy +93-7 + 167-0 +402-0 +119-0 
Average bond energy... 47-0 55-6 50-3 59-5 
r.(O-Cl), A 1-71 — — 1-57 
Total weakening 10 — 14 —- 
Total strengthening ... = ll — 15 
* Wallace and Goodeve, Trans. Faraday Soc., 1931, 27, 648. 
+ Goodeve and Marsh, J., 1937, 1161. 


Division of the total bond energy by the number of bonds gives the average oxygen- 


re) 
Oxide : ca“ Na 
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chlorine bond energy, and it is seen that this is different for each compound. In what 
follows these differences are attributed to two causes. 

The oxygen angle in dichlorine monoxide (111° + 2°) is equal to that in the ethers 
(111° + 4° for dimethyl ether) and greater than that in water and difluorine monoxide 
(105°). The larger angles in dichlorine monoxide and dimethyl ether are attributed by 
Sutton and Brockway (J. Amer. Chem. Soc., 1935, 57, 473) to steric repulsion between the 
chlorine atoms and methyl groups respectively. This is supported by the fact that the 
Cl-Cl distance (2-82 A) is less than the distance of nearest approach of two unbonded chlorine 
atoms in solid benzene hexachloride and other crystalline chlorine compounds (3-7 A). 
The total bond energy of dichlorine monoxide is thus the sum of two 2-electron bonds minus a 
weakening effect due to repulsion between the chlorine atoms. One concludes, therefore, 
that the normal 2-electron O-Cl bond energy is greater than 47 kg.-cals. /mol. 

In chlorine trioxide the oxygens are held to the chlorine mainly by 2-electron bonds, 
although in this case both the electrons in each bond come originally from the chlorine 
atom. There is, however, an odd electron which may contribute to the whole binding 
energy of the molecule, and we may conclude that the normal 2-electron bond energy is 
somewhat Jess than the average bond energy, 55-6 kg.-cals. That this odd electron does not 
contribute much binding energy may be concluded from the fact that it is available to 
cause association to dichlorine hexoxide, although the energy of the associating bond is 
low, about 2 kg.-cals. (Farquharson, Goodeve, and Richardson, Trans. Faraday Soc., 
1936, 32, 790). 

Dichlorine heptoxide has six 2-electron bonds, apparently quite unperturbed, and two 
strained, for the same reason as in dichlorine monoxide. The average bond energy, 50-3 
kg.-cals., is therefore nearer the correct one than either of the previous ones. However, 
from Fonteyne’s calculation (Natuurwetensch. Tijds., 1938, 20, 275) that the angle at the 
central oxygen is 128°, we can deduce that the energy of each of the central bonds is less than 
the 47 kg.-cals. found for dichlorine monoxide. We will tentatively assign a value of 45 kg.- 
cals. to these bonds, assuming a maximum error of 3 kg.-cals. On this assignment the 
six normal 2-electron bonds have each an energy of 52 + 1 kg.-cals. 

Chlorine dioxide belongs to the class of stable odd-electron molecules and there is no 
evidence for its association to dichlorine tetroxide (Goodeve and Young, unpublished 
results). Pauling (J. Amer. Chem. Soc., 1931, 53, 3225) has explained the stability of certain 
odd-electron molecules on the basis of a three-electron bond. Brockway (Proc. Nat. Acad. 
Scit., 1933, 19, 303) has shown that chlorine dioxide satisfies the conditions necessary for the 
existence of such a bond. The resulting increased bond strength is reflected in the closer 
equilibrium separation, 7,. 

On the basis of 52 kg.-cals. for the normal oxygen-chlorine bond, the total weakening 
effect of steric repulsion and total strengthening effect of the odd electron in the respective 
cases have been calculated and are shown in the lower part of Table II. There are, of course, 
other methods of approach and other possible assignments, but the one chosen appears to 
lead to the most reasonable results. It is to be noticed that the total strengthening, 15 
kg.-cals., is less than that predicted by Brockway, 

Chlorine Oxide, C1O.—Since this oxide has been postulated as an intermediate in many 
of the reactions of the oxides of chlorine, a knowledge of its heat of formation would be of 
great assistance. There is good reason to believe from the predissociation spectra of chlorine 
dioxide that the heat of the reaction, ClO > Cl + O, is considerably greater than 43 kg.- 
cals. In order to apply the above value of 52 kg.-cals. to this compoun4q, it is first necessary 
to determine whether or not the odd electron increases the bond strength as in chlorine 
dioxide. There must be resonance between the structures (I) and (II) for the same reasons 

as given by Brockway for chlorine dioxide, and therefore the odd 

oe! | * = electron should lead to an increase in bond strength. This may be 
:Cl:O:  :Cl:O: compared with a parallel case; the bond strength in nitric oxide is 
(I.) (II.) much greater than it is in nitrogen dioxide (the odd electron in the 
former is anti-bonding in the sense that if it is removed a stronger 
bond can be formed). It is rather difficult to assess the value of the increase in the chlorine 
oxide bond strength until more is known about the electronic structure, but it is probably 
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of the same order of magnitude as the total effect in the dioxide (7.e., 15 kg.-cals.). The 
heat of formation of chlorine oxide from its atoms is therefore about 67 kg.-cals. 

The Reactions of the Oxides of Chlorine.—All the oxides of chlorine decompose at room 
temperature and are very reactive to many compounds, and for this reason have frequently 
formed the subject of investigations in reaction kinetics. They also in general react 
photo-chemically. It is now possible to apply the above data to see whether or not the 
many reaction mechanisms put forward are energetically possible. 

As the binding energy of the oxygen molecule is more than twice the normal O-Cl bond 
energy, reactions such as 

ClO, —> CIO + 0O,; AU = —173 kg-cals. . . . . . (1) 
are exothermic. The odd-electron contribution in chlorine dioxide, however, makes the 
reaction 

ClO, —> C14+0,; AU=+1-7 kg.-cals. . . . . . (2) 
slightly endothermic. Although the energy of activation, E, must, in this case, be greater 
than AU, as a rearrangement of the bonds occurs, reaction (2) probably takes place at room 
temperature and certainly in preference to 
Clo, —>Cl0 +0; E=AU=+ 52 kg-cals. . . . . (3) 


Schumacher and Stieger (Z. physikal. Chem., 1930, B, 7, 363) favoured reaction (3) as 
against (2). 
On the other hand the reaction 
ClO —> ClO + Cl; E=AU =+ 266kg.-cals. . . . . (4) 
can proceed at room temperature in preference to 
Cl,O —> Cl, + O; E > AU = + 366 kg.-cals. 


This oxide, when pure, does not explode even on sparking (Wallace and Goodeve, Trans. 
Faraday Soc., 1931, 27, 648), and therefore presumably reaction (4) is inefficient in starting 
chains. 

The reactions with ozone form an interesting group. The extra oxygen atom in ozone 
is held on by only 24-2 kg.-cals. compared with 52 kg.-cals. when held to chlorine, and thus 
ozone can readily oxidise chlorine and its oxides. All the following reactions are known 
to occur when chlorine is photo-decomposed into atoms in the presence of ozone. 


Cl + O, —> ClO + O,; AU = — 42-9 kg.-cals. ofthe! ae 

ClO + O, —> ClO, + O,; AU = — 27°7 __s—, oye th “ey 

ClO, + O, —> ClO, + O,; AU = — 238 _e, Mle Que 

2Cl0, + O, —> Cl,0, + O,; AU = — 438 se, g Pie: ols 
The large heat evolved may appear in the oxide of chlorine product to an extent sufficient 
to cause it to decompose according to reactions (1) or (2). The effect of the oxides of chlorine 
in sensitising the decomposition of ozone has been explained by reactions (6)—(9) occurring 

along with 

ClO + O, —> Cl + 20,; AU = — 26-lkg.-cals. . . . . (10) 

ClO, + O, —> ClO + 20,; AU = — 4133 se, Sra 

ClO, + O; —> ClO,+ 20,; AU = — 45-2 _,, re 


The same mechanism can explain the high quantum efficiency in the chlorine-photo- 
sensitised reaction (Allmand and Spinks, J., 1931, 1652; 1932, 599). 

The thermal reaction between chlorine and ozone, which is mainly catalytic, was studied 
by Bodenstein and his co-workers (Z. Elektrochem., 1913, 19, 836; Z. anorg. Chem., 1925, 
147, 233; Z. physikal. Chem., 1929, B, 5, 209), and later by Hamann and Schumacher 
(tbid., 1932, B, 17, 293) and Norrish and Neville (J., 1934, 1864). All authors agree that 
the initiating reaction is likely to be 

Cl, + O, —> ClO + C1O,; AU = + 12-5kg.-cals.. . . . (13) 


This is followed by reactions (6)—(12). The energy of activation will, however, be much 
greater than the energy change here calculated, as there is considerable spatial rearrangement 
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of bonds. On the other hand, ozone with an energy of activation of 24-2 kg.-cals. can 
produce oxygen atoms. These can start the reactions (6)—(12) by first reacting thus 
Cl, + O—> ClO + Cl; AU = — 10 kg.-cals. — ea 
The heats of reaction will be useful in the next stage in the interpretation of these 
reactions, which involves a deduction of the energies of activation from the structural 
changes and the force constants of the molecules involved. The necessary data are at 
present only partly known. 


The authors are indebted to the Department of Scientific and Industrial Research for a 
grant in aid of this research. 
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284. Studies of Ionisation in Non-aqueous Solvents. Part II. 
The Formation of Certain Ammines. 


By Wit1itAmM L. GERMAN and (in part) R. A. JAMSETT. 


A series of reactions has been carried out in methyl and ethyl alcohols between 
ammonia and various salt solutions. Unlike the reaction which occurs in water, 
ammines are formed directly between the salts and the ammonia in these solvents. 


ALTHOUGH the reactions between ammonium hydroxide and aqueous solutions of metallic 
salts have often been studied, the only noteworthy investigations of the analogous reactions 
in non-aqueous solutions are due to Naumann and his collaborators (Ber., 1899, 32, 999; 
1904, 37, 3600, 4609, 4328; 1909, 42, 3790; 1910, 43, 314; 1914, 47, 250, 1371) and to 
Curtis and Burns (J. Amer. Chem. Soc., 1917, 39, 33). The former workers studied the 
behaviour of gaseous ammonia towards conveniently soluble salts in acetone, methyl and 
ethyl acetates, aceto- and benzo-nitriles, and pyridine, and the latter performed a series 
of reactions in isoamyl alcohol. In both cases compounds were prepared and analysed, 
but no use seems to have been made of physicochemical methods for the elucidation of 
their structures. 

In the present communication a series of reactions has been studied in ethyl and 
methyl alcohols with the aid of conductivity titrations. This method has the advantage 
of being rapid and also avoids errors inherent in the isolation and drying of precipitates 
which may decompose on standing. 

The results show that the formation of ammines, contrary to the behaviour in water, 
proceeds directly. This is due to the fact that little combination occurs between the 
ammonia and the solvent. The reactions observed, therefore, resemble those occurring 
between the solid salts and ammonia, and not those between ammonium hydroxide and 
the aqueous salt solution. 


EXPERIMENTAL. 


The solvents were purified and dried, and the anhydrous salts prepared, as described in 
Part I (J., 1938, 1027). Stock solutions of ammonia were prepared by leading the gas from 
a cylinder through a tall tower containing freshly burnt lime and into the alcohols. The usual 
precautions (loc. cit.) against ingress of atmospheric moisture were taken. The specific 
conductivities of the ammonia solutions were as follows : 


Ethyl alcohol. 
Concn. 10®K. Concn. 10®x. Concn. 10®x. 
0-99n/10 11-0 0-99N/20 7°85 0-99Nn /40 6-35 
Methyl alcohol. 
0-99n/10 43-5 0-99 /20 33-8 
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In each case the conductivity is small and supports the view that little combination is possible 
between ammonia and solvent. As expected, ionisation is greater in methyl than in ethyl 
alcohol. The significance of this is that solvolysis is more likely to occur with solutions in the 
former than in the latter solvent, and this is found to be the case with the precipitates analysed. 

Conductivities were determined at 25° in the same apparatus as before, and are shown in 
Figs. 1 and 2, which depict respectively conductivity titrations in methyl and in ethyl alcohol. 


Fie. 1. 
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Mols. of NH3. 
Mols. of NH, plotted against specific conductivity (x) in methyl-alcoholic solution. 




















2 4 a 6 8 


Precipitates for analysis were dried in a desiccator over calcium chloride at atmospheric pressure. 
In certain cases, where decomposition appeared to be rapid, the precipitate was washed with 
the corresponding alcohol, and then immediately dissolyed in a suitable acid. In such cases, 
only the ratios of the components were determined. The ammonia was estimated by distill- 
ation into standard acid, and the halogen and metal contents found gravimetrically by standard 
methods. , 

Reaction between Ammonia and Silver Nitrate —Mono-, di-, and tri-ammines of silver have 
been reported by various authors, but the diammino-compound is considered to be the only 
one stable in solution (Draper, Pharm. J., 1886, 17, 487; Bodlander and Fittig, Z. physikal. 
Chem., 1902, 39, 597; Euler, Ber., 1903, 36, 1854; Whitney and Melcher, J. Amer. Chem. Soc., 
1903, 25, 70; Britton, J., 1925, 127, 2957). Castoro (Gazzetta, 1907, 37, i, 310) prepared crystals 
of Ag(NH,),NO, by adding alcohol to a concentrated ammoniacal solution of silver nitrate, 
and Hantzsch (Z. anorg. Chem., 1899, 19, 104) prepared a precipitate of the same composition from 
benzonitrile solution by leading in ammonia. Britton and Wilson (J., 1933, 1050) have shown 
that aqueous solutions of silver nitrate, to which excess of ammonium hydroxide has been added, 
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contain the salt Ag(NH,),NO;, and that the corresponding base Ag(NH;),OH is appreciably 
stronger than ammonium hydroxide: 

When ammonia is added to silver nitrate in each of the alcoholic solutions (Figs. 1 and 2) 
the conductivity curves are discontinuous after the addition of 2 mols. The conductivity 
values of the ammonia in these alcoholic solutions (see below) suggest that little appreciable 
combination of the type NH, + ROH = NH,’OR, with ionisation to NH,+ and OR~-, takes 
place, and this view is supported by a comparison with the analogous reactions with solutions 
of sodium ethoxide and methoxide of similar concentrations in the same dry alcoholic solutions. 


Fic. 2. 
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0 2 
Mols. of NHs. 
Mols. of NH, plotted against specific conductivity (x) in ethyl-alcoholic solution. 


In both cases a brownish-black substance is precipitated, presumably according to the equation 
RONa + AgNO, = NaNO, + AgOR (R = Me or Et). With ammoniacal solutions, however, 
no precipitation whatsoever occurs. With methyl alcohol the solution darkens somewhat, 
but the effect is not noticeable in ethyl alcohol. In view of the higher conductivity of the 
ammonia solution in methyl alcohol this is to be expected, as rather more combination between 
this solvent and ammonia occurs. Evaporation of the solution of silver nitrate in ethyl alcohol, 
to which excess of ammonia had been added, deposited long needle-shaped crystals of diammino- 
silver nitrate (Found: NH,, 16-63. Calc.: NH;, 16-67%) which darkened on exposure to 
light. In these alcohols, therefore, at the concentrations employed the compound formed 
is the same as that which is stable in water, but in this case reaction proceeds by direct addition, 
whereas in water a hydrated oxide is first formed. 
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Reaction between Ammonia and Cupric Chloride.—In aqueous solution there is considerable 
evidence in favour of the formation of a complex ion Cu(NH,),+*+ when excess of ammonium 
hydroxide is added to copper chloride solution, the copper hydroxide formed initially redissolving 
(Konowaloff, J. Russ. Phys. Chem. Soc., 1899, 31, 910; Gaus, Z. anorg. Chem., 1900, 25, 236; 
Locke and Forsall, Amer. Chem. J., 1904, 31, 268; Dawson and McCrae, J., 1900, 77, 1239; 
1909, 95, 380; Bonsdorff, Ber., 1903, 36, 2322; Z. anorg. Chem., 1904, 41, 132; Reychler, 
Bull. Soc. chim. Belg., 1914, 28, 227; Job, Compt. rend., 1927, 184, 204), though under some 
conditions the ion Cu(NH,),** is formed. 

In dilute solution in ethyl alcohol, addition of ammonia leads to complete precipitation of 
copper from cupric chloride as a bluish-green precipitate of the diammino-chloride (Found : 
Cu, 38-0; NH, 20-0; Cl, 43-0. Calc. : Cu, 37-7; NH;, 20-2; Cl, 42-1%). The precipitation is 
accompanied by a fall in conductivity until 2 equivs. of ammonia have been added; there- 
after there is little change. Excess of ammonia does not dissolve the compound. The same 
compound has been obtained from solutions in water, acetone, or isoamyl alcohol, but in 
methyl and ethyl acetates, the hexammino-compound is formed (Naumann, loc. cit.). 

Immediate solution of the compound took place on adding water to the absolute alcohol, 
giving the familiar deep blue solution, which Kohlschiitter (Ber., 1904, 37, 1156) has shown 
to contain the Cu(NH;),** ion. 

The significance of the increased combination of ammonia with methyl] alcohol is shown in 
the reaction which occurs in the solvent with copper chloride. At first a light blue compound 
of indefinite composition is precipitated (Found, in wet precipitate: Cu:Cl: NH; = 
2-50 : 1-76: 1-00), and then there is a fall of conductivity as the compound dissolves in excess 
of the ammonia until, after 3 mols. of ammonia have been added, a deep blue solution is formed 
and there is little further change in conductivity. On standing, this solution deposits a few deep 
blue crystals, but further evaporation of the solution in air leads to the deposition of the above 
light blue powder, so the deep blue substance is only stable in the presence of excess ammonia. 
The conductivity titration gives its composition as Cu(NH,),Cl,. 

Reaction between Ammonia and Mercuric Chloride—When aqueous ammonia is added to an 
aqueous solution of mercuric chloride, ‘‘ infusible white precipitate,”” HgCl-NH,, is formed. 
On the other hand, when gaseous ammonia is passed over the solid salt, or when the latter 
is added to a boiling solution of ammonium chloride and ammonia, “ fusible white precipitate,” 
HgCl,,2NH;, is formed. 

Addition of ammonia dissolved in methyl or ethyl alcohol to alcoholic solutions of mercuric 
chloride caused a rapid rise in conductivity. With ethyl alcohol this continued until about 
1-5 mols. had been added, the values then falling again. A white precipitate settled out im- 
mediately ammonia was added, but after the addition of rather more than 1 mol. precipitation 
ceased. The dried precipitate was of indefinite composition (Found: Hg, 63-11; NH;, 7-71; 
Cl, 22-68; Hg: Cl: NH, = 1: 2: 1-44). 

With methyl alcohol the precipitate was also white and of indefinite composition (Found, 
in wet precipitate: Hg: Cl: NH, = 1-00: 2-10: 1-75). Curtis and Burns (loc. cit.) showed 
that the precipitate obtained in isoamyl alcohol was also indefinite. On the other hand, 
Naumann and his collaborators (loc. cit.) reported the preparation of HgCl,,2NH, in methyl and 
ethyl acetates, acetone, and pyridine, and Weyl (Pogg. Ann., 1867, 131, 547) obtained it by dis- 
solving mercuric chloride in liquid ammonia; in benzonitrile, however, Naumann (loc. cit.) pre- 
pared the compound HgCl,,4NH,;. Apparently, in hydroxylic solvents the straightforward 
addition of ammonia to mercuric chloride leads to formation of indefinite compounds. 

Reaction between Ammonia and Cobalt Chloride.—It is well known that addition of excess 
of ammonia to an aqueous solution of cobalt chloride leads to the formation of very stable 
hexammino-chloride. In ethyl-alcoholic solution, the reaction causes formation of a dirty 
whitish precipitate, and this is accompanied by a rise in conductivity until 2 mols. of ammonia 
have been added, after which it falls. Precipitation of CoCl,,2NH;, as indicated by the dis- 
appearance of colour from the solution, was complete. On standing, the precipitate turned 
brown and finally, on drying in air, brownish-violet. Apparently it loses some ammonia on 
standing (Found: Co, 32-30; NHs;, 16-35; Cl, 38-50; Co: NH,: Cl = 1: 1-81: 2-01). 

A somewhat similar reaction takes place in methyl alcohol, the yellowish-brown precipitate, 
which goes green on exposure to air, being of indefinite composition (Found, in wet precipitate : 
Co: NH, : Cl, = 3-64: 1-70: 1-0). Precipitation of cobalt was complete when rather less 
than 2 mols. of ammonia had been added. Sodium methoxide under similar conditions gives a 
dirty green gelatinous precipitate. 

Curtis and Burns (loc. cit.) obtained CoCl,,3NH, by precipitation from isoamyl] alcohol, and 
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Naumann (loc. cit.) obtained CoCl,,6NH; from methyl acetate. No data are recorded for other 
solvents. 

Reaction between Ammonia and Cadmium Iodide.—Ammoniacal aqueous solutions of cadmium 
contain complex ions of the type Cd(NH;),** in aqueous solutions, the hydroxide initially 
formed dissolving in excess of the reagent (see, e.g., Dawson and McCrae, loc. cit.). In ethyl- 
alcoholic solution, however, a very small precipitation occurs on addition of ammonia to dilute 
solutions of cadmium iodide. The conductivity rises sharply to a maximum which corres- 
ponds to the addition of 2 mols. of ammonia, suggesting formation of Cd(NH,),I,, and thereafter 
falls. A small white crystalline precipitate (insufficient for analysis) appears on standing. In 
view of the proved trustworthiness of the method in cases where analysis has been possible, 
it is justifiable to assume that the compound is the diammine. This has been obtained by 
various workers in aqueous solution, and also from acetone and ethyl acetate by Naumann 
(loc. cit.). 

In methyl alcohol the conductivity falls after the addition of approximately 1 mol. of 
ammonia. The precipitate, which is insufficient for analysis, is probably of indefinite composition. 
Under similar conditions sodium methoxide gives a large, bulky, white, gelatinous precipitate. 
Formation of methoxide thus does not occur when ammonia is used. 

Reaction between Ammonia and Calcium Chloride—The addition of excess of aqueous 
ammonia to calcium chloride solution leads to precipitation of the hydroxide. Heavy white 
precipitates are also obtained in alcoholic solutions on adding sodium ethoxide and methoxide 
to calcium chloride. No precipitation whatever occurs with ammonia under similar conditions. 
The fall in conductivity, at first rapid, becomes slower after the addition of 2 mols. of ammonia, 
indicating the formation of CaCl,,2NH, in solution. Various ammines have been prepared 
from ammonia and the dry solid. 

Reaction between Nickel Chloride and 4mmonia.—It has been shown that in aqueous solution 
addition of ammonia to nickel chloride leads to formation of the hydroxide, which dissolves in 
excess of ammonia to form a complex ion Ni(NH,),** (see, e.g., Dawson and McCrae, loc. cit.). 
Heavy white gelatinous precipitates are obtainable with excess of reagent when sodium meth- 
oxide and ethoxide solutions in the dry alcohols are added to the corresponding alcoholic 
solutions of nickel chloride. 

Very little precipitation occurs when methyl- and ethyl-alcoholic solutions of ammonia are 
added to yellow solutions of anhydrous nickel chloride in the corresponding alcohols. No 
analyses were possible, but the conductivity curves indicate the formation of the monoammine 
in ethyl alcohol and the diammine in methyl alcohol. 


The authors’ thanks are due to the Research Fund of the Chemical Society and to the 
Dixon Fund of London University for grants. 
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285. The Viscosities of chemically related Liquids, and their Dependence 
on Molecular Weight and Molecular Volume. Part II. 


By Davip T. Lewis and A. R. MorGan. 


It is suggested that any equation representing the variation of viscosity of liquids 
must contain fundamental terms representing temperature, molecular weight, and 
molecular volume. An equation is derived for chemically related series incorporating 
these essential terms, and the generality of its application is ascribed to similarity of 
cohesive pressures in such series. Fluorobenzene is shown to be a normal member of the 
halogenobenzenes when all factors operative are taken into account. Fused salts give 
some indication of obeying a similar relation, but lack of reliable parachor data prevents 
definite conclusions being drawn as to the influence of the molecular volume. 


THE most satisfactory relation expressing the connexion between temperature and 
viscosity for normal liquids is that due to Andrade (Nature, 1930, 125, 309, 582), 7.e., 

logy = 8/T—«a . i et ees i 
which was later extended (Phil. Mag., 1934, 17, 497, 698). Iyer (Indian J. Physics, 1930, 
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5, 371) has shown the applicability of this relation to 87 liquids of diverse chemical 
constitution, and Prasad (Phil. Mag., 1933, 16, 263) has also found good agreement in the 
case of a few fused salts. 

Lewis (J., 1938, 1063), from a consideration of Chapman’s equation for gaseous viscosity, 
derived the above equation in the form 


logy = (AlogM —B)/T—#logCP . . ... « (2) 


where A, B, and C are constants and P is the parachor and M the molecular weight of the 
substance, and showed it to be generally applicable to all members of an homologous 
series. Equation (2) suggests that even in the liquid state the molecular weight and 
molecular volume exercise a profound influence on the viscosity and should be introduced 
into any equation intended to represent the variation of viscosity with other physicochemical 
constants. Hitherto, attempts to determine relations involving molar volume have been 
impeded by lack of precise dimensional data, but the parachors, being valuable indications 
of the relative magnitudes of molecules, may be utilised in attacking these complex 
problems. 

Silverman and Roseveare (J. Amer. Chem. Soc., 1932, 54, 4460) combined Macleod’s 
equation with that of Batschinski (Z. physikal. Chem., 1913, 84, 643) and derived the 
relation y~* = A/n + B, which is readily convertible into a parachor equation. A some- 
what similar expression, log (log 7) = 1-2y* — 2-9 has been shown by Buehler (J. Physical 
Chem., 1938, 42, 1207) to be generally valid. 

An attempt to derive an equation applicable to a series such as CH,F, CH,Cl, etc., 
previously discussed (J., 1938, 262), led to an expression very similar to (2). For any one 
series, the plot of (log M)/T against log 7 gave a series of parallel lines of slope A, as shown 
in Table I, which was constructed from the data of Meyer and Mylius (Z. physikal. Chem., 
1920, 95, 349) for the four halogenobenzenes; on the other hand, 1/T plotted against log 7 
(equation 1) gives four lines of widely different slope. Table I shows the equations used, 
and the agreement between the experimental and the calculated values of 7 justifies the 
assumption of a constant slope, A == 231-7. 





TABLE I. 
10%». 10%. 
ee. a 102 408), ; 

T°’, K. — logy. T Found. Calc. T°, K. — log». r Found. Calc. 
Fluorobenzene : log y = (231-7 log M)/T — 3-8110. Bromobenzene : log yn = (231-7 log M)/T — 3-6804. 
282-3 2-1891 7-025 6,470 6,561 273-1 1-8033 8-069 15,730 15,440 
288-9 2-2111 6-863 6,150 6,012 278-9 1-8401 7-874 14,450 13,920 
292-9 2-2388 6-770 5,770 5,728 283-1 1-8754 7-756 13,320 13,080 
302-1 2-2890 6-564 5,140 5,129 291-2 1-9314 7-641 11,710 11,700 
306-2 2-3054 6-476 4,950 4,900 301-3. 11-9901 7-288 10,230 10,200 
311-1 2-3298 6-374 4,680 4,634 316-6 2-0747 6-936 8,420 8,445 
317-0 2-3585 6-255 4,380 4,355 334-4 2-1586 6-567 6,940 6,944 
323-2 2-3851 6-135 4,120 4,083 344-2 2-2034 6-378 6,260 6,275 
333-5 2-4318 5-947 3,700 3,690 353-7 2-2373 6-207 5,790 5,728 
344-9 2-4763 5-749 3,340 3,320 415-3 2-4547 5-288 3,510 3,513 


353-9 2-5 157 5-603 * 3,050 3,076 
Chlorobenzene : log 4 = (231-7 log M)/T — 3-7185.  Iodobenzene : log » = (231-7 log M)/T — 3-6140. 


273-0 = 11-9775 7-516 10,530 10,530 277-6 1-6840 8-322 20,700 20,620 
277-7 2-0052 7-389 9,880 9,851 300-5 1-8228 7-688 15,040 14,690 
282-7 2-0376 7-259 9,170 9,194 309-8  1-8807 7-456 13,160 13,000 
289-3 2-0716 7-092 8,480 8,405 321-1 =1-9450 7-194 11,350 11,270 
290-6 2-0825 7-062 8,270 8,270 331:1 1-9979 6-977 10,050 10,050 
293-1 2-0969 7-001 8,000 8,007 341-2 2-0448 6-769 9,020 8,995 
298-1 2-1244 6-885 7,510 17,525 353-6 = 2-1013 6-533 7,920 7,943 
303-1 2-1524 6-769 7,040 7,071 371-0 2-1720 6-226 6,730 6,730 
313-2 2-2013 6-552 6,290 6,311 


It is of fundamental importance to establish a connexion between the intercept « and a 
physical property of the liquids under consideration. For homologous series, equation (2) 
suggests that this intercept should be a volume function raised to the # power, but this 
exponent does not give agreement with the chemically related series now being considered. 
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Nevertheless, the fact that this intercept may be a function of the molar volume is also 
implied by the equation derived theoretically by Eyring (J. Chem. Physics, 1936, 4, 283; 
1937, 5, 726), viz., » = (Nh/V)e#/*7, where V is the molar volume and E an energy factor. 
Simha (ibid., 1939, 7, 202) proposed a similar equation, 7 = (6RT/nVv)e4/*7, the volume 
function again appearing in the intercept. 

These views are corroborated to some extent by the fact that the intercept is found to 
be a linear function of log P, and the graphically determined intercepts for the halogeno- 
benzenes have been used in Table II to calculate the parachors from the expression 


TABLE II. 


Substance. a. log P. log P (calc.). Substance. a. log P. log P (calc.). 
C,H,F -+3-8110 2-3338 2-334 C,H,Br +3-6804 2-4116 2-411 
C,H,Cl +3-7185 2-3879 2-388 C,H,I +3-6140 2-4487 2-449 


1-714 log P = 7-8125 — a. The agreement leaves no doubt that the function « of the 
Andrade equation is primarily determined by the molar volume. From a consideration of 
this group, Andrade (Phil. Mag., 1934, 17, 727) observes that ‘‘ the fluoride shows an 
anomaly paralleled by other physicochemical properties, ¢.g., the boiling point.’’ Lewis 
(J., 1938, 1061) has shown that the critical temperatures of this series are normal in obeying 
the equation T, = kP — 2, and the following table shows that there is no anomaly when the 
boiling points (7,) are calculated from (i) the van der Waals volume function (b) and (ii) 
the parachor by means of the appended equations. 


T;, calc. : 

Substance. b x 108. P. from (i). from (ii). T», exptl. 
C,H,F 5742 215-7 358-6° 359-7° 358-3° 
C,H,Cl 6485 244-3 405-0 404-9 405-1 
C,H,Br 6872 258-0 429-2 426-6 429-1 
C,H,I 7395 281-0 461-8 462-9 461-6 


(i) Ty = 62,480 b — 0-2; (ii) T, = 1-58 P + 18-9. 


Similarly, in the viscosity relation derived above, the fluoride is.normal when compared 
with the other members of the series. This normality is undoubtedly brought about by 
the introduction of the essential terms, M and P, and it is suggested that uncertainty in 
the criteria of anomaly has led to the belief that fluorides are abnormal. 

If we now define « as a linear function of log P given by 


—a=xlog’P'+"lgy. . . . . . « « (3) 
since x and y are constants for the series the general equation takes the form 
logy = A(log M)/T+xlogP+logy .... . (4) 
To demonstrate the application of this equation, the values for a few of the viscosities 


of the propyl halide series (Thorpe and Rodger, Phil. Trans., 1895, 185, 397) have been 
calculated from 


log » = 187 (log M)/T + 1-333 log P — 669380 . . . . (5) 


and Table III represents the results over the entire temperature range, the values of the con- 
stants being obtained by the graphical methods previously described. The good agreement, 


TABLE III. 


10%». 10%». 10%. 10°. 
T°, K. Exptl. Calc. T° K. Exptl. Calc. T°, K. Exptl. Calc. T°, K. Exptl. Calc. 
Chloropropane. Bromopropane. Iodopropane. Fluoropropane. 
278-24 4104 4111 2738-45 6414 6457 273-3 9340 9301 273 —- 2972 
287-65 38709 3733 298-44 4903 4900 283-98 8170 8166 293 — 2455 
300-38 3344 3311 318-64 4032 4055 293-81 7300 7278 
308-38 3038 3083 334-98 3495 3524 328-59 5160 5152 
347-38 4390 4395 
356-88 4060 4093 
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coupled with the conclusions of the previous paper (Joc. cit.), establishes beyond doubt the 
physical constants upon which the « and the 8 term of Andrade’s equation depend, and the 
use of (log M)/T as ordinate is to be preferred to that of 1/T in graphical investigations of 
experimental data. 

Few data are available to enable this equation to be tested for molten salts, but in 
Table IV the viscosities of the silver halides (Lorenz and Hoechberg, Z. anorg. Chem., 
1916, 94, 317) have been calculated from the equations given, and the constancy of the 
slope A is again apparent. Though the values of the intercepts fall in the order to be 
expected from the parachor values, yet they do not show the expected linearity when 
plotted against log P. On the other hand, there is some doubt about the parachor values 
of these fused salts, and erratic values have been reported; e¢.g., Jaeger’s data for silver 
nitrate lead to a parachor for silver of 64-7, whereas the value derived from the surface 
tensions of silver chloride is 46-1 (Sugden, ‘“‘ The Parachor and Valency,”’ 1930, p. 186). 
The data therefore do not suffice for a crucial test, although the slope relation, which does 
not involve the parachor, again holds well. 


















TABLE IV. 


= (log M) 10%. 10° (log M) 10*p. 
T°, K. — log». T ° Exptl. Calc. T°, K. — log». T “ Exptl. Calc. 

















Silver chloride : log yn = 415-3 (log M)/T — 2-8179. 
876 1-7959 2-461 160 160 942 1-8633 2-288 137 136 
905 1-8356 2-382 146 148 1007 1-9281 2-141 118 118 







Silver bromide : log 7 = 415-3 (log M)/T — 2-8040. 
882 1-7305 2-578 186 195 961 1-8268 2-367 149 151 
922 1-7799 2-467 166 166 1076 1-9245 2-113 119 119 


Silver iodide : log y = 415-3 (log M)/ T — 2-646. 






















878 1-5200 2-674 302 292 971 1-6253 2-418 237 228 
884 1-5452 2-656 285 286 1003 1-6737 2-341 212 212 
903 1-5607 2-600 275 272 1065 1-7328 2-205 185 186 





Theoretical Discussion—The problem of the factors influencing viscosity may be 
approached from dimensional considerations. Let us assume that the viscosity 9 is a 
function of the mass m, the volume V, and the average velocity w of the molecules, so that 
7 = km?V%Q", where k is a constant. Dimensionally, this becomes ML“77+ = kM?L™L’'T* 
whence = 1, y = 1, and g = — %. Therefore 

Om Germ . 6 6s si wis 6 & s 


For gases, # = constant x */x/c, where a is the density of the gas and zx is the pressure 
in dynes/sq. cm. If the diameter of the molecule is D, then D? = const. x V’*. Sub- 
stitution in equation (6) gives 7D* = const. x m\/x/o. If we now consider 1 c.c. of gas 
containing molecules of mass m, then s = nm, whence we have 


nD? = const. Xx (a/n)*/x/o = Const. x no/n 


which reduces to 7 =KeowL, since the mean free path L = 1-319 |W 2z D2n. This is identical 
with the equation derived by Chapman (Proc. Roy. Soc., 1916, A, 98, 1) from kinetic 
considerations. 

For liquids, although the dimensional equation (6) is very probably similarly applicable, 
the factors governing the magnitude of w and L are uncertain and probably very complex. 
At constant temperature, equation (6) in its logarithmic form log 7 = log m + log kwV~*” 
is very similar in type to equation (4). If ZL is a more complex function of V than that 
given by this simple equation, then a more probable extension would be log » = log m +- 
log CV*, where the exponent —% becomes modified for liquid media, and C is dependent on 
other factors, ¢.g., the internal cohesive pressure existing between the various liquid 
molecules. Mortimer (J. Amer. Chem. Soc., 1923, 45, 633) has shown that for related 
compounds the internal cohesive forces are sensibly constant, and for chemically similar 
series a constant effect due to these forces would be produced. 
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It is suggested that the similarity of equation type for liquids and gases is not accidental 
and that it is due to a continuity existing between the gaseous and the liquid state, for 
although the molecules of a liquid are subject to pressure-volume laws which differ markedly 
from the simple gas laws, yet in the arrangement and order of the factors concerned, any 
equation which purports to represent the variation of viscosity in the liquid state must 
possess basic dimensional resemblances with the analogous gas function. 


TATEM CHEMISTRY LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. [Received, June 6th, 1939.] 





286. A Kinetic Study of the Formation of Aryltrimethylammonium 
Iodides in Methyl-alcoholic Solution. 


By Davin P. Evans, H. B. Watson, and REGINALD WILLIAMs. 


Substituents in the ~- or m-position in dimethylaniline influence the speed of the 
reaction with methyl iodide in methyl-alcoholic solution by changing the energy of 
activation. A similar result has been reported by Laidler for the same reaction in 
nitrobenzene. The change of solvent from nitrobenzene to methyl alcohol leads to a 
change in both the energy of activation and the non-exponential term of the Arrhenius 
equation. Other comparisons are made with recorded data for related changes, 


NUMEROUS investigations of the reactions of alkyl halides with tertiary bases, NR, + 
AlkX —> [NR,Alk]}X, are on record; they include studies of the effects of variations in 
the medium, the hydrostatic pressure, the halogen X, the group Alk, and the base NR. 

Following Menschutkin, solvent effects have been examined by Hawkins (J., 1922, 
121, 1170), Essex and Gelormini (J. Amer. Chem. Soc., 1926, 48, 882), Grimm, Ruf, and 
Wolff (Z. physikal. Chem., 1931, 18, 301), and others. Hinshelwood and his collaborators 
(Pickles and Hinshelwood, J., 1936, 1353; Fairclough and Hinshelwood, J., 1937, 538, 
1573; 1938, 236), analysing their data on the basis of the equation k = PZe-®/®", find 
that E and PZ increase together for a series of solvents of about the same polarity, whereas 
an independent rise in PZ occurs when more highly polar media are employed (compare 
Hinshelwood, Trans. Faraday Soc., 1938, 34, 138). Our results for solutions in methyl 
alcohol, when compared with those of Laidler (J., 1938, 1786) for the same reactions in 
nitrobenzene, confirm the simultaneous variation of E and PZ. Gibson, Fawcett, and 
Perrin (Proc. Roy. Soc., 1935, A, 150, 223; compare Perrin, Trans. Faraday Soc., 1938, 
34, 144) have found that E and PZ also rise together when the hydrostatic pressure on 
the medium is increased. Variations in the alkyl halide have been studied by a number 
of workers (e.g., Menschutkin, Ber., 1895, 28, 1398; Clarke, J., 1910, 97,416; Preston and 
Jones, J., 1912, 101, 1930; Long, J., 1911, 99, 2164; Winkler and Hinshelwood, J., 1935, 
1147; Laidler and Hinshelwood, J., 1938, 858) ; we have employed methy] iodide through- 
out our experiments. 

Menschutkin, Long (locc. cit.), and Thomas (J., 1913, 108, 594) have also examined 
the effect of changes in the base, and variations in both E and PZ have been observed in 
passing from one base to another (Winkler and Hinshelwood; Laidler and Hinshelwood ; 
locc. cit.). The order of velocities for the reactions of a series of nuclear-substituted 
dimethylanilines is that normally associated with a reaction which is favoured by accession 
of electrons to the seat of reaction (Davies and Lewis, J., 1934, 1599) : this is also the order 
of basic strengths (Davies and Addis, J., 1937, 1622). 

The present kinetic study of the reactions of a number of substituted dimethylanilines 
with methyl iodide was undertaken with the object of determining the effects of sub- 
stituents upon the parameters of the Arrhenius equation. The results, summarised in 
Table I, indicate that groups in the - or m-positions influence the reaction velocity by 
changing the energy of activation, variations in the PZ term being unimportant. When 
our work was nearing completion, Laidler (loc. cit.) published his investigation of the 
reactions of certain nuclear-substituted dimethylanilines with methy] iodide in nitrobenzene; 
he, too, finds that the influence of the group is manifested in variations of E, PZ remaining 
practically constant. 
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TABLE I. 
Values of E and log PZ for the reaction of Mel with C,5H,X*N Meg. 
Be seececese H p-Me m-Me p-OMe p-OPh p-Ph p-F p-Cl 
E(cals.)... 15,200 14,500 14,900 14,300 15,100 15,400 15,500 16,200 
log PZ ... 6-9 6-8 6-8 6-9 6-9 7-0 7-0 7-0 


(Mean value of log PZ = 6-9.) 


Laidler has also studied the reaction of pyridine with methyl iodide, and a comparison of 
our results with his, and with Hawkins’s observations (/oc. cit.) upon the reaction of 
pyridine with allyl bromide in nitrobenzene and in ethyl alcohol, is instructive. The 
relevant figures are given in Table II. 








TABLE II. 
Values of E and log PZ for reactions of alkyl halides with tertiary bases. 
In nitrobenzene. In alcohol. 
C,H,N and  ,H,Nand  PhNMe, and C,H,N and PhNMe, and 
¢.H,Br.* CH,I.t CH,L.t C\H,Br.t CH,L§ 
py} eee 13,300 13,600 12,800 15,100 15,200 
See Oe slid 7-8 6-5 5-3 8-4 6-9 


* Hawkins. f Laidler. { Hawkins (ethyl alcohol). § Present paper (methyl alcohol). 


The following facts emerge from the comparison: (1) For a given solvent, the value - 


of E does not change very greatly when pyridine is replaced by dimethylaniline; this is 
not surprising in view of the similarity of the strengths of the two bases. Actually, the 
introduction of p-OMe or #-Cl into dimethylaniline leads to a greater change in E than 
does the change from dimethyianiline to pyridine. Also, the replacement of allyl bromide 
by methyl iodide has but little effect upon E. 

(2) The value of PZ falls appreciably in passing from pyridine to dimethylaniline 
and from allyl bromide to methyl iodide. 

(3) A change of solvent from nitrobenzene to methyl or ethyl alcohol leads to a simul- 
taneous increase in E and PZ. In the dimethylanilines for which data are available there 
is an increase in E averaging 2,400 calories, and at the same time PZ increases by a factor 
of 40. Other observations of a similar character have already been referred to. The rise 
in P may in this case be due in part to an increase of the ratio (average life of transition 
complex) /(average life of transition complex + time required for stabilisation of the ionic 
product) as suggested by Norrish (Trans. Faraday Soc., 1937, 38, 1521). 


EXPERIMENTAL. 


The solvent employed was absolute methyl alcohol, prepared as follows. Commercial 
methyl alcohol (1 1.) was treated with iodine (25 g.), and the solution poured into n-sodium 
hydroxide (500 c.c.). In order to precipitate the iodoform, it was sometimes necessary to 
add a further 100 c.c. of water. After standing overnight, the mixture was filtered, and heated 
under a reflux until the odour of iodoform was absent (2—3 hours) (compare Bates, Mullaly, 
and Hartley, J., 1923, 128, 401). The liquid was then distilled in an apparatus in which all 
corks were covered with tinfoil. By repeated fractionation through a modified evaporator 
column (Young, “ Distillation Principles and Processes,”” London, 1922, p. 134) the major 
portion of the alcohol was then separated, b. p. 65°. On treatment with magnesium powder 
(Bjerrum and Zechmeister, Ber., 1923, 56, 894), the metal readily reacted, and a final distillation 
yielded absolute methyl alcohol, b. p. 64-75°/770 mm., d 0-7866. 

Methyl iodide was washed successively with dilute sodium thiosulphate, water, dilute sodium 
carbonate, and water, dried over calcium chloride, and distilled, passing over as a clear, colour- 
less liquid, b. p. 42-8°, which was stored over mercury. 

Dimethyl-aniline and -m- and -p-toluidines were distilled, refluxed with acetic anhydride, 
and again fractionated. The distillates were dried over potassium hydroxide, and on re- 
distillation under reduced pressure yielded colourless liquids, b. p.’s 95°/30 mm., 108-5°/30 mm., 
and 80°/6 mm. respectively. The pure dimethylaniline gave no coloured compounds with 
methyl iodide (compare Edwards, Trans. Faraday Soc., 1937, 33, 1294). All the other dimethyl- 
anilines were prepared by methylation of the corresponding primary amines by van Duin’s 
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method (Rec. Trav. chim., 1932, 51, 878) modified in certain instances (see Evans and Williams, 
this vol., p. 1199). In each case primary and secondary amines were removed by heating with 
acetic anhydride, and fractionating or steam-distilling the mixture with or without addition 
of sodium hydroxide. The white solids had the following m. p.’s. : 


Dimethylaniline. M. p. Dimethylaniline. M. p. 
P-FUWOTO-  ..cccccccccccccccccesccecsscee BO°2Z° ( 35°) * p-Methoxy- ......... 47° ( 48°) * 
ea ene me . be p-Phenyl-............ 122 (123; f 119—120 $) 
PAMIRTO neccccccccecccvccccccececsosscens IGS: (160) ® p-Phenoxy- ......... 34 


* Davies and Cox (J., 1937, 615), Davies (Bull. Soc. chim., 1935, 2, 295). f Bell and Kenyon 
(J., 1926, 2705). { Bands and Tomas (Anal. Fis. Quim., 1921, 19, 293). 


Kinetic Measurements.—0-2m-Stock solutions of methyl] iodide and of tertiary amine (freshly 
distilled or crystallised) were made in methyl alcohol at 25°. For temperatures below 55°, 
10 c.c. of each solution were mixed in a stoppered flask immersed in a thermostat, and the 
reaction was followed by withdrawing 2 c.c. of solution at suitable intervals, pouring it into 25 
c.c. of light petroleum, and extracting three times with 10 c.c. portions of distilled water. During 
the extraction process the tip of the separating funnel was washed out with water each time 
before shaking. The aqueous extract was then rendered slightly acid by addition of five drops 
of dilute acetic acid, and titrated with n/100-silver nitrate, eosin or dimethyldi-iodofluorescein 
being used as indicator. A 10-c.c. N.P.L.-standgrdised burette, graduated in 0-02 c.c., was 
employed. For temperatures of 55° and above, the reactions were carried out in sealed tubes. 
2 C.c. of M/5-methyl iodide solution and 2 c.c. of M/5-amine solution were mixed in a test-tube, 
which was then sealed. A number (usually 8) of these tubes were inserted in the thermostat, 
zero time being the moment of immersion in the bath. At suitable intervals a tube was re- 
moved, washed, and the contents transferred to a funnel containing 25 c.c. of light petroleum. 
The solution was extracted, and the aqueous extract titrated as described above. The initial 
concentrations of the reagents were corrected for solvent expansion in the usualmanner, Owing 
to the sparing solubility of 4-dimethylaminodiphenyl and of p-nitrodimethylaniline in methyl 
alcohol, the initial concentrations of these substances used were 0-02m and 0-01m respectively. 

The thermostats were electrically controlled, For temperatures below 65° the control con- 
sisted of a toluene regulator in conjunction with a Sun Vic vacuum tube switch ; the temperatures 
were constant to +0-02°. The higher temperatures were obtained in a copper bath 
(12 x 12” x 12”) filled with heavy oil and maintained within 0-1° of any desired temperature 
up to 150° by lamp heaters one of which was controlled by means of a Sun Vic bimetallic 
thermoregulator Type T.3, in conjunction with a vacuum tube switch. 

The reactions were kinetically bimolecular, and in all cases the equation dx/d# = k(a — x)? 
was followed accurately over at least the first 50% of the change. The following table gives 
two typical runs. 

Dimethyl-p-anisidine at 55° (sealed tubes). Dimethyl-p-toluidine at 25° (stoppered flasks). 
a = 0-09627 g.-mol. /l. a = 0-1 g.-mol,/I. 
¢ (mins.). 105x. 10°. ¢(mins.). 105+. 10°%. #(mins.). 105%. 104k. ¢(mins.). 105¥, 104k. 


8 937 2-33 45 3621 2-32 555 3144 1-38 2805 7057 1-43 
12 1352 2-36 50 3893 2-35 870 4226 1-40 2858 7098 1:43 
16 1713 2-34 55 4099 2-33 1380 5405 1-42 3420 7442 1-42 
22 2214 2-35 60 4340 2-37 1420 5441 1-40 3651 7590 1-44 
30 2790 2-36 65 4470 2-31 1980 6292 1-43 4213 7854 1-45 
35 3049 2-29 70 4712 2-37 2220 6555 1-43 Mean 1-42 
40 3393 2-36 Mean 2-36 


The velocity coefficients (in 1. g.-mol,- sec.-') at the various temperatures are summarised 
below. 


X in C,H,X-‘NMe,. _—105h, 5. 104s. 104k, ;. 104hg5. 10°k,,- 10°k 5. 

DP nitibwkslicnnd | “i 1-312 in 4-151 1-19 “ns 
14-2 3-20 am 9-39 2 2-55 jews 
= 1-75 3-74 7-56 1-50 aa 
fone 1-06 2-32 4-96 9-63 aoe 
ons — 0-787 1-70 0-360 0-728 
2-53 5-72 11-4 23-4 (4-47) * = 
nt aap 49-6 3 92-94 (1-04) * 2-38 5 
— 1-71 3-51 7-66 1-50 =f 





1 Temp. = 50°; * temp. = 35-5°; * temp. = 89-3°; ‘4 temp. = 100-5°; 5 temp. = 78°, 
* = Calculated. 
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In experiments with p-nitrodimethylaniline, little or no change was found after 24 hours at 
100°. These results are similar to those of Laidler (Joc. cit.) where, owing to the unfavourable 
position of the equilibrium, m-nitrodimethylaniline did not react with methyl iodide. 


We thank Messrs. Imperial Chemical Industries Ltd. for grants. 
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287. Studies of the ortho-Effect. Part IV. Kinetics of the Formation 
of o-Substituted Phenyltrimethylammonium Iodides in Methyl-alcoholic 


Solution. 
By Davin P. Evans, H. B. Watson, and REGINALD WILLIAMS. 


The velocities of reaction of methyl iodide with seven o-substituted dimethylanilines 
have been measured, and the results analysed on the basis of the equation k = PZe—#/R7, 
Six of the seven groups studied cause an increase both in E and in PZ, but o-F 
leads to no change in PZ. The largest effects are observed with o-Me and o-Ph, and it 
is suggested that, in the transition complex, the group becomes “ linked” to the 
nitrogen of NMe, by a hydrogen bond. Effects of smaller magnitude are found in the 
o-OPh, o-OMe, o-NO, and o-Cl derivatives, and these are regarded as due to an inter- 
action between the unshared electrons of the nitrogen and the group in the o-position 
whereby, without the formation of an actual “ linkage,” the former are subjected to a 
constraint. The interactions here postulated would raise E by decreasing the electron- 
availability of the nitrogen, and would also increase PZ by conferring a charge on the 
reactive portion of the complex. The interaction is not possible in o-fluorodimethyl- 
aniline, since fluorine cannot expand its valence group; the lack of any “ ortho-effect ”’ 
in the o-fluoro-compound is, in fact, the key to the interpretation of the observations, 
as it was in previous work on the hydrolysis of benzoic esters. 


Tue lack of reactivity displayed by o-substituted tertiary bases is among the earliest 
recorded examples of “‘ steric hindrance,’”’ and has been the subject of numerous investig- 
ations. In 1872, Hofmann failed to prepare quaternary iodides by heating certain di-o- 
substituted dimethylanilines with methyl iodide at 150°, and Fischer and Windaus found 
later (Ber., 1900, 33, 345) that of the six isomeric xylidines only dimethyl-m-2-xylidine 
gave no quaternary iodide at 100°; the reaction was greatly retarded by a single o-methyl 
group, and inhibited by methyl and bromine in the two ortho-positions (ibid., p. 1967). 
The low velocity of reaction of dimethyl-o-toluidine with allyl bromide was observed by 
Thomas (J., 1913, 103, 594). Similarly, von Braun (Ber., 1916, 49, 1101) obtained only 
poor yields of quaternary salts by the interaction of methyl iodide with dimethyl-o-toluidine 
and with o-chloro- and o-bromo-dimethylanilines, although o-anisidine reacted vigorously 
and completely; he suggested (von Braun, Arkuzewski, and Kohler, Ber., 1918, 51, 282) 
that in the first three cases the residual affinity of the nitrogen is partly satisfied by the 
o-substituent. 

We have now carried out a kinetic study of the reactions of a number of o-substituted 
dimethylanilines with methyl iodide in methyl-alcoholic solution. The energies of activation 
and the values of log PZ of the equation k = PZe-*/®? are recorded below. The quantities 
E, — E, and P,/P, in the final columns represent respectively the differences in the 
energies of activation and the ratios of the non-exponential terms for the reactions of the 
isomeric o- and #-substituted compounds (the figures relating to the latter are from 
the preceding paper). 

Reaction of Mel with 0-X-C,H,’NMe,. 


X. E(cals.). log PZ. E,—Ey. Po/P». X. E(cals.). log PZ. E,—E,.. P,./Py. 
o-F 16,300 7-0 800 1 o-NO, 20,900 77 6 
o-OPh 16,200 7-4 1,100 3 o-Cl 19,900 8-5 3,700 40 
o-OMe 15,900 77 1,600 6 o-Me 21,100 9-3 6,600 250 

o-Ph 21,600 9-5 6,200 400 
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All the results recorded in this and the preceding paper are shown graphically in the 
figure, where E is plotted against log k,;-. The straight line drawn through the point 
for the unsubstituted compound has the theoretical slope —2-303RT, and reactions having 
a constant value for PZ give points falling on this line. The six points standing above the 
line indicate larger values of PZ. 





Reactions of 
dimethy/anilines 
with methyl iodide: 


Clo-Ph 


o-Me 
O) = this paper. 


© = preceding paper. 
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An inspection of the results for the seven o-substituted bases studied shows that they 
form a series with the o-fluoro- and the o-phenyl compounds as extreme members. The 
relative magnitudes of the effects are quite unconnected with the weights, volumes, or 
chemical characters of the groups; this is not unusual, of course, for substituents in the 
o-position. 

PLike groups standing in the m- or p-positions, 0-F causes no change in the value of the 
PZ term. The rather higher value of E for the o- than for the #-fluoro-derivative 
(E, — E, = 800 cals.) may be ascribed to the shorter distance from which the inductive 
effect operates; the relative strengths of the o- and p-substituted fluorobenzoic acids and 
fluoroanilines are capable of a similar interpretation (Jenkins, this vol., p. 640, 1137). It is 
clear, therefore, that o-F exhibits no features which are not also observed in ~-F, and in 
this respect the reaction now under consideration shows a complete analogy with the 
alkaline hydrolysis of ethyl benzoates (Evans, Gordon, and Watson, J., 1937, 1430). 

The E, — E, values for the phenoxyl and methoxyl groups are perceptibly higher than 

4T 
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for fluorine. The difference of 1,600 cals. between the energies of activation for the o- 
and #-methoxy-derivatives is certainly too large to be explained on the basis of the 
inductive effect of the group; this is evident, for example, from the fact that, whereas the 
ratio K,/K, of the dissociation constants of the o- and p-fluorobenzoic acids is 7-5, K,/K, 
is only 2-4 for the o- and #-methoxybenzoic acids (values of dissociation constants are due 
to Dippy and Lewis, J., 1937, 1426). A further significant observation is the appreciable 
increase in the value of PZ for the o-OPh and 0o-OMe compounds, methoxyl again having 
the larger effect. Comparison of the P,/P, ratio for the o- and p-methoxyl derivatives 
with the small variations observed among the compounds where PZ can justifiably be 
regarded as constant (preceding paper) indicates that these increases in PZ, though not 
large, are real. The kinetic data thus lead us to conclude that the reactions of o-phenoxy- 
and o-methoxy-dimethylanilines are influenced, though not very powerfully, by some 
factor which does not operate in the #-substituted bases or in o-fluorodimethylaniline. 
The o-nitro-compound is similar, showing an increase in PZ although E,—E, cannot here 
be computed since data for the p-nitro-derivative are not available. 

In the chlorodimethylanilines, we find a very much larger increase both in E and in PZ 
in passing from the p- to the o-derivative. The difference in the energies of activation has 
the relatively high value of 3,700 cals., as contrasted with only 800 cals. for the fluoro- 
anilines. The ratio of the dissociation constants of o- and p-chlorobenzoic acids (K,/K, = 
10-9), on the other hand, is not so markedly greater than that for the fluoro-acids 
(K,/K, = 7-5), and in the chloroanilines and chlorophenols the transfer of the substituent 
from the p- to the o-position has a smaller effect than in the corresponding fluorine com- 
pounds (K,/K, for phenols, Cl 7-7, F 16-4; K,/K, for anilines, Cl 21-3, F 40-7; K values 
are due to Bennett, Brooks, and Glasstone, J., 1935, 1821). In the reactions of the tertiary 
bases with methy] iodide, chlorine in the o-position leads also to a 40-fold increase in the 
PZ term, whereas, as pointed out above, fluorine has no such effect. 

The largest ‘‘ ortho-effects ’’ observed in this system are, however, those of methyl and 
phenyl; the energies of activation for the o-derivatives are here more than 6,000 cals. 
above those for the isomeric p-compounds, and PZ is increased by factors of 250 and 400 
respectively. There is a striking contrast between the effect of o-methyl observed here 
and in the relative strengths of the isomeric dimethyltoluidines. The latter differ but 
little, that of the o-substituted base being actually the larger (Davies and Addis, J., 1937, 
1622); there is therefore no “ ortho-effect,’”’ although the strengths of o-toluidine and 
methyl-o-toluidine (both lower than the values for the p-isomerides; Hall and Sprinkle, 
J. Amer. Chem. Soc., 1932, 54, 3469), and still more that of o-toluic acid (appreciably 
higher than f-toluic; Dippy and Lewis, loc. cit.), may indicate the operation, though less 
powerfully, of a factor of the same type as that observed in our study of quaternary salt 
formation. The marked difference observed in this system between the o-phenyl and 
o-phenoxy-derivatives also contrasts with the proximity of the values of the dissociation 
constants of the corresponding benzoic acids (Dippy and Lewis, Joc. cit.). 

The order of the energies of activation found for dimethyl-o-toluidine, o-chlorodimethy]- 
aniline and dimethyl-o-anisidine is in agreement with the relative yields of quaternary 
iodide obtained by von Braun (loc. cit.) from these compounds under standard conditions, 
viz., o-CH, 7-6, 0-Cl 15-6, o-OMe 100%. 

All the o-substituents which we have examined, with the sole exception of fluorine, 
have the effect of increasing both the energy of activation and the PZ term, and similar 
influences have been observed in the esterification of acids (Hinshelwood and Legard, J., 
1935, 587) and the acid-catalysed hydrolysis of esters (Timm and Hinshelwood, J., 1938, 
862). In alkaline hydrolysis, on the other hand, groups in the o-position (F again excepted) 
reduce the value of PZ (Evans, Gordon, and Watson, Joc. cit.). In order to interpret these 
influences upon the esterification and hydrolysis processes, interaction between the doubly- 
linked oxygen (acting as electron donor) and the group in the o-position has been postulated 
(Dippy, Evans, Gordon, Lewis, and Watson, J., 1937, 1421; compare Aun. Reports, 1938, 
35, 245); such interaction, which is regarded as occurring in the transition complex and not 
in the normal state of the acid or ester, is not possible in the case of fluorine which cannot 
expand its valence group. As far as we are aware, there is no other satisfactory explan- 
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ation of these phenomena, in spite of the fact that the relative strengths of the halogeno- 
and nitro-benzoic acids, phenols, and anilines are interpretable on the basis of inductive and 
mesomeric effects alone (Jenkins, loc. cit.; the “‘ interaction ’’ hypothesis is still necessary 
for the o-Me and o-OH derivatives). 

In the reactions of o-substituted dimethylanilines with methyl iodide, the o-fluoro- 
derivative stands apart from the others in that it exhibits no peculiar features. The 
remaining groups which we have studied provide the following order of increasing ortho- 
effects: OPh < OMe (NO,) < Cl < Me < Ph. Not only is this order quite unrelated 
to the volumes of the groups, but a geometrical effect of the Victor Meyer type would lead 
to a decrease and not an increase in PZ. The strengths of the corresponding benzoic acids 
or anilines do not, as a rule, indicate the operation of the same influences in equilibria as in 
reactions, 7.¢., the definite and often large effects which have been recorded above appear 
to be the manifestation of some factor which is peculiar to the highly-energised transition 
state. We suggest, therefore, that the interpretation already put forward for hydrolysis 
and esterification is applicable here also, viz., that simultaneously with the formation of the 
transition complex (7.e., while the system ascends the energy valley to the pass) there is an 
interaction between the unshared electrons of the nitrogen and the substituent. This is 
really the expression, in modern language, of von Braun’s suggestion (Joc. cit.) that the free 
affinity of the nitrogen is to some extent saturated by the group attached to the o-carbon 
atom. 

It is reasonable to suppose that such interaction may take place to an extent which 
varies from compound to compound, and it is possible to envisage a series of groups which, 
when suitably placed with respect to the electron-donating nitrogen atom, will give a 
steadily increasing ‘‘ degree of interaction.’’” The extreme members of this series would be 
fluorine, where interaction is zero, and carboxyl, which under normal conditions transfers 
a proton completely to nitrogen, forming an electrovalent bond. Intermediate between 
these would be groups capable of forming a hydrogen bond with the nitrogen, and we 
suggest that examples are found in the o-methyl and o-pheny! derivatives of dimethyl- 
aniline (when they enter into a transition complex). In order to make the hydrogen- 
bonding process possible, the atoms must be so placed that the proton can be attached to 
either, and it would appear that this condition is here fulfilled (the hydrogen bond 
“completes ’’ a five-membered “chelate ring’’ with one double bond; compare the 
analogous case of propiophenone, Evans, J., 1936, 785). The unperturbed forms for 
dimethyl-o-toluidine are as written in (I) and (II), and the participation of (II) in the 
resonance state causes the electrons of the nitrogen to be less available for reaction with the 
methyl group of methyl iodide, and hence raises E to a marked degree. It also confers 
a charge upon the reactive portion of the complex, the life of which is thus increased 
(compare Ann. Reports, 1938, 35, 247), with a resulting rise in the value of the PZ factor. 
The effect should perhaps be expressed as an increase in the ratio (average life of transition 
complex) /(average life of transition complex + time required for stabilisation of the ionic 
product) as suggested by Norrish (Trans. Faraday Soc., 1937, 38, 1521). 


ie 1e: 
8 ; 
(I.) win . Wf H, (II.) 


| 5 | 
V y, 

In the above examples, the proton may be regarded as shared between the carbon and 
nitrogen atoms, since it is linked to one or the other in the unperturbed structures; but it 
is not unlikely that there may sometimes be an interaction between the electrons of the 
nitrogen and the group in the o-position, by which the former are subjected to a constraint, 
without the formation of an actual ‘‘ bond.’”’ This may be supposed to occur if the atoms 
are not placed suitably for chelation, if the hydrogen with which the electrons interact is 
not sufficiently ‘‘ loose ’’ to permit the formation of an ionised structure, or perhaps if a 
hydrogen atom is not concerned. We suggest that something of this kind occurs in 
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o-phenoxy-, -methoxy-, -nitro-, and -chloro-dimethylanilines, where the observed effects are 
smaller than in the methyl and the phenyl compounds. The extent of such interaction, as 
indicated by the results of our kinetic studies, increases in the series OPh<OMe(NO,) <Cl, 
and all these groups have much smaller effects than those which we believe to form an 
actual hydrogen bond. It is not possible to determine whether an interpretation of this 
kind, rather than the postulate of an actual co-ordinate bond, should be applied to the 
alkaline hydrolysis of o-chloro- and o-nitro-benzoic esters; the positions of the atoms are 
here not unsuitable for ring completion, however. 

Von Braun (loc. cit.) finds that groups in the o-position make the #-position of di- 
methylaniline less reactive also, the effects being in the order CH, >Cl>OMe. For instance, 
the yields of substituted benzyl alcohols obtained by reaction with formaldehyde under 
stated conditions were o-Me 6, o-Cl 36, o-OMe 60%, and similar phenomena were observed 
in other reactions involving the p-position ; but if an additional methyl group was introduced 
in a position m to the dimethylamino-group, the reactivity of the p-position was increased 
(von Braun, Arkuzewski, and Kohler, Joc. cit.); ¢.g., although (IV) was less reactive 
than (III), (V), and (VI) were more reactive [especially (VI), where the nitrogen was more 
reactive with methyl iodide also}. 


NMe, NMe, NMe, 


Me M Me e 
M 
(III.) (IV.) (V.) (VI.) 


Clearly, the interaction of the unshared electron pair with the o-substituent will reduce 
the electromeric effect of the dimethylamino-group, thus rendering the #-position less 
reactive towards electrophilic reagents, and two methyl groups as in (IV) will be more 
effective than one; but if an additional methyl group be placed as in (V) or (VI), it will 
activate the position ortho to itself, and hence in (V) and (VI) the positions para to 
dimethylamino- will be more reactive than they are in (III) or (IV). In addition, the 


m-methyl group in (VI) (by its +J effect) will render the protons of the o-methyl group more 
strongly bound, and thus reduce the hydrogen-bond formation, rendering (VI) more 
reactive than (V). The absence of any indication of an “‘ ortho-effect ’’ in the strength of 
dimethyl-o-toluidine, whereas there appears to be such an effect in methyl-o-toluidine and 
in o-toluidine, is probably due to a similar cause (compare Ann. Reports, 1938, 35, 248). 


EXPERIMENTAL. 


o-Nitrodimethylaniline, obtained by Hodgson and Kershaw’s method (J., 1930, 280), was 
purified by treatment with acetic anhydride followed by fractionation. The remaining tertiary 
amines were prepared by methylation of the appropriate anilines with methyl sulphate (Evans 
and Williams, this vol., p. 1199). In each case, primary and secondary bases were removed by 
treatment with acetic anhydride, and the tertiary base was isolated and purified by suitable 
means. The boiling points of the pure amines were as follows: 


o-Me 87°/30 mm. o-Ph 145-5°/11 mm. o-Cl 85-5°/10 mm. 
o-OMe_ 113/28 mm. o-F 75 /20 mm. o-NO, 146 /20 mm. 
o-OPh, m. p. 34-5° 


The kinetic determinations were carried out as described in the preceding paper. The 
reactions between the o-substituted dimethylanilines and methyl iodide are bimolecular, but 
the plot of 1/(a—*) against time is not always linear: the o-F, o-OMe, and o-OPh compounds 
gave a straight line up to 40% or 50% of the change, but for o-chloro- and o-nitro-dimethyl- 
anilines the reversed reaction causes a falling off with time. Dimethyl-o-toluidine and 
2-dimethylaminodiphenyl are peculiar in exhibiting slight autocatalysis, and the plot of 1/(a—¥) 
against ¢ shows an upward trend. In each of these four cases, however, the tangent at zero 
time is easily and accurately drawn, and the plot of log & against 1/T gives a good straight line. 

o-Nitrodimethylaniline was studied at 110°, 125°, 135°, and 145°, and although the equil- 
ibrium point lay at about 16% change, the velocity coefficients at zero time could be reproduced 
with fair accuracy for the two highest temperatures. At the lower temperatures, however, 
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the curve obtained by plotting 1/(a—v*x) against ¢ did not permit of extrapolation. The results 
for this compound, depending on measurements at two temperatures only, are therefore subject 
to some error. There is no reason to suppose that the conclusions drawn regarding this com- 
pound are in any way affected thereby, however; the o-nitro-group certainly causes a very 
large increase in the energy of activation, and it would be necessary to decrease the observed 
value by 1000 cals. in order to eliminate the change in PZ, 

The velocity coefficients are summarised below, R being the o-substituent in o-R-C,H,-NMe,. 


R = Me. R = OMe. R = OPh. R=F. R = Cl. R = NO,. R = Ph. 
T. 104. T. 104k. T. 104k. T. 10k. Z. 10%. ZT. 104. T. 104, 
65° 0-417 35° 2-46 35° 0-714 45° 0-710 65° (0-434)* 65° (0-0135)* 65° 0-301 
90 3:39 4495 5-50 45 1-60 55 1-50 75 1-02 135 2-15 85-9 1-99 
100 7:99 55 12-3 55-33-57 65 3-09 85-25 2-33 145-1 4-01 101 6-74 
65 25-2 65-05 7-47 74-8 5-96 98-9 6-53 
* Calculated. 


We thank Messrs. Imperial Chemical Industries for financial assistance. 
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288. Medium Effects in the Prototropy of Ketones. Kinetics of the 
Bromination of Acetone and Acetophenone in Aqueous Acetic Acid. 


By Trevor G. BonnER, Davin P. Evans, and H. B. WATson. 


A kinetic study of the bromination of acetone and of acetophenone in different 
mixtures of water and acetic acid (ranging from pure water to 90% acetic acid) has 
shown that the changes in velocity are to be ascribed to simultaneous variations in the 
energy of activation and the PZ term of the equation k = PZe#/RT, A similar 
phenomenon has been observed in a number of other reactions by Hinshelwood and his 
co-workers. For the base-catalysed change the relationship between E and log PZ 
is approximately linear. In both base- and acid-catalysed prototropy the values of the 
parameters fall and finally rise again as the acetic acid content of the medium is 
increased. 


EARLIER measurements of the speeds of prototropy of acetone, acetophenone, and nuclear- 
substituted acetophenones in aqueous acetic acids (Watson e¢ al., J., 1931, 3318; 1932, 
1207; 1933, 217) indicated that the acid-catalysed change becomes more rapid as the 
proportion of acetic acid in the solvent increases; ¢.g., for acetone in presence of M-hydro- 
chloric acid, the relative velocities of bromination in water, 50% acetic acid, and 75% 
acetic acid were 1: 2-1:4-8. Since the catalytic influence of the acetic acid was almost 
negligible in comparison with that of the added mineral acid, the observed variations in 
speed were clearly due to a medium effect, and they appeared sufficiently interesting to 
merit further investigation. 

It has recently been observed (Fairclough and Hinshelwood, J., 1937, 538, 1573; 
1938, 236; compare Hinshelwood, Trans. Faraday Soc., 1938, 34, 138) that changes in the 
medium frequently lead to simultaneous variations in the energy of activation and the 
non-exponential term of the Arrhenius equation, and this gave added interest to a fuller 
kinetic study of prototropic changes in a continuously varying solvent. 

We have therefore determined the velocities of bromination of acetone and of 
acetophenone (0-1m) catalysed by 0-5m-hydrochloric acid and also by 0-147M-sodium 


Acetophenone. Acetone, 
CH,°CO,H, Base-catalysed. Acid-catalysed. CH,°CO,H, Base-catalysed. Acid-catalysed. 
o%, in E(cals.). tog PZ. E(cals.), log PZ. %,in E(cals.).log PZ. LE (cals.). log PZ. 
medium. medium, 
25 — 19,400 9 0 20,700 : 20,300 10-4 
50 20,300 . 19,200 9- 25 19,600 . 20,000 10:3 
75 18,400 . 20,100 10- 50 19,400 ; 19,700 10-2 
90 19,300 . 19,800 10. 75 18,500 , 20,100 10-8 
90 19,300 S —_ —_ 
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acetate, at different temperatures, in aqueous mixtures having an acetic acid content 
varying over a range from zero to 90%. In each case the plot of log k against 1/T gave a 
good straight line, and the values of E and log PZ in the equation k = PZe-“’®" are recorded 
on the previous page. 

The following generalisations can be made with regard to the base-catalysed changes. 
(1) The variations in the medium lead to appreciable changes in both E and PZ; the values 
of the former cover a range of 2000 cals., and those of the latter vary over more than a 
ten-fold range. (2) E and PZ rise or fall together, the plot of E against log PZ being 
roughly linear (see figure). (3) Increase in the acetic acid content of the medium from 
zero to 75%, results in a more or less steady fall of both E and PZ, but further increase 
causes both to rise again. 

For the acid-catalysed reactions the differences are on the whole small, and it is not 
possible to attach very great significance to them, but herealsothere appears to be a tendency 
for E and PZ to fall and then rise again. The increase in the values of both parameters 
when the medium changes from 50% to 75% acetic acid must certainly be regarded as real, 
particularly in the case of acetophenone. 


| [* 
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log PZ. 


We do not yet attempt any interpretation of the observations, but reference may be 
made to the following points. First, the results provide a further instance of the 
simultaneous variation of E and PZ which has been noted for other reactions by Hinshel- 
wood and his collaborators. Secondly, they differ somewhat from observations which 
have been made upon the hydrolysis of benzoic esters, where a consistent variation of the 
Arrhenius parameters is found as the proportion of alcohol in alcohol—acetone—water 
media increases (Fairclough and Hinshelwood, Joc. cit.), and where also changes in the 
medium have opposite effects upon alkaline and acid hydrolysis (Timm and Hinshelwood, 
J., 1938, 862). Hegan and Wolfenden’s results for the alkaline hydrolysis of valerolactone 
(this vol., p. 508) resemble ours, however, in that the value of E falls somewhat from water 
to 21% alcohol and then rises as the alcohol content of the medium increases further. 








9 10 ji 
log PZ.. 


EXPERIMENTAL. 


Acetophenone was purified by distillation in a vacuum and freezing; m. p. 19-6°. Acetone 
was treated by the sodium iodide method and distilled, b. p. 56-9°; identical results were 
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obtained with a specimen of ‘‘ AnalaR ” acetone, kindly provided by Dr. Dippy, which had 
been dried and distilled through a 4-ft. column filled with glass beads. Acetic acid, water, and 
bromine were as used in earlier work. Aqueous acetic acids were made up by volume. 

The measurements were carried out as described previously (Evans, Morgan, and Watson, 
J., 1935, 1167; Evans and Gordon, J., 1938, 1434), 10 c.c. N.P.L.-standardised burettes 
graduated in 0-02 c.c. being used. For temperatures of 25° and higher, the thermostats were 
electrically controlled by a toluene regulator in conjunction with a Sun Vic vacuum tube switch. 
Lower temperatures (0°, 5°, 15°) were obtained by means of a refrigerating system coupled with 
a number of heating lamps similarly controlled and all contained in a well-lagged copper bath 
filled with a mixture of water and glycol (compare Smith, J., 1936, 1827; we are indebted to 
Dr. Smith for the details). Temperatures were constant within 0-02°. 

The acid-catalysed reactions were of zero order, and a typical example is given below; this 
gives an indication of the degree of accuracy in the determinations of the energy of activation. 


Bromination of acetophenone in 50°%, acetic acid. 


{HClI] = 0-5m. [Ph-COMe] = 0-1m. Titres and values of & are in terms of c.c. of N/50-thiosulphate for 
20 c.c. of reaction mixture; time is in mins. 
Temp. Time. Titre. . k. E. 
10-50 
8-31 . 0-110 
6-11 , 0-110 
3-83 0-110 
9-81 — 19,300 
7°55 2-26 0-323 
5-27 4-54 0-324 0-323 
3-06 6-75 0-321 
9-48 -- 19,100 
2-5 7:30 2-18 0-872 
5 5-07 4-4] 0-882 0-876 
7-5 2-93 6-55 0-873 
Accepted value of E = 19,200 cals.; log,, PZ, from equation k = PZeE/RT , is 9-36. 


In the base-catalysed changes, however, the velocity coefficients increased as the reaction 
proceeded, by a factor which varied in different media and was always greater for acetone than 
for acetophenone. This increase was doubtless due to further bromination. The velocity 
coefficient at zero time was computed by extrapolation of the straight line obtained by plotting 
the values of k against time; ‘“‘ zero time ’’ was the moment of mixing the reagents. The 
following examples are typical; they refer to the bromination of acetone in 75% acetic acid 
in presence of 0-147M-sodium acetate. 


Temperature 35°. Temperature 55°. 
Time (mins.) 59 119 164 2 9 17 26 
Titre (N/50-Na,S,O,) ... 10-45 8-30 5-93 3-99 9-77 8-07 5-93 3-35 
Fall in titre ............ — 2-15 4-52 6-46 — 1-70 3-84 6-42 
BX 10D crrcccccereseeeeee (3°48) 3-64 3-80 3-95 (22-7) 24-2 25-6 26-8 


The velocity coefficients obtained by this method were reproducible within 1—1-5%, and are 
more accurate than those recorded by Morgan and Watson (J., 1935, 1173). 

The velocity coefficients for the acid- and base-catalysed reactions are summarised below, 
as fall of n/50-thiosulphate titre per minute for 20 c.c. of reaction mixture. Each is the mean 
of three concordant determinations. The values of E and log PZ, determined in the usual way, 
have been recorded in the text. 


Bromination of acetophenone. 


[Ph-COMe] = 0-IM. 
[HCl] = 0-5. [NaOAc] = 0-147M. 





CH,°CO,H, %, ‘ ce . 
in medium. 10* hose. 103°. 1072 45°. 10®2g°. 105°. 102kg5°. 
25 8-55 25-6 69-2 _— — 

50 11-0 32-4 88-0 1-54 4-30 11-9 

75 ° 24-4 75-4 218-0 1:74 4-43 11-2 

90 . 144-0 12-6* _— 1-57 4-23 11-1 





— 
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Bromination of acetone. 
[Me,CO] = 0-1m. 
[HCl] = 0-5m. [NaOAc] = 0-147m. 
CH,°CO,H, %, ¢ ae ~~ c ~ ‘ 
in medium. 10%gr. 10% gr, = 1O®eggr, = 108g», 10%%35°,  10%kyge. Lg. 








0 1-53* 5-54 18-4 62-0 1-07 3-09 8-45 
25 — 6-87 22-2 69-1 1-85 5-19 13-4 
50 1-37 9-21 29-9 _ 2-84 7-69 20-2 
75 2-72 196. 63-3 _ 3-50 9-20 22-6 
90 _— — _— — 3-38 9-00 23-7 


* Temperature = 5°. 


We thank Messrs. Imperial Chemical Industries for grants. 
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289. Some Reactions of «- and 8-Cholesteryl Benzoate Oxides. 
By F. S. Sprine and G. Swain. 


As a preliminary to a study of the dehydration of the oxides of cholesteryl esters, 
a- and 6-cholesteryl benzoate oxides (I, R = COPh) have been prepared and some of their 
reactions investigated. Treatment of a-cholesteryl benzoate oxide with hydrochloric 
acid gives 6-chloro-5-hydroxy-3-benzoyloxycholestane (II, R = COPh) which on dehydr- 
ation yields 6-chloro-3-benzoyloxy-A‘-cholestene (III, R = COPh). Similar treatment 
of the 8-benzoate oxide gives 5-chloro-6-hydroxy-3-benzoyloxycholestane (IV, R = COPh, 
, = H), On treatment of a-cholesteryl benzoate oxide with either dehydrated alum 
or phosphoric oxide it is in part isomerised to 6-ketocholestanyl benzoate (V, 
R = COPh). 


TREATMENT of cholesteryl benzoate with perbenzoic acid gives a mixture of «- and 
8-cholesteryl benzoate oxides, m. p.’s 168—-169° and 151—152° respectively, characterised by 
hydrolysis to the corresponding cholesterol oxides. The yields of these benzoates are 
approximately 50% and 40%, respectively, whereas by an analogous method cholesteryl 
acetate affords a 75% yield of its B-oxide (Ruzicka and Bosshard, Helv. Chim. Acta, 1937, 
20, 244). An «-cholesteryl benzoate oxide, m. p. 181°, has been obtained by Lettré and 
Miiller (Ber., 1937, 70, 1947) by the pyrolysis of the dibenzoate of 3 : 5; 6-trihydroxy- 
cholestane; since repeated crystallisations of our product, m. p. 168—169°, failed to alter 
its melting point, we attempted to repeat their preparation of the «-benzoate oxide, using 
their method. The dibenzoate of 3: 5: 6-trihydroxycholestane has not been described 
in the literature. Treatment of the triol with benzoyl chloride and pyridine gave a 
gelatinous product containing halogen which could not be removed, and treatment with 
benzoic anhydride in pyridine gave a mixture of «-cholesteryl benzoate oxide, m. p. 168— 
169°, identical with the specimen prepared by the perbenzoic acid method, and 5: 6- 
dihydroxy-3-benzoyloxycholestane, m. p. 222—223°, characterised by its hydrolysis to 
3: 5: 6-trihydroxycholestane. The monobenzoate of the 3:5: 6-triol is also obtained 
by the hydration of «-cholesteryl benzoate oxide with dilute sulphuric acid. 

With benzoyl chloride and pyridine, «-cholesterol oxide (I, R =H) (Westphalen, 
Ber., 1915, 48, 1064; Ruzicka and Bosshard, loc. cit.) gives a compound C,,H,,0,Cl, m. p. 
202—203°, which is also obtained by treatment of «-cholesteryl benzoate oxide with either 
hydrogen chloride or benzoyl chloride, Of the two possible constitutions, viz., (II, R = 
COPh) and (IV, R = COPh, R, = H), for this compound, the former (6-chloro-5-hydroxy- 
3-benzoyloxycholestane) is correct since the compound cannot be further acylated. On 
heating with quinoline, (II, R = COPh) yields «-cholesteryl benzoate oxide, m. p. 168— 
169°, and with thiony] chloride it gives 6-chloro-3-benzoyloxy-A*-cholestene (III, R = COPh). 

The oxide ring of 8-cholesteryl benzoate oxide is similarly opened on treatment with 
hydrogen chloride, but in this case the isomeric 5-chloro-6-hydroxy-3-benzoyloxycholestane 
(IV, R = COPh, R, = H) is obtained. It is characterised by further benzoylation to 
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5-chloro-3 ; 6-dibenzoyloxycholestane (IV, R = R, = COPh), identical with a specimen 
prepared from 5-chloro-3 : 6-dihydroxycholestane (Windaus, Z. physiol. Chem., 1921, 
117, 154; Lettré and Miiller, loc. cit.). The dibenzoate (IV, R = R, = COPh) is also 
obtained from §-cholesterol oxide or §-cholesteryl benzoate oxide by treatment with 
benzoyl chloride. Thus a remarkable difference in the behaviour of $-cholesteryl benzoate 
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oxide and 8-cholesteryl acetate oxide is to be noted, the latter on treatment with hydrogen 
chloride giving 6-chloro-5-hydroxy-3-acetoxycholestane (II, R = COMe) (Ruzicka and 
Bosshard, Joc. cit.). 

Fusion of «-cholesteryl benzoate oxide with dehydrated alum gives 6-ketocholestanyl 
benzoate, which is also obtained by treatment of the «-benzoate oxide with phosphoric 
oxide, 


EXPERIMENTAL. 


a- and B-Cholesteryl Benzoate Oxides.—Cholesteryl benzoate (60 g.) in dry chloroform (240 
c.c.) was treated with a solution of perbenzoic acid in chloroform (840 c.c.; 0-4n) at 0°, the 
mixture kept at this temperature for 12 hours and then at 20° for 4 days. The solution was 
washed with 5% sodium carbonate solution, and dried (sodium sulphate). Removal of the 
chloroform under reduced pressure yielded a crystalline residue, m. p. 147—149°, which was 
recrystallised thrice from ethyl acetate, «-cholesteryl benzoate oxide, m. p. 168—169°, separating 
in prismatic needles (28 g.; yield 46%), [«]#” — 31-3° (J = 1, ¢ = 1-12 in chloroform). Three 
further crystallisations from the same solvent did not alter the m. p. It is sparingly soluble in 
ether and in alcohol but readily soluble in chloroform (Found: C, 80-3; H, 10-0, C,H, O; 
requires C, 80-6; H, 995%). Hydrolysis of this oxide (0-5 g.) was effected by heating under 
reflux with alcoholic potassium hydroxide (15 c.c.; 5%) for 2 hours, The hot solution was 
treated with water until faintly turbid, and after cooling, the crystalline mass was collected and 
recrystallised from methyl alcohol, «-cholesterol oxide separating in needles, m. p. 142°, showing 
no depression on admixture with a specimen prepared by the method of Ruzicka and Bosshard 
(loc. cit.). 

Concentration of the combined ethyl acetate mother-liquors from the «-benzoate oxide 
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gave 8-cholesteryl benzoate oxide, which, after several recrystallisations from ethyl acetate— 
methyl alcohol (3 : 1), separated in fine needles, m. p. 151—152°, unaltered by further crystallis- 
ation (23 g.; yield 38%), [a]? + 3-8° (1 = 1, c = 2-3 in chloroform) (Found: C, 80-3; H, 
9-9%). ®-Cholesteryl benzoate oxide is not depressed in m. p. on admixture with cholesteryl 
benzoate (m. p. 150—151°). Hydrolysis of this B-oxide by the method described for the 
a-isomer gave B-cholesterol oxide as needles from methyl alcohol, m. p. 107—108°, not depressed 
on admixture with a specimen (m. p. 108°) prepared by hydrolysis of 8-cholesteryl acetate oxide 
(Ruzicka and Bosshard, /oc. cit.). 

Benzoylation of 3: 5 : 6-Trihydroxycholestane.—The triol (Pickard and Yates, J., 1908, 93, 
1678) (4 g.) in pyridine (20 c.c.) and benzoyl chloride (8 c.c.) were heated on the steam-bath for 
lhour. The mixture was poured into excess of aqueous sodium bicarbonate solution, and after 
standing for 30 minutes, the product was isolated by means of ether. Removal of the ether 
gave an oil which separated as a gel from a variety of hot solvents. On long standing in ethyl 
acetate—methy] alcohol, crystallisation slowly set in, giving a mass of felted needles, m. p. 120— 
150°; on attempted recrystallisation from the same solvent, gel formation recurred, there being 
no improvement in the m. p. of the final crystalline product, which contained an appreciable 
amount of chlorine. 

5 : 6-Dihydroxy-3-benzoyloxycholestane.—(a) The triol (4 g.) in dry pyridine (20 c.c.) and 
benzoic anhydride (8 g.) were heated on the steam-bath for 9 hours. The mixture was poured 
into aqueous sodium carbonate solution and set aside for 48 hours. The separated solid was 
fractionated from ethyl acetate-methyl alcohol; the least soluble fraction, after several 
crystallisations from ethyl acetate, formed prismatic needles, m. p. 168—169°, not depressed in 
admixture with a-cholesteryl benzoate oxide. The more soluble fraction was crystallised from 
ethyl acetate giving 5 : 6-dihydroxy-3-benzoyloxycholestane as plates, m. p. 222—223° (Found : 
C, 77-8; H, 10-25; C,,H,,0, requires C, 77-8; H, 10-0%), [a]? — 4-:9° (J = 1, c = 1-23 in 
chloroform). Hydrolysis of the monobenzoate (1 part) was effected by heating under reflux 
with methyl-alcoholic potassium hydroxide (3%; 50 parts) for 1 hour. The product separated 
from methyl alcohol as needles, m. p. 239°, showing no depression in admixture with 3: 5: 6- 
trihydroxycholestane. 

(b) a-Cholesteryl benzoate oxide (3 g.) in benzene (60 c.c.) was heated under reflux for 2 
hours with sulphuric acid (0-5 c.c.; 66%); the solution acquired a pink coloration. Water was 
added to the cold solution, the mixture extracted with ether, and the extract washed with 
sodium carbonate solution and dried (sodium sulphate). The resinous product obtained after 
removal of the ether was crystallised from ethyl acetate, 5 : 6-dihydroxy-3-benzoyloxycholestane 
separating in plates, m. p. 222—223°, showing no depression in admixture with the specimen 
described under (a). 

6-Chloro-5-hydroxy-3-benzoyloxycholestane (II; R = COPh).—(a) a-Cholesterol oxide (4 g.) 
was heated on the steam-bath for 1 hour with benzoyl chloride (12 c.c.) and pyridine (16 c.c.). 
The mixture was poured into excess of sodium carbonate solution (5%) and, after standing for 
30 minutes, extracted with ether. The product, isolated in the usual manner, was crystallised 
from ethyl acetate—methy] alcohol, from which the benzoate (3-5 g.) separated in plates, m. p. 
202—203° (decomp.), [«]??° —19-5° (J = 1, c = 2-3 in chloroform) (Found: C, 75-0; H, 9-3. 
Cs,H,,0,Cl requires C, 75-2; H, 9-5%). It is sparingly soluble in alcohol but easily soluble in 
chloroform and moderately soluble in ethyl acetate and pyridine. It does not give a coloration 
with antimony trichloride in chloroform. 

(b) a-Cholesteryl benzoate oxide (1 g.) in absolute methylated spirit (30 c.c.) and benzene 
(10 c.c.) was treated with hydrochloric acid (d 1-16; 2 c.c.), and the mixture heated under 
reflux for 30 minutes. The solid separating on cooling was crystallised from ethyl acetate— 
methyl alcohol, giving 6-chloro-5-hydroxy-3-benzoyloxycholestane as plates (0-6 g.), [aJ]>” 
—19-2° (i = 1; ¢ = 2-2 in chloroform), m. p. 202—203° (decomp.), showing no depression on 
admixture with the specimen prepared by method (a). The same product was obtained when 
«-cholesteryl benzoate oxide in chloroform was treated with dry hydrogen chloride. 

a-Cholesteryl Benzoate Oxide from 6-Chloro-5-hydroxy-3-benzoyloxycholestane.—The foregoing 
benzoate (1 g.) in quinoline was heated to 180° during 10 minutes and maintained at this temper- 
ature for a further 7 minutes (long heating gives rise to unworkable resin). The solution was 
rapidly cooled, treated with excess sulphuric acid (5%), and extracted with ether. The extract 
was washed with sodium carbonate solution, and dried. Removal of the solvent gave a solid 
residue which was crystallised from ethyl acetate, giving prismatic needles (0-5 g.), [a]??" — 29-05° 
( = 1, ¢ = 1-48 in chloroform), m. p. 168—169°, showing no depression on admixture with 
«-cholesteryl benzoate oxide. 
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6-Chloro-3-benzoyloxy-A‘-cholestene (III, R = COPh).—6-Chloro-5-hydroxy-3-benzoyloxy- 
cholestane (1 g.) in dry pyridine (5 c.c.) was treated at 0° with thionyl chloride (0-2 c.c.) with 
stirring. After 5 minutes the mixture was poured into ice-water. The oil which first separated 
gradually solidified; it was collected, washed with water and methyl alcohol, and crystallised 
from ethyl acetate—methyl alcohol, 6-chloro-3-benzoyloxy-A‘-cholestene separating in prismatic 
needles (0-6-g.), m. p. 127—128°, [a]? —79-4° (1 = 1, ¢ = 1-03 in chloroform) [Found: 
C, 77-7; H, 9-4; M(Rieche), 455. C,,H,O,Cl requires C, 77-7; H, 9.4%; M, 525]. It is 
moderately soluble in ethyl acetate, freely soluble in chloroform, but only sparingly soluble in 
alcohol. With the antimony trichloride reagent it gives an immediate intense blue coloration 
changing to violet on standing. 

5-Chloro-6-hydroxy-3-benzoyloxycholestane (IV, R=COPh,' R, = H).—f-Cholesteryl 
benzoate oxide (1 g.) in alcohol (35 c.c.) and benzene (5 c.c.) was treated with hydrochloric acid 
(2 c.c.; d 1-16) and heated under reflux for 30 minutes. The solution was diluted with water 
until turbid, and the solid separating on cooling was collected and crystallised five times from 
ethyl acetate, from which the benzoate separated in rectangular plates, m. p. 206—207° (decomp.), 
[a]?" + O° (Found: C, 75-1; H, 9-6. C,,H,;,0,Cl requires C, 75-2; H, 9-5%). The same 
product was obtained when @-cholesteryl benzoate oxide in chloroform was treated with dry 
hydrogen chloride. When mixed with its 6-chloro-5-hydroxy-analogue, its m. p. is depressed 
to 170°. 

5-Chloro-3 : 6-dibenzoyloxycholestane.—(a) The foregoing 3-monobenzoyloxy-compound (0:3 g.) 
was heated on the steam-bath for 1 hour with pyridine (2 c.c.) and benzoyl chloride (0-7 c.c.). 
The mixture was poured into sodium bicarbonate solution, and the product isolated by means 
of ether. After crystallisation from ethyl acetate-methyl alcohol and then from ethyl acetate, 
the dibenzoate separated in triangular prisms (0-2 g.), m. p. 184°, not depressed on admixture 
with a specimen, m. p. 184°, [«]?” — 68-6° (1 = 1, c = 1-2 in chloroform), prepared by the 
method of Lettré and Miiller (loc. cit.) who record m. p. 181°. 

(b) Treatment of 8-cholesterol oxide with benzoyl chloride and pyridine under the conditions 
described above gave the same dibenzoate, m. p. and mixed m. p. 184°, in hard triangular 
prisms from ethyl acetate (Found: C, 76-1; H, 8-7. Calc. for C,,H,;,0,Cl: C, 76-05; H, 
8-6%). The chloro-dibenzoate obtained by similar treatment of 8$-cholesteryl benzoate oxide 
separated in triangular prisms from ethyl acetate, m. p. 184°, [a]? — 68-0° (J = 1, c = 1-22 in 
chloroform). No depression in m. p. was observed in any case on mixing the various specimens 
of chloro-dibenzoate. That prepared by method (a) was further characterised by conversion 
into the enol-benzoate of 6-ketocholestanyl benzoate (Lettré and Miiller, loc. cit.; Petrow, 
Rosenheim, and Starling, J., 1938, 677) by heating with quinoline; it separated from ethyl 
acetate—methy] alcohol in needles, m. p. 180—181°, not depressed on admixture with a specimen, 
m. p. 179—180°, kindly supplied by Dr. O. Rosenheim. 

6-Ketocholestanyl Benzoate.—(a) a-Cholesteryl benzoate oxide (2 g.) in xylene (20 c.c.) 
was heated under reflux for 2 hours with phosphoric oxide (1 g.). The cold solution was 
decanted, diluted with ether, and washed with water. Removal of the solvent from the dried ~ 
(sodium sulphate) solution gave a resin which was digested with a little ethyl acetate. On 
standing, a crystalline mass separated which, after three recrystallisations from ethyl acetate, 
gave small prisms (yield, 8%), m. p. 170—171°, clearing at 179°, the melt showing a fine play 
of colour (Found: C, 80-3; H, 10-2. Calc. for C,,H,,O,: C, 80-6; H, 9-95%). The m. p. 
was depressed to 140° on admixture with a-cholesteryl benzoate oxide but was unchanged on 
admixture with a specimen of 6-ketocholestanyl benzoate (Windaus, Ber., 1903, 36, 3752; 
Petrow, Rosenheim, and Starling, Joc. cit.), which had m. p. 170—171°, clearing at 179° and 
[o]??" + 7-9° (J = 1, c = 2-0 in chloroform). 

(b) A finely ground mixture of the a-benzoate oxide (1 g.) and anhydrous alum (1-5 g.) was 
heated to 180°/0-1 mm. for 30 minutes. The cooled mass was extracted with ether, and the 
product obtained on removal of the solvent crystallised from ethyl acetate, from which the 
above benzoate separated in prisms, m. p. 170—171° (clearing at 179°, with colour play) 
undepressed on admixture with an authentic specimen; yield, 10%; [a]? + 59° (J=1,c= 
1-2 in chloroform). 


Our thanks are due to Imperial Chemical Industries, Ltd. (Dyestuffs Group), for the award 
of a scholarship which enabled one of us (G. S.) to participate in this investigation. 


THE UNIVERSITY, MANCHESTER. [Received, June 29th, 1939.] 
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290. The Kinetics of the Thermal Decomposition of the 
Methylamines. Part II. 


By Morris W. TRAVERS and Jonn A. HAWKES. 


The influence of nitric oxide on the rates of thermal decomposition of the three 
methylamines has been investigated, the results of the experiments confirming those 
obtained in the previous investigation and throwing some light on points of detail. 
The reactions between the amines and nitric oxide have also been studied qualitatively. 


In Part I (Carter, Bosanquet, Silcocks, Travers, and Wilshire, this vol., p. 495) it was 
shown that in the neighbourhood of 400° the tertiary and the secondary amine decomposed 
to yield methane at practically identical rates, and that in both cases it was probable that 
the decomposition process was initiated by the dissociation of the amine, with formation of 
free methyl radicals. Hydrogen and ethane were also formed in small quantities. The 
primary amine did not decompose at a comparable rate till a temperature 100° higher was 
reached; the primary product was then hydrogen, the formation of which might be 
initiated by the formation of the free radicals CH,-NH> and H+, methane being a secondary 
product. 

The present paper describes experiments with the three amines, in which the influence 
of nitric oxide on the rate of reaction has been studied, and, in general, our results are 
in agreement with those of Hinshelwood and his collaborators. We have considered also 
the action of nitric oxide upon the amine and upon the individual radicals resulting from it, 
and the consequent differential inhibition of the processes initiated by these radicals. 
(i) In the case of the tertiary amine, the formation of methane and methylmethyleneimine, 
the main products of reaction, and also of the small quantity of hydrogen, is initiated by the 
radicals CH,* and (CH,),N* respectively, a mechanism for the former process being indicated 
in the last paper; the ethane probably results from the reaction of methyl radicals with 
methylmethyleneimine. (ii) With dimethylamine the main reaction results in the formation 
of methane, methylmethyleneimine, and methylamine; a minor reaction leads to formation 
of hydrogen in small quantity, and both reactions are initiated by the formation of free 
radicals. (iii) In the case of methylamine it is now shown that the greater part of the hydro- 
gen is formed by a process initiated by the formation of radicals, CH,-NH- and Hr, but that 
the methane, and an equal quantity of hydrogen, are formed by a process which does not 
involve free radicals but, probably, the interaction of two molecules of methylamine. 


EXPERIMENTAL. 


Method.—The method of investigation was that recently described (Trans. Faraday Soc., 
1939, 35, 656). A measured quantity of the gaseous amine, with or without the addition of 
nitric oxide, was introduced into a heated silica bulb of 82 c.c. capacity, which, at the end of 
the reaction, was removed from the furnace, chilled under a spray, and its contents analysed. 
In all except the last series of experiments with methylamine, 25 c.c. of the amine, with 
successively increasing quantities of nitric oxide, were heated for a definite time to a definite 
temperature, and the inhibiting effect of the nitric oxide was observed. The gas which was 
pumped off when the reaction vessel was cooled to — 180° contained methane, hydrogen, and 
nitrogen, and in the case of the primary amine some nitric oxide. The behaviour of nitric oxide 
towards the amine is dealt with in a note at the end of the paper. 

Experiments with Trimethylamine.—These experiments were carried out at 420°, and the 
results are shown by the graphs in Fig. 1. The main reaction is represented by the equation 
(CH;);N = CH, + CH,*N:CH,, the methylmethyleneimine rapidly polymerising. Small quan- 
tities of hydrogen and of ethane are also formed. 

Reference to Fig. 1 shows that hydrogen formation is initially more inhibited relatively than 
that of methane. This may be due to the reversibility of the inhibition process R- + NO => 
R-NO, a suggestion which we owe to Dr. C. E. H. Bawn, the compound R-NO varying in 
stability with the radical R, so that the degree of inhibition of different reactions would vary 
according to the radical concerned. However, it seems clear that both the formation of 
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hydrogen and that of methane are initiated by free radicals; in the latter case the process may be 
represented (loc. cit., p. 499) by the equations 
N(CH;)3 = CH,: + N(CH,),° ; , ° . (1) 
CH,;° + N(CH;); = CH, + N(CH;),°CH,: , ‘ , (2) 
N(CH;).°CH,° = CH;° -- CH,*N:CH, ° . + . (3) 
There is no obvious mechanism for the formation of the hydrogen. In the former paper it was 


suggested that the formation of ethane was a secondary process, and it probably results from the 
reaction of the methyl radicals with the methylmethyleneimine. 


Fie. 1. 
Decomposition of trimethylamine (25 c.c. at 420° in 30 minutes). 
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The nitrogen content of the reaction mixture is small, and the quantity of nitrogen is irregular, 
Nitrogen is not a product of the reaction of trimethylamine with nitric oxide (p. 1364), and is 
probably present in the amine as an impurity. 


Fic. 2. 
Decomposition of dimethylamine (25 ¢.c. at 420° in 30 minutes). 
3 





and Ap. 
asi 





Jo7 

xCM% SS 
©Apx 10 BS 
BN2 : "? 


ro 0 
O1 —O: 0-4 05 


2 03 
Vol. of NO, c.c. 


The experiments of Hinshelwood and his co-workers have indicated that the inhibition of 
chemical processes of a similar character is never complete, suggesting that all such reactions 
are initiated partly by free radicals, and partly by other means. The persistence of the value of 
the ratio of the rates of formation of methane and of hydrogen, which is even more marked in the 
case of the secondary amine, raises a doubt as to the validity of this explanation. 

Experiments with Dimethylamine.—The main changes resulting when dimethylamine is 
heated to 420° are represented by the equation 2(CH,),NH = CH, ++ CH,-N:CH, + CH,°NH,, 
the methylamine being stable at this temperature. The results of the experiments, shown by the 
graphs in Fig. 2, confirm the conclusion from the earlier experiments that the rates of formation 
of methane from the tertiary and the secondary amine, for identical conditions at 420°, are 
practically identical. Hydrogen, to the extent of about 10% of the methane formed, is also a 
product of the decomposition, and some ethane and ammonia are also formed. 
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Reference to the graph for hydrogen in Fig. 2 shows that little inhibition of the formation of 
either methane or hydrogen occurs till after a considerable quantity of nitric oxide has been 
added to the amine. We have no positive explanation of this fact, but it may be due to the 
formation of an addition compound which changes irreversibly into decomposition products 
(see note, p. 1363), and results in the removal of the nitric oxide. For small additions of nitric 
oxide only a trace of nitrogen appears in the gas. The inhibition of the formation of methane 
and hydrogen sets in after the same addition of nitric oxide, and proceeds in practically the 
same proportion, as is shown by the fact that the same graph represents the formation of both 
gases with different scales for the ordinates. This indicates either that the methane and the 
hydrogen are formed by processes initiated by the same free radical, or that the effect of the 
nitric oxide is exactly the same in both cases. 

It is possible that the mechanism of the formation of the methane is similar to that suggested 
for the case of the tertiary amine, but that methyleneimine, CH,:NH, is formed instead of 
CH,‘N:CH,. A second process then operates, viz., CH,-NH + (CH;),NH > CH,-NH, + 
CH,"N:CH,. However, there is no proof that this happens. Also, we have no evidence as to 


Fic. 3. 
Decomposition of methylamine (25 c.c. at 530° in 1 hour). 
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the mechanism of the formation of hydrogen, except that the process appears to be initiated by 
the formation of a free radical. 

At 420° no hydrogen cyanide can be detected in the products of decomposition of dimethyl- 
amine. It is formed at higher temperatures, but the process is then too complicated to be 
followed. 

Experiments with Methylamine.—In the first series of experiments, comparable with those 
carried out with tri- and di-methylamines, 25 c.c. of the amine, with increasing quantities of 
nitric oxide, were heated to 530° for one hour. The results are shown by the graphs in Fig. 3. 
Our earlier experiments had shown that the rate of formation of hydrogen was diminished by 
packing a reaction tube, which did not influence the rate of formation of methane. The present 
experiments show that increasing amounts of nitric oxide decrease the formation of hydrogen 
till it is equal to the quantity of methane formed, but have no effect on the latter. 

The facts that addition of nitric oxide does not produce a rapid.drop in the quantity of hydro- 
gen formed, and that relatively large quantities of nitrogen are formed, indicate that the nitric 
oxide reacts with the amine. However, it seems that we have here two reactions, one resulting 
in the formation of hydrogen, which is completely suppressed by addition of nitric oxide, and 
one resulting in equal quantities of methane and hydrogen, which is quite unaffected. We will 
consider the former first. It must be supposed to be initiated by the dissociation process 
CH,*NH, = CH,-NH: + H-, rather than CH,-NH, = CH, + -NH,. Inthe latter case methane 
would be a primary product, its formation would be inhibited by nitric oxide, and nitrogen would 
probably be a product of the reaction. 

What actually happens is obscure. The overall process of which hydrogen is a product is 
probably represented by the equation CH,-NH, = HCN + 2H,. It was shown in Part I 
(loc. cit.) that there was some delay in the appearance of hydrogen cyanide, which suggests that 
the compound CH,:NH is formed as an intermediate, but we have been unable to detect it. If 
this is what happens, there is a similarity between the primary decomposition of methylamine 
and that of ethane, which still presents several obscurities. It may be noted that processes 
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initiated by dissociation involving the formation of protons seem to be dependent in a marked 
degree, not only on the dimensions of the apparatus, regulated by packing the reaction vessel, 
but also on the state of the surface. In Part I attention was called to the great difficulty of 
obtaining reproducible results with methylamine, and one of us has reported a similar difficulty 
in experiments with ethane. We make no attempt to represent the mechanism of the primary 
decomposition of methylamine by equations. 

We have carried out a few experiments on the thermal decomposition of a mixture of 25 c.c. 
of methylamine with 1 c.c. of nitric oxide, varying the time. The results are represented by 
the graphs in Fig. 4. It has already been noted that the nitric oxide tends to disappear from the 
system, so that the complete inhibition of the primary formation of hydrogen would only take 
place over a very short interval of time. It will be seen that for the 74-minute interval the 
quantities of methane and hydrogen formed are equal, but that for longer periods the hydrogen 
is in excess, probably because, owing to the disappearance of the nitric oxide, the free radical 
process is no longer completely suppressed. The results confirm the previous result that the 
process is self-accelerated, indicating that the methane and hydrogen must both result from an 

intermediate. 
It was shown in the previous paper that methane does not result from a reaction represented 
by CH,-NH, + H, = CH,+ NHs;, since the rate of the 
process is quite independent of the concentration of the Fic. 4. 
hydrogen. D ti : “a 

If the formation of dimethylamine is a step in the process, eee rtomien, — - pon 
the formation of methane and hydrogen might be repre- oxide, lc.c. <e 
sented stoicheiometrically by (CH;),NH = CH, + H, +HCN. 
Hydrogen cyanide is a product of the decomposition of x CM J 
dimethylamine at 530°, but even by itself at this temper- 
ature it yields much more methane than hydrogen; and, 0, 
if the process were supposed to be initiated by free methyl 
radicals, in the presence of large excess of methylamine, it is 
unlikely that it would operate in so simple a manner. : 

Attention has been called to the similarity between the ad 
primary decomposition of ethane and that of methylamine, 
both of which are inhibited by the presence of nitric oxide. 
We have recently shown (Trans. Faraday Soc., unpublished) 
that the secondary decomposition of ethane, resulting in the 
formation of methane and aromatic condensation products, 10 20 30 
appears to involve a bimolecular process, and is uninfluenced Time, mins. 
by nitric oxide. It may, therefore, have a mechanism 
similar to that which results in the formation of methane when methylamine is heated. It 
was with the view of ascertaining whether the study of the thermal decomposition of methyl- 
amine could throw any light on the mechanism of the thermal decomposition of ethane that this 
work was undertaken. However, beyond showing that there is a similarity between the two 
processes, it does not accomplish its object; but it does bring to light some interesting facts 
regarding the thermal decomposition of the methylamines. 

Note on the Reactions between Nitric Oxide and the Methylamines (added by M. W. TRAVERs, 
July 30th, 1939).—No reaction between the dry gases occurs at room temperature. If, however, 
a mixture of dimethylamine and nitric oxide is liquefied by pressure at room temperature, or by 
condensation at a low temperature in a glass tube, which is’sealed, and allowed to warm to room 
temperature, a white solid separates; e.g., after 10 c.c. of dimethylamine and 15 c.c. of nitzc 
oxide had been condensed at — 180° in a tube of 4 c.c. capacity, which was alternately warmed 
to room temperature and cooled to — 80° several times, 5 c.c. of practically pure nitric oxide 
could be pumped off at room temperature, the white solid of composition (CH;),.NH,NO remain- 
ing practically undecomposed. It decomposes very slowly in the sealed tube at room temper- 
ature, and more rapidly on heating. Presumably a set of dissociation pressures for the system 
(CH;),NH,NO == (CH,;),NH + NO could easily be determind. 

A mixture of trimethylamine with nitric oxide appears to liquefy easily, but under no 
conditions does any solid separate, and at — 80° a mixture of the two gases is given off. 

Methylamine cooled to — 180° with nitric oxide yields a very yellow solid, melting to a 
liquid which, at — 80°, is still yellow, and gives off nitric oxide, appearing to boil. In these 
respects the behaviour of the primary amine is different from that of the tertiary and the 
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secondary amine, and it is suggested that the nitric oxide only dissolves in the liquefied primary 
amine, but combines certainly with the secondary, and probably with the tertiary amine. 

The action of heat on mixtures of equal volumes of nitric oxide and the secondary and the 
tertiary amine was also studied, the gases being heated together for 30 mins. to 420°. In each 
case 25—30% of the gases had undergone change. From the secondary amine the products 
were nitrogen, water, and a condensation product, and from the tertiary amine nitrous oxide, 
water, and a condensation product, with no more than a trace of nitrogen and methane. In 
neither case was there evidence of the formation of a compound by the addition of nitrogen or 
the elements of nitric oxide to the amine. However, the presence of a small quantity of such 
a compound would be almost impossible to detect, and it is yet possible that something of the 
kind may account for the fact that there is a lag in the inhibiting action of the nitric oxide, 
particularly in the case of the secondary amine. 


One of us (J. A. H.) thanks the Society of Chemical Industry for assistance in carrying out 
this work. 


CHEMISTRY DEPARTMENT, UNIVERSITY OF BRISTOL. [Received, July 5th, 1939.] 





NOTES. 


Identification of 1:2:3:4:5:6:7: 8-Octahydrophenanthrene. By FEtIx BERGMANN and 
ERNST BERGMANN. 


Tue liquid hydrocarbon recently obtained in thermolysis and dehydrogenation experiments 
from cholesteryl chloride (this vol., p. 1019) and assumed to be 1:2:3:4:5:6:7:8- 
octahydrophenanthrene on the basis of its physical constants has now been identified by con- 
verting it and an authentic sample of the octahydrophenanthrene into the same crystalline 
derivative. 

9-Acetyl-1:2:3:4:5:6: 7: 8-octahydrophenanthrene.—To a solution of authentic octa- 
hydrophenanthrene (4-65 g.) and acetyl chloride (2-5 c.c.) in nitrobenzene (25 c.c.), aluminium 
chloride (7-5 g.) was added at 0°; the red mass was kept at 5° for 24 hours, decomposed with ice 
and concentrated hydrochloric acid, and treated with steam. The material extracted from the 
residue with chloroform was distilled in a vacuum (0-15 mm.); the product distilling between 
147° and 150° crystallised spontaneously. The ketone separated from methyl alcohol at —'70° 
in plates, m. p. 52—53°; yield, 2 g. (Found : C, 84-8; H, 8-8. C,,H,,O requires C, 84-2; H, 88%). 

Semicarbazone. The ketone (1 g.), semicarbazide hydrochloride (1-1 g.), and sodium acetate 
trihydrate (1-4 g.) were boiled for 3 hours in aqueous methyl alcohol. The semicarbazone, 
obtained by addition of water, was crystallised successively from methyl alcohol, butanol, and 
xylene-ligroin; m. p. 201—203° (Found: C, 71-7; H, 7-7; N, 15-2. C,,H,,ON, requires 
C, 71-6; H, 8-0; N, 147%). 

The degradation product (1-5 g.) from cholesteryl chloride was treated in the same way. 
The crude acetyl derivative was converted into the semicarbazone, which after the described 
purification was identified with the above product by the method of mixed m. p. 


We are indebted to Prof. E. Mosettig (Virginia University) for a gift of 1: 2:3: 4:5:6:7:8- 
octahydrophenanthrene.—TuHE DANIEL SIEFF RESEARCH INSTITUTE, REHOVOTH, PALESTINE. 
[Received, June 19th, 1939.] 





Studies of the ortho-Effect. Part V. The Alkaline Hydrolysis of Ethyl Anthranilate. By 
J. J. Gorpon and H. B. Watson. 


KiIneETIC studies of the alkaline hydrolysis of substituted ethyl benzoates (Ingold and Nathan, 
J., 1936, 222; Evans, Gordon, and Watson, J., 1937, 1430) have shown that groups in the 
m- or p-position influence the energy of activation to a marked degree but leave the P factor of 
the equation k = PZe—*/RT almost unchanged. On the other hand CH,, Cl, and NO, in the 
o-position cause an appreciable decrease in the value of P, and it has been suggested (J., 1937, 
1421) that interaction occurs, in the transition complex, between the o-substituent and the 
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doubly linked oxygen of the ester grouping. This view is made probable by the fact that 
o-fluorine (which cannot so interact) causes no decrease in P. 

The postulate of a similar interaction in the anion of an o-substituted benzoic acid appears 
to be unnecessary, in several cases at least, since Jenkins (this vol., p. 640) finds that the 
relatively high dissociation constants of the o-halogeno- and o-nitro-acids find a complete 
interpretation on the basis of inductive effects alone. o-Methoxyl probably comes into the 
same category, but the newer view is not applicable to salicylic and o-toluic acids. The low 
P values found in the hydrolysis experiments, also, are still explained most easily by the 
hypothesis of group interaction, which is also applicable to related observations of esterification 
and acid hydrolysis (see Ann. Reports, 1938, 35, 246). 

We have now made a kinetic study of the alkaline hydrolysis of both ethyl m-aminobenzoate 
(b. p. 144°/5 mm.) and ethyl anthranilate (prepared by the Fischer-Speier method, b. p. 105°/5 
mm.). The medium was 85% alcohol, and the method of experiment idéntical with that 
described by Evans, Gordon, and Watson (loc. cit.). Our results are recorded below, together 
with those for ethyl benzoate for purposes of comparison. 


R in C,H,R-CO,Et. 10% hse. 10°55. 10°h,;°. E(cals.). 102P. 
m-NH, 3-21 0-830 0-398 18,100 2-15 
o-NH, 0-647 0-146 0-0476 20,000 8-32 

H 6-28 1-68 0-621 17,700 2-17 


The value of E for the m-amino-compound is slightly above that for ethyl benzoate (compare 
Tommila and Hinshelwood, who used aqueous acetone as medium, J., 1938, 1801); it appears 
that the mesomeric effect of the group is to some extent relayed inductively to the m-position. 
P is not affected, however. For ethyl anthranilate the value of E is identical with that found 
by Ingold and Nathan (loc. cit.) for its p-isomeride, but the P factor is somewhat high (about 100 
times greater than the value for ethyl o-nitrobenzoate). 

Interaction between the amino-group and the doubly linked oxygen of carbethoxyl (in the 
transition complex) can hardly be doubted, since Chaplin and Hunter (J., 1938, 375) find that 
ethyl o-acetamidobenzoate is chelated under normal conditions. Ethyl anthranilate is the 
first ester to be studied in which the group in the o-position has a powerful electromeric effect, 
and it may be supposed that the chelation process sets up a demand upon the electrons of the 
nitrogen which causes this effect so to operate that the loss of negative charge by the reactive 
part of the complex is more than counteracted.—_THE TECHNICAL COLLEGE, CaRDIFF. ([Received, 
June 15th, 1939.) 





Amphiporine, an Active Base from the Marine Worm Amphiporus Lactifloreus. By 
HAROLD KING. 


Bacg (Arch. Internat. Physiol., 1937, 44, 190), whilst examining marine animals at the Marine 
Biological Station at Plymouth for the presence of acetylcholine, found that the marine 
Nemertean worm, A mphiporus lactifloreus, contained a stable substance having a very powerful 
stimulating action on frog’s voluntary muscle without the other characteristic properties of 
acetylcholine; other pharmacological properties were indistinguishable from those of nicotine. 
Micro-chemical tests carried out by the author on a portion of an alcoholic extract of 25 
worms (each weighing less than 0-1 g.) showed that the active substance was a base which 
could be completely removed by extracting an alkaline solution with chloroform. Spot-tests 
with various reagents showed a close parallelism in properties with a dilute solution of 
nicotine. 


Through the kind co-operation of the Director of the above laboratory, 1000 of these uncommon 
carnivorous worms were collected at low tide between October, 1936, and February, 1938, and 
kept in 90% alcohol. The solvent was decanted and the worms re-extracted with spirit after 
being ground with sand. The combined extracts were evaporated to a small volume under 
reduced pressure, acidified, and extracted with chloroform to remove fats and an orange pig- 
ment. The acid solution was made alkaline by adding sodium bicarbonate, and extracted with 
4 portions of chloroform. The combined extracts were distilled, the residue being dissolved in 
1 c.c. of N-hydrochloric acid (solution A). The bicarbonate mother-liquor was then made 
strongly alkaline with 50% sodium hydroxide (20 c.c.) and again extracted with chloroform, 
the residual base obtained on evaporating the solvent being dissolved in 2 c.c. of N-hydrochloric 
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acid (solution B). On the frog’s rectus abdominis, A was highly active when diluted 1 : 1000, 
whereas B was inactive at this dilution, but slightly active at 1: 10 dilution. Solution A was 
evaporated to dryness, the residual pale brown varnish weighing 44mg. A 2% solution of this 
hydrochloride was compared, by spot-tests, with various standard precipitants, with a 2% 
solution of nicotine hydrochloride. The results of the tests preclude identity, for whereas the 
nicotine solution gave crystalline precipitates with solutions of picric acid, mercuric chloride, 
platinum chloride, flavianic acid, and ammonium reineckate, amphiporine hydrochloride 
solution gave an oily picrate,* a finely divided gummy mercury precipitate, a very fine micro- 
crystalline chloroplatinate, an oily flavianate, and a partly crystalline reineckate. Accordingly, 
a larger proportion of amphiporine hydrochloride was precipitated with platinum chloride. 
Two crops, 6-5 and 5-6 mg., were obtained of granular, doubtfully crystalline material, both of 
which were unmelted at 310°. They were completely insoluble in boiling water or dilute acid, 
and all attempts to regenerate activity from them by metallic silver (Dudley, Biochem. J., 
1929, 23, 1064) or by hydrogen sulphide were fruitless. This was apparently not due to 
destruction of the amphiporine, but to the unusual stability. of the platinum complex. The 
mother-liquor from the chloroplatinates was also devoid of activity. 

Although no sparingly soluble crystalline salt was discovered, suitable for characterising and 
purifying amphiporine for analysis, the parent aqueous hydrochloric acid solution on slow 
concentration to dryness, crystallised as a homogeneous mass of needles. The quantity was, 
however, insufficient for further purification. 


I am indebted to Dr. Bacq, of Liége, for an opportunity of examining this interesting base, 
and to Dr. F. C. MacIntosh for comparing the activity of nicotine and amphiporine on the 
rectus abdominis of Rana esculenta. A 1 in 500,000 dilution of amphiporine exactly matched a 
1 in 400,000 dilution of nicotine in this comparison.—NAaTIONAL INSTITUTE FOR MEDICAL 
RESEARCH, HAMPSTEAD, N.W. 3. [Received, June 23rd, 1939.] 





291. The Dissociation Constants of Some Nitrophenols in Deuterium 
Oxide. 


By D. C. Martin and J. A. V. BUTLER. 


A spectrophotometric method has been used to determine the relative dissociation 
constants of some nitrophenols in H,O and D,O. It is found that the ratio K,/Kg 
increases as K, decreases and the values found lie close to the curve given by Rule and 
LaMer (J. Amer. Chem. Soc., 1938, 60, 1974). The ratio appears to be appreciably 
higher in compounds having nitro-groups only in the m-position. 


Ir has been found (Lewis and Schutz, J. Amer. Chem. Soc., 1934, 56, 1913) that acids in 
general are considerably weaker in heavy than in ordinary water. Halpern (J. Chem. 
Physics, 1935, 3, 459) ascribed the difference to the difference of zero-point energy of the 
proton and deuteron in the acid, as compared with H,O* and D,O*, and suggested that 
this is determined by the strength of the binding so that the ratio K,/Kg, where K, and Kg 
are the dissociation constants in H,O and D,O, should be greater the weaker the acid. 
Hornel and Butler (J., 1936, 1361) considered that the force constant was more important 
than the binding energy in determining the zero-point energy difference. 

At the time this work was begun, the actual variation of the ratio with the strength of 
the acid was quite.uncertain. Schwarzenbach (Z. Elektrochem., 1938, 44, 46) pointed out 
that an important factor was the less basic character of heavy than of light water, as a 
result of which, if the binding of a deuteron in the acid were the same as that of a proton, 
the acid would be weaker in the former than in the latter by a factor of about 2. 

The values quoted by Schwarzenbach show very little evidence of any definite trend 
of K,/K, with the strength of the acid. LaMer and his collaborators (Korman and LaMer, 


* The statement that amphiporine gives a picrate crystallising in needles (Bacq, Joc. cit.) is incorrect, 
and was made on the basis of the present writer’s observations. The material available at that time 
was extremely minute, and the observed needles were no doubt sodium picrate. 
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J. Amer. Chem. Soc., 1936, 58, 1396; Rule and LaMer, tbid., 1938, 60, 1974) have, however, 
since made a number of accurate measurements, which indicate a steady increase of the 
ratio K,/K, as the strength of the acid decreases. 

In this work we have examined a number of nitrophenols, which are very suitable for 
this purpose because (1) a considerable range of acidity can be obtained according to the 
number and position of the substituent nitro-groups; (2) their colour permits the use of a 
spectrophotometric method. Re 

The method is a comparison of the extent of the dissociation of the nitrophenol in 
buffer solutions of known composition in light and in heavy water. It is necessary that 
the relative dissociation constants of the buffer acid in the two solvents should be known. 
The only buffers suitable for this purpose were those prepared from phosphoric (second 
stage) and acetic acids. Originally the ratios for those derived from dihydrogen phosphate 
and acetic acid (Schwarzenbach, Epprecht, and Erlenmeyer, Helv. Chim. Acta, 1936, 19, 
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1292) were employed, but the results have been recalculated using Rule and LaMer’s more 
recent data (loc. cit.). 

The results are given in the following table together with some previous determinations, 
and the figure shows K;,/K, plotted against log K,. It can be seen that the points agree 
quite well with LaMer and Rule’s curve, except that for 3 : 5-dinitrophenol. 





No. in No. in 
fig. Acid. —log Ky. Ki/Ka. fig. Acid. —log Ky. Kr/Kz. 

1 H,O+ —1-74 (1) 8  Bromothymol-blue 6°15 
2 Chloroacetic acid 2-76 2-74* 9 3: 5-Dinitrophenol 6-70 
3 2 : 6-Dinitrophenol 3-58 2-8, 10 H,PO,- 7-19 
4 2:4- “ 4-02 3-2, ll -Nitrophenol 7-24 
5 Benzoic acid 4-21 3-13 12 0- Pe 7-25 
6 Acetic __,, 4-74 3-33 13. Quinol 10-58 
7 2 : 5-Dinitrophenol 5-17 3°3, 


* Lewis and Schutz, Joc. cit. Korman and LaMer, loc. cit. $ Rule and LaMer, loc. cit. 


The dissociation constant of m-nitrophenol is unfavourably placed with reference to 
these buffer solutions and an accurate ratio could not be obtained, but the values noted 
were also distinctly high, and it appears possible that in the acids containing nitro-groups 
only in the m-position the ratio is distinctly higher than corresponds to the same K, in 
the other compounds. 
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Measurements were also made with a typical colorimetric indicator, viz., bromothymol- 
blue. The behaviour of this fitted in with that of the other substances and its dissociation 
in a given buffer in deuterium oxide differs little from its dissociation in a buffer of the 


same composition in ordinary water. 


EXPERIMENTAL. 


The method was the spectrophotometric determination of the dissociation of the nitro- 
phenol in similar buffers in H,O and 99% D,O. If Ky, is the thermodynamic dissociation 
constant of the substance investigated and Ky, that of the acid used for the buffer solutions, 


we have 
Kya/Kup —_ (CypCa-/CuaCs-)( fas fa-/faafs-) 


where the C terms are concentrations and the f terms are the activity coefficients. If the acids 
HB and HA are of the same ionic type, then the ratio fqp f,-/faa fg- does not differ greatly from 
unity in dilute solutions. Since we are only concerned with a comparison of equally concentrated 
solutions in H,O and D,O, we shall assume that the ratio & fg,9/Z/fp,9 does not differ appre- 
ciably from unity, not only in acetate buffers, but also in the case of the phosphate buffers 
which we were obliged to use. 

If (Cup/Cy-) x40 ee (Cys/C3-)p,.0 


we have 
K HA,H20 / K DA,D,0 = (K HB,H20 / K DB,D;0) (C,- / Cua) #,0(Cpa / C,-) D20 


Kuan an log Kup.no + log (C4~/Cua) 20 


or lo ~ 
. DA,D20 DB,D20 (Ca-/Cpa)p.0 


The measurements were made in the following way. (a) The buffer solutions were prepared 
and very small quantities of the nitrophenol added. The absorption spectra of the nitrophenols 
begin at about 4700 A, and it was found convenient to measure the absorption at 4500 A. The 
absorption coefficient was measured by using a Hilger-Nutting wave-length spectrophotometer 
for the visible region. This measurement (d’) is proportional to the concentration of anion A~ 
present in the solution at the , determined by the composition of the buffer. (b) A very small 
quantity of concentrated sodium hydroxide (0-01 ml. of 8n-NaOH), sufficient to convert the 
nitrophenol completely into its alkaline form, was then added, and a second measurement (d’’) 
made. It was found that further additions of alkali caused no change in the absorption 
coefficient, and therefore d” is a measure of the concentration of the anion A~ at complete 
dissociation. 

The measurements were carried out at room temperature (18° + 2°). Every reading is the 
average of 10 settings, and the zero of the instrument was checked before each set of readings. 

Materials.—The nitrophenols were obtained from British Drug Houses, Ltd., and purified 
by several recrystallisations, except 3 : 5-dinitrophenol; after much difficulty, this was prepared 
as follows. Trinitrobenzene (‘‘ Organic Syntheses,” Vol. II, 93) was converted into 3: 5- 
dinitroanisole by keeping 10 g. of it in a flask for 2 days with 1-5 g. of sodium in 100 ml. of 
methyl alcohol. The needle-shaped crystals which separated (yield 90%), m. p. 105° (Holleman 
and Wilhemy, Rec. Trav. chim., 1902, 21, 432) were hydrolysed by heating with 4—5 mols. of 
concentrated sulphuric acid in an open vessel at 130° for 6 hours. Water was added, and the 
resulting solution extracted with ether. A yellowish impure substance obtained on evaporating 
the ether was crystallised from dilute hydrochloric acid (m. p. 56—57°). This, which appeared 
to be a hydrate, was dried over phosphoric oxide in a vacuum desiccator and then melted sharply 


at 124°. 
The following buffer constants were assumed (Rule and LaMer, loc. cit.) : 


nn. — Bie 
UPIERIIIK: ” sinceatesenestacanimean'” 0-559 


where K,/Ka = Kyan.0/Kpap,0 J ; : : 
The measurements are given in the following tables. Similar measurements were also made 


with the indicator bromothymol-blue. The dissociation constant of m-nitrophenol is un- 
favourably placed for these buffers and only an approximate value could be obtained. In these 
tables a revision has been made to correspond to Rule and LaMer’s values, and these are given 
in the last column which has also been corrected to correspond to 100% D,O. 
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Acetate buffers. 
K,|Ka- 
log HAC] ; ms 
Substance. Solvent. 8 [NaAc]" d’|(a’”’ — a’). Found. _ Corr. to 100% D,O. 
2 : 6-Dinitrophenol D,O 1-000 1-928 } 2-8, 2-8, 
H,O 1-000 1-625 
2:4- P. D,O 1-1746 0-754 \ 32, 3-2, 
H,O 1-1746 0-729 ff 
2: 5- » D,O 0-6218 1-447 3-25 3-3, 
H,O 0-6218 1-418 \ 
Phosphate buffers. 
tog (NasHPO), a’ , rt 
Substance. Solvent. 8 [KH,PO,} a’ —@ Found. Corr. to 100% D,O. 
o-Nitrophenol D,O 0-000 0-578 \ 3-6 3:7 
H,O 0-000 0-586 ° 1 
p-Nitrophenol D,O 0-000 0-738 ’ . 
H,O 0-000 0-744 } 3-6, 3-6, 
m-Nitrophenol D,O 0-687 0-191 \ 3-9 4-0 
H,O 0-687 0-209 8 0 
D,O 0-710 0-175 
H,O 0-710 0-184 } 3°8, 3-8, 
D,O 0-798 0-177 
H,O 0-798 ois 6} le 41, 
D,O 0-847 0-222 
H,O 0-847 0267 } , 3s 4-3, 
D,O 1-064 0-220 = 
H,O 1-064 0-309 f 5% 51, 
3 : 5-Dinitrophenol D,O 1-9620 1-636 \ 4-1 41 
H,O 1-9620 1-871 4 6 
D,O 0-0071 1-523 
H,O 0-0071 isos Cf 8% 36, 
D,O 0-0216 1-625 \ “1 an 
H,O 0-0216 1-882 “ 1 
D,O 0-1572 2-000 
H,O 0-1572 o333 Of Rs 4°25 
D,O 0-2693 2-339 \ aa «1 
H,O 0-2693 2-637 ° 1 
Bromothymol-blue D,O 0-000 0-728 } 3-3 3:4 
H,O 0-000 0-681 ’ o 


We thank the D.S.I.R. for a maintenance grant (to D. C. M.), and Imperial Chemical 
Industries for a grant. 
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292. The Constitution of the Purine Nucleosides. Part VIII. 


Uric Acid Riboside. 


By RoDERICK FALCONER and J. MASSON GULLAND. 


Uric acid riboside, obtained from beef blood by Newton and Benedict, has now 


been isolated from liver. 


Comparisons of the ultra-violet absorption spectra of the 


ribos:de with those of the four monomethyluric acids show that the ribose radical is 
situated at position 9 of uric acid. 


THE red corpuscles of beef blood contain uric acid-d-riboside (Newton and Benedict, /. 
Biol. Chem., 1922, 54, 595; Newton and Davis, ibid., p. 601), which occurs also in smaller 
amounts in the red corpuscles of human, horse, sheep, pig, dog, and chicken bloods (Newton 


and Davis, ibid., p. 603). 


The same uric acid riboside has now been isolated from liver, and 


its identity with that of blood has been confirmed by comparison of their optical rotations 


and ultra-violet absorption spectra (Figs. 5 and 6). 
Neither the position in the uric acid molecule to which the ribose is attached as a 


glycoside, nor the nature of the oxide ring of the sugar is known. 





The present communic- 
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ation solves the first problem, and it is hoped that the second will be the subject of a later 
paper; by analogy with the other purine nucleosides a furanose structure may be 
anticipated. 

The method used in former cases has again been adopted (J., 1934, 1639; 1936, 765; 
1937, 1912; 1938, 259, 692). The ultra-violet absorption spectra of uric acid riboside in 
water, acid, and alkali very closely resemble those of 9-methyluric acid (Fig. 4), and are 
quite unlike those of 1-, 3-, and 7-methyluric acids in the same solvents (Figs. 1—3). It is 
therefore clear that this nucleoside is uric acid-9-d-riboside, the sugar thus occupying the 
same position as in other purine nucleosides. 

This observation’ emphasises afresh the need for the investigation of the source of uric 
acid riboside and of the oxidase which presumably produced it from a purine nucleoside 
or nucleotide, since Dixon and Lemberg (Biochem. J., 1934, 28, 2065) and Gulland and 
Macrae (J., 1933, 662) have shown that xanthine oxidase of milk is unable to effect this 


conversion. 
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Fic. 1.—1-Methyluric acid : A, N/20-NaOH; B, water and n/20-HC1. 

Fic. 2.—3-Methyluric acid : A, N/20-NaOH; B, water and n/20-HCI. 

Fic. 3.—7-Methyluric acid : A, N/20-NaOH; B, water ; C, n/20-HC1. 

Fic. 4.—9-Methyluric acid : A, N/20-NaOH; B, water ; C, n/20-HCI. ‘ 

Fic. 5.—Uric acid riboside from blood : A, N/20-NaOH; B, water ; C, n/20-HCI. 

Fic. 6.—Uric acid riboside from liver : A, N/20-NaOH; B, water ; C, n/20-HCI. 


EXPERIMENTAL. 


Uric Acid Riboside.—(i) The isolation from fresh beef blood followed the procedure of Davis, 
Newton, and Benedict (loc. cit.). 

(ii) Minced liver, adjusted to p,5 by addition of dilute sulphuric acid and allowed to autolyse 
for 4 hours, was coagulated by being rapidly heated to 85°. The mixture was filtered while 
still warm, the filtrate concentrated under reduced pressure at 50° to one-tenth of its volume, 
cooled, saturated with ammonium sulphate, and the resulting precipitate centrifuged and dis- 
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carded. The liquid, when left in the refrigerator for several days, slowly deposited a buff- 
coloured precipitate which was collected, washed with ice water, and dissolved in the minimum 
of hot water. The semi-crystalline precipitate (180 mg.) which slowly separated when this 
solution was kept in the refrigerator for some days was dissolved in water (1 1.), and the solution 
acidified to ~,5 with acetic acid and mixed with mercuric acetate solution until precipitation 
ceased. After 24 hours the precipitate was removed by filtration and discarded, and crystalline 
sodium acetate (100 g.) was added to the filtrate in amount sufficient to make a 10% solution. 
After two days the supernatant liquid was removed with a syphon, and the precipitate centri- 
fuged, washed many times with water, suspended in warm water and decomposed with hydrogen 
sulphide. The clear colourless filtrate from mercuric sulphide was concentrated under reduced 
pressure at 50° until crystals began to form and was left in the refrigerator until separation was 
complete. 

Uric acid riboside crystallised from water in colourless needles, or square or rectangular 
plates, which did not melt at a high temperature, and had in 0-1N-sodium hydroxide [a]?° = 
—40-8° (blood, c = 1-25) and [a]? = —40-6° (liver, c = 1-13) (Found, in material dried in 
vacuum over phosphoric oxide at 110°: N, 18-6. Calc. for C4gH,,0,N,: N, 18-7%). Newton 
and Benedict state that uric acid riboside forms colourless square plates or flat needles which 
do not melt above 300°, and that the optical acitivity of ‘‘ the sodium salt (prepared only in 
solution) ” is [a]? = + 20-42°, ¢ not being recorded. It gave a positive pentose test with 
phloroglucinol and hydrochloric acid, and when steam-distilled in 10% sulphuric acid, the 
distillate gave a positive furfural test with aniline acetate. It gave a positive murexide reaction, 
and a blue colour with the Folin—Marenzi uric acid reagent (Folin, J. Biol. Chem., 1933, 101, 

_111), but the intensity of colour was only 12:2% of that developed by uric acid. 

A solution of uric acid riboside (830 mg.) was heated under reflux at 100° for 6 hours with 16% 
sulphuric acid (5 c.c.), and then cooled in the refrigerator. The rectangular needles which 
separated were dissolved in lithium carbonate solution (charcoal), from which excess of acid 
precipitated rod-shaped crystals of uric acid (14 mg.) (Found, in material dried at 110°: N, 
33-1. Calc. for C,;,H,O,N : N, 33-3%). When estimated colorimetrically by the Folin—Marenzi 
method, this sample developed the same colour intensity as pure uric acid. 

Methyluric Acids.—1-Methyluric acid was prepared from theobromine through the stages 
of methylalloxan (Biltz, Ber., 1912, 45, 3674), 1-methyluramil, and 1-methyl--uric acid (Fischer 
and Clemm, Ber., 1897, 30, 3091) (Found: N, 30-4. Calc. for C,H,O,N,: N, 30-7%). 

3-Methyluric acid was obtained from 4: 5-diamino-2 : 6-dihydroxy-3-methylpyrimidine 
(Traube, Ber., 1900, 33, 3051) (Found: N, 30-4%). 

7-Methyluric acid was made from alloxan by way of 7-methyl-J-uric acid (Fischer, Ber., 1897, 
30, 561) (Found: N, 30-4%). 9-Methyluric acid was made by Fischer (Ber, 1897, 30, 2220) and 
by Biltz and Heyn (Amnalen, 1917, 418, 87; Ber., 1919, 52, 768, 784), but the following simple 
preparation has been described only for the corresponding ethyl derivative (Armstrong, Ber., 
1900, 38, 2310). Freshly prepared methyl isocyanate (3 g.) (Schroeter, Ber., 1909, 42, 3356) was 
added in small portions during 1 hr. to a solution of uramil (5 g.) (‘‘ Organic Syntheses,”’ 1932, 
Vol. XII, 84) in n-potassium hydroxide (75 c.c.). The resulting deep purple solution was 
acidified with hydrochloric acid after 10—15 minutes, and the precipitate collected, washed 
with cold water, and extracted with a mixture of water (100 c.c.) and ammonia (d 0-88; 5 c,c.). 
Acidification of the extract precipitated 9-methyl-J-uric acid, which was purified by solution 
in dilute ammonia (charcoal) and reprecipitation by acid. A suspension of this material in 
15 times its weight of hydrochloric acid (d 1-19) was boiled gently for about } hour and mixed 
with an equal volume of water. 9-Methyluric acid, which had separated during the heating, 
was purified by solution in lithium carbonate, reprecipitation by acid, and crystallisation from 
water in colourless needles (Found : N, 30-6%). 

Absorption Spectva.—Measurements were made with a Bellingham and Stanley quartz 
spectrograph No. 2 and photometer, the light source being a condensed spark between tungsten- 
steel electrodes. The solutions, prepared from dried materials and made to concentrations of 
m/40,000, were examined immediately against controls. 


Our thanks are due to Boots Pure Drug Company Ltd., in whose laboratories the early 
stages of the preparation from liver were carried out. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, June 20th, 1939.] 
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293. The Kinetics of the Sulphonation of Nitrobenzene by Sulphur 
Trioxide. 


By D. R. Vicary and C. N. HINSHELWoop. 


For the correlation of electronic theories of organic reactions with theories of 
reaction velocity, further investigation of the mechanism of aromatic substitutions 
is needed. The sulphonation of nitrobenzene by sulphur trioxide has been found to 
be of the second order with respect to the latter, little influenced by sulphuric acid at 
higher temperatures, retarded by it at lower temperatures, uncomplicated by 
sulphone formation, and strongly retarded by the formation of a compound between 
the sulphur trioxide and the sulphonic acid. The activation energy is approximately 
11,400 calories. ; 


THE study of the kinetics of aromatic substitution reactions is of twofold interest. First, 
little work has hitherto been done which throws light on the specific mechanisms of these 
reactions. Secondly, the effect of substituents being most clearly interpreted in terms 
of the electronic theory of organic reactions, the kinetics of substitution reactions may 
help to a physical interpretation of this theory. It has already become clear from the 
study of other organic reactions that there is a connexion between the activation energy 
and the effects known as the inductive and electromeric effects. 

The kinetic investigation of aromatic substitution is, however, difficult. Halogenation 
is usually either a photochemical or a heterogeneous catalytic reaction. The work of 
Benford and Ingold (J., 1938, 929) has shown that nitration may be a very complex process. 
Sulphonation should be less complicated, and the only side reactions are sulphone forma- 
tion and a possible oxidising action of the sulphur trioxide. Under the conditions of the 
following experiments the latter was most improbable and the former was shown 
to be negligible. 

The sulphonation reaction was studied by Martinsen (Z. physikal. Chem., 1908, 62, 
713), who sulphonated /-nitrotoluene with oleum in large excess. He assumed a reaction 
of the type H,SO, + ArH = Ar-SO,H + H,O, and found that the bimolecular constants 
calculated on this basis fell as reaction proceeded : this he attributed to the accumulation 
of water in the system. Joffe (J. Gen. Chem. Russia, 1933, 3, 437, 505) made certain 
corrections to these results and put forward a theory in which sulphuric acid, besides being 
a reactant, was also an acid catalyst and the cause of a back-reaction. The latter was 
assumed by analogy with the hydrolysis of «-naphthalenesulphonic acid by hydrochloric 
acid at 200°. Joffe’s experimental work, however, did not confirm his theory. Lauer 
and his co-workers (J. pr. Chem., 1932, 185, 164; 1935, 142, 258; 148, 127; 144, 32) 
have studied the sulphonation of anthraquinone and conclude that both sulphur trioxide 
and sulphuric acid contribute to sulphonation. 

Choice of Conditions for the Quantitative Study of Sulphonation.—Preparative experience 
shows that sulphur trioxide is a much better sulphonating agent than sulphuric acid, and 
therefore it would appear that the best agent for use in kinetic investigations would be 
a solution of the trioxide in some solvent. Courtot and Bonnet (Compt. rend., 1926, 182, 
855) employ chloroform as a solvent in sulphonation below 10°, but above that temperature 
it is attacked. Carbon tetrachloride is attacked in the cold, forming carbonyl chloride, 
and acetic anhydride reacts to form sulphoacetic acid. Hexane has been shown to be 
capable of direct sulphonation (Worstall, Amer. Chem. J., 1898, 20, 664). For the present 
purpose concentrated sulphuric acid itself was unsuitable as a solvent on account of the large 
excess of acid, which would make it impossible to follow the course of the reaction by 
titration. It was finally decided to use the substance to be sulphonated, namely, nitro- 
benzene, as its own solvent. Masson (J., 1931, 3200) has shown that sulphuric acid forms 
a complex with nitrobenzene and is readily soluble. Sulphur trioxide proved to be quite 
soluble in nitrobenzene, so that direct solution of the one reagent in excess of the other 
was chosen as the condition for studying the reaction. 
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EXPERIMENTAL. 


Method.—Good commercial nitrobenzene was dried and fractionated several times. Sulphur 
trioxide was prepared for each experiment by distilling it in small portions from 60% oleum 
in a specially constructed all-glass apparatus into about 50 c.c. of solvent. The white fume 
dissolved in the nitrobenzene, giving a brown solution, which was pipetted into 2-c.c. or 5-c.c. 
tubes. These were sealed, and after known periods in a thermostat, their contents were analysed. 

According to the equation SO, + C,H,-NO, = C,H,(NO,)-SO,H the acidity falls to one- 
half its initial value, a fact which allows the progress of the reaction to be followed by titration 
with alkali. In these experiments standard sodium hydroxide (about N/20) was used with 
methyl-red as indicator. Acetone was added to the titration mixtures to make them homo- 
geneous. End-points were determined by keeping 5-c.c. portions at 121° for at least 24 hours. 
The products were analysed by extraction with water and benzene. The unchanged nitro- 
benzene went into the benzene layer and the acids into the aqueous layer. The benzene layer 
was washed with water, the washings added to the aqueous layer, and the whole titrated. This 
solution was boiled down to about 100 c.c. and analysed for sulphuric acid by gravimetric 
determination as barium sulphate. 

The Question of Sulphone Formation.—In preparing a reaction mixture sulphuric acid may 


be distilled over in the fume, and sulphur trioxide will combine with any traces of water taken 3 
up by the nitrobenzene, so that a small amount of sulphuric acid is always present at the be- i 
ginning of the reaction. This does not contribute to the sulphonation, as was shown by adding : 
concentrated sulphuric acid to nitrobenzene and keeping them at 121°. The following figures, ‘ 
giving the titres of samples, show that the reaction of sulphuric acid is negligible compared q 
with that of sulphur trioxide, which at this temperature has reacted completely within 24 hours. : 





ee 4 7 24 46 168 i 
2 eee 21-80 21-70 21-65 21-50 21-55 f 







Thus we have the scheme: 



























Initial SO, = 2 x total fall in titre during reaction. y 
Initial H,SO, = Initial titre — (2 x total fall in titre). - 





This assumes that no sulphone is formed, an assumption which needs justification, since 
the use of sulphur trioxide in the presence of an excess of the aromatic substance is a well- 
known method for the preparation of certain sulphones. The titration method by itself does i 
not distinguish between sulphone formation and sulphonation. 












(a2) RH + SO, = R-SO,H 
(6) 2RH + SO, = R-SO,R + H,O 
H,O + SO, = H,SO, 








Both (a) and (b) lead to the reduction of the titre to one-half. If the reaction 2R‘SO,H = 
R,SO, + H,SO, occurs, the titre remains unchanged. Gravimetric estimation of the sulphuric 
acid present at the end of the reaction will, however, show whether sulphone is formed to an 
appreciable extent, since reaction (b) yields sulphate, which could not be otherwise accounted 
for. In 36 experiments, analysis showed, as far as the accuracy of the method permitted, that t) 
the sulphuric acid present at the end of the reaction did not exceed that present initially. a 
Table I contains some typical results. We therefore conclude that under the conditions of these “4 
experiments sulphone formation is negligible. This conclusion is supported by the work of 
Holleman (Rec. Trav. chim., 1905, 24, 194), who prepared the potassium salt of m-nitrobenzene- 
sulphonic acid and recorded a trace only of sulphone, and by the work of Lauer, who 
prepared the pure sulphonic acid by the action of sulphur trioxide on nitrobenzene at 140°. 
Experimental Errors.—In all experiments the end-point was determined at 121°, and 24 hours 
was shown to be long enough to reach it. 


a 





Time, OUTS enc cgcacicccccccccccccee’ BH 48 72 96 ie 
TG OG.) dc rschbs..dalisae dbase. AOSD 41-00 40-90 40-90 + 


The brown colour of the solution masked the colour change of the methyl-red to some extent, 
and for the end-point determinations bromothymol-blue was used. The initial titre might be 
misleading if any reaction due to local heating occurred as the sulphur trioxide dissolved in the 
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nitrobenzene : this was investigated by measuring the initial titre of a mixture and analysing 
it gravimetrically. The following figures were obtained : 

Initial titre, c.c. of N/20 = 220-0 

Weight of BaSO,, g. = 1-2449 

Equivalent, in c.c. of N/20 = 213-3 
Thus the error may be about 3%. 

The reaction mixtures were fuming liquids, and in their manipulation there was always a 

certain loss. This was estimated by taking a sample, filling a reaction tube, and deliberately 
manipulating it so that there was a maximum loss of fume. The titre of the sample was com- 
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pared with that of one taken and handled in the normal way. The difference was 2-80 c.c, in 
76-7. The normal error was presumably mich smaller than this. The errors in the barium 
sulphate precipitations were due to variation in the dilution and to the presence of organic 
material and colouring matter. Joffe’s suggestion that acid would hydrolyse the sulphonic 
acid made it advisable to carry out the precipitation as quickly as possible, and also to vary 
the temperature conditions during precipitation. From a given sample when both solutions 
were boiling, 0-512 g. of barium sulphate was obtained, and when the barium chloride only 
was boiling, 0-519 g. Both solutions could not be used cold, since the precipitation of the 
sulphate was then unsatisfactory. : 

Kinetics.—(a) Initial yates of reaction. Table II shows the initial rates, those for 40° being 
plotted in Fig. 1, from which it can be seen that the reaction is approximately of the second 
order with respect to the sulphur trioxide. In Fig. 2 are some typical curves showing the 
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marked retardation which sets in when the reaction has run about half its course. This retard- 
ation proves to be due to the formation of an addition compound between sulphur trioxide and 
the sulphonic acid. It is the more in evidence the lower the temperature. 

(b) The retardation. In an ordinary bimolecular reaction we have dvx/di = k(a — +)?, 
whence */ (dx/dé)/(a — x)? is a constant; but if only a fraction, «, of the reactant is free to 
enter into the reaction, then dx/dt = ka®(a — x)®, so that a = const. ~/ (dx/dé)/(a — x)*. From 
reaction-time curves of the kind shown in Fig. 2, values of Ax/A¢ are taken and the values of 4 
\/ (dx/dt)/(a — x)? are plotted against the percentage change. The value of the expression 
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for x = 0 is then scaled to unity and the other values in proportion. This gives a series of 
values of « for various values of x, since we may assume « to be unity when + is zero, that is, when 
there is no reaction product to combine with and remove sulphur trioxide. Curves showing q 
the variation of « with x are given in Figs. 3 and 4. a 

If a 1: 1 complex is formed between sulphur trioxide and the sulphonic acid, we have the ie 
following equilibrium constant : 


K = [Complex] /[SO,][Sulphonic acid] i 


[Complex] = (1 — a)(a — x); [Free SO,] = a(a — 2) ’ 
[Free sulphonic acid] = [¥ — (1 — a)(a — x)] 


K = (1 — a)/a[~ — (1 — a)(a — #)] 
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K can be calculated from the values of «, but since the equilibrium proves to lie very much 
on one side, the actual values are subject to great error. The same circumstance, however, 
provides that a value corresponding to x = 50% is accurate enough for the calculation of values 
of « over the whole course in fair agreement -with experiment. This is shown in Fig. 4. 
Numerical data are collected in Table III. The dotted line in Fig. 4 shows the value which 
« would have if the compound formation were complete: from this it can be seen that the 
equilibrium favours compound formation. This means that the numerical values of K are 
not of much use for calculating the heat of formation of the compound. 

Velocity constants for the whole course of an experiment can be calculated from the ex- 
pression k = (Ax/At)/(a — *)®a? and agree with those obtained from the initial rates (Table IV). 

(c) Effect of added product. Confirmation of the above explanation of the retardation was 
obtained by initial addition of reaction product. A portion of nitrobenzene was charged with 
sulphur trioxide in the usual way, allowed to react completely, and analysed. Some was then 
mixed with fresh nitrobenzene and used as solvent for a fresh charge of sulphur trioxide. If 
A is the initial sulphonic acid concentration, the equilibrium constant becomes K = 
(1 — a) /a{* — (1 — «)(a — x) + A}, from which « and hence & can be calculated as before. 
The addition of the product reduced the reaction rate very markedly, but the values of k were 
comparable with those obtained in experiments without added product (Table V, and the values 
marked with an asterisk in Table IV). 

(d) Effect of added sulphuric acid. At 80° no systematic retardation by added sulphuric 
acid could be detected. At 40° there was such a retardation, probably due to the conversion 
of some of the sulphur trioxide into pyrosulphuric acid which reacts less rapidly. The retard- 
ation caused by a large excess of added acid was, however, not great enough to allow the variations 
of the ordinary k values to be attributed to the varying small amounts of sulphuric acid initially 
present. 

(e) Temperature coefficient. The values of k from the initial rates are subject to errors in 
drawing tangents to curves : those from the successive increments on the reaction—time curves, 
to errors arising from the smallness of the increments. Both sets are used in plotting the 
Arrhenius equation line. There is some drift in k with concentration; but the error is reduced 
by the fact that similar ranges are covered at different temperatures, and also by the large 
temperature range studied. The nine mean values for the five temperatures recorded in 
Table IV were all plotted on one curve, and the activation energy calculated both from the 
slope of the line and by least squares. The value is E = 11,400. The value of log PZ is 3-91. 


DISCUSSION. 


The reaction is predominantly of the second order with respect to the sulphur trioxide. 
The constants themselves show a certain trend, which may be due to experimental error, 
since the manipulation of sulphur trioxide solutions is difficult, or it may be real. The 
latter possibility is suggested by the consistency with which the points lie on the curves 
in Fig. 2, each point referring to a separate filling of the reaction tube: the variations 
from one run to another may therefore be due to some uncontrolled factor, such as a 
certain indeterminateness in the state of the dissolved sulphur trioxide, rather than to 
mere manipulative errors. However this may be, there is little doubt that the pre- 
dominant reaction is of the second order, and that therefore the mechanism involves either 
two molecules of SO, or a molecule of S,0,. The molecular complexity of solid sulphur 
trioxide is variable, but in these nitrobenzene solutions it must be predominantly mono- 
meric. Otherwise, if it were dimeric and the monomer reacted, the rate would be pro- 
portional to the square root of the concentration, while if it were dimeric and the dimer 
reacted the rate would be proportional to the first power of the concentration. The 
approximately second order observed demands that two molecules of the species predomin- 
antly present should react: this is only likely to be satisfied with two molecules of the 
monomer. Whether these two molecules enter separately into reaction or as a pair in 
the form of a molecule of S,O, cannot be decided definitely, but the following considerations 
are relevant as a guide to further investigation. 

The second SO, may be involved in a specific interaction with the nitro-group, which 
influences the reactivity of the whole nucleus. This can be settled by finding the order of 
reaction with other aromatic substances. 
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On the other hand, there might be some mechanism whereby the second SO, facilitates 
the transfer of the replaced proton from carbon to sulphur, in a manner formally analogous 
to that in which a basic catalyst acts in other reactions. 

Finally, there is the possibility that the molecule S,0,, about which little is known, 
may have a charge distribution which makes it a more powerfully kationoid reagent than 
SO, itself. In this connection it is of interest to note that Michael and Weiner (J. Amer. 
Chem. Soc., 1936, 58, 294), on the evidence of certain preparative reactions, do in fact 
consider S,0, to be the active agent in sulphonations. 

Until further evidence on these questions is obtained, detailed analysis of the statistics 
of the reaction must be deferred, but the following comparison is of interest. The activ- 
ation energy is 11,400 cals. and log PZ is 3-91. In the reaction of esterification where two 
molecules of acetic acid react with the polar solvent ethyl alcohol, the value of this term 
is 3-69. If, therefore, the sulphonation reaction be regarded as one of two molecules of 
SO, with the polar solvent nitrobenzene, then we see that the reaction probabilities, 7.e., 
of correct orientation and energy redistribution, would appear to be of the same order as 
in the esterification reaction, where, in fact, the reaction probability, or entropy of the 
transition state, is small. 


TABLE I. 


Sulphuric acid present initially and finally, showing absence of appreciable sulphone 
formation. 


(1) = Initial titre in c.c. of N/20-alkali. (2) = Initial titre — 2 x titre drop on reaction. (3) = 
C.c. of N/20 equivalent to the weight of barium sulphate from the end-product. 


(1). (2). (3). (1). (2). (3). (1). (2). (3). 
245-0 . 112-8 8-7 3- 66-5 . 
206-4 . 95-5 13-2 50-1 14: 13- 
193-5 : : 77-1 15-1 44-8 . : 
169-3 . 74-7 3-3 34-3 
134-9 . 74-2 21-6 . 31-1 
136-1 : 71-0 10-8 28-9 


TABLE II. 


Initial rates of reaction. Temp. 40°. 


Initial SO,, g.-mol./l. .................. 0-893 0-612 0-557 0-516 0-484 0-331 0-308 
Initial rate, per cent. /min. 0-59 0-35 0-31 0-29 0-24 O16 0-14 


TABLE III. 
Data for typical series of experiments at 60°. Initial SO, concentration = 0-974 g.-mol. /l. 
Ax 


(a) 

Ny) ; x 10° Ny) me Bee 
#,%.  Ax/At, %/min. (a — x)? At ; *,%. Ax/At, %/min. (a — x)? At 
10-0 1-400 13-2 50-0 0-039 3-94 
16-8 0-918 11-5 54-0 0-029 3-67 
20-0 0-785 11-1 59-8 0-020 3°51 
28-4 0-516 10-0 64-0 0-0054 2-03 
30-0 0-467 9-76 69-3 0-0044 2-18 
38-4 0-199 7-25 73-2 0-0021 1-72 
40-0 0-169 6-86 77:8 0-0013 1-63 
46-9 0-063 4-72 


(b) Values of a: experimental, and calculated from K = 13-5 (K is expressed with concentrations 
in g.-mols. /I.). 
MN di ininien ec 20 30 40 50 60 70 80 90 
, . 0-895 0-777 0-635 0-459 0-280 0-186 0-135 0-107 0-088 
a, : 0-899 0-777 0-634 0-474 0-322 0-211 0-147 0-110 0-087 


(c) Values of & [k expressed in (1./g.-mol.) /sec.]. 


15 20 25 30 35 40 45 
1:030 0-785 0-602 0-467 0-315 0-169 0- 
0: 

2: 


x 10°. 


60 70 
039 0-020 0-0040 
322 0-211 0-147 
58 4-82 3-52 


0-845 0-777 O-710 0-634 0-555 0-474 
3-42 3-48 3-66 4-06 4-14 3°58 


50 

5 0- 
0- 

2: 


077 
395 
80 
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TABLE IV. 
Values of &. 
Temp. 80°. Temp. 60°. 

Initial Mean 10‘ from 104k from Initial Mean 10k from 104k from 
SO,. k = (Ax/At)/a*(a — x)*. initial rate. SO,. k = (Ax/Ad) /a*(a — x)*. initial rate. 
0-883 6-72 6°72 0-974 3-61 3-78 
0-735 7-48 5-96 0-893 2-96 2-48 
0-625 6-68 8-28 0-629 2-62 1-72 
0-556 4-72 7-48 0-411 2-34 2-90 
0-520 5-72 6-00 0-286 1-98 2-16 
0-371 2-72 3-70 
0-309 3-44 2-90 0-554 * 3-40 — 
0-301 4:98 5-96 0-154 * 2-94 — 
0-170 3-82 4-02 
0-078 4-44 5-44 


* Product added initially—see Table V. 


Mean values for various temperatures, (1./g.-mol.) /sec. 


TEED. ccvccccccccccccccccccccscosccccccess BODE 80-0° 60-0° 40-0° 25-0° 

PO dertetn bec ccccccccctesssccstccssccens ED 5-07 2-81 0-79 -— 

10*R initial rate See eee eee eseeee ses eeeseeeee 16-8 5-56 2-61 0-90 0-33 
TABLE V. 


Addition of product. Temp. 60-0°. 


Initial SO,. —‘Initial H,SO,. Initial sulphonic acid. = & X 10+. 
0-154 0-037 0-148 2-94 
0-554 0-055 0-145 3-40 


(In the first experiment the initial rate was about one-sixth and in the second about 
one-half of that in the absence of product.) 


294. 


[Received, June 21st, 1939.] 





The Functional Relation between the Constants of the Arrhenius 


Equation: The Formation of a Series of Quaternary Ammonium 








Salts in Benzene—Nitrobenzene Mixtures. 
By H. C. Raine and C. N. HINSHELWoopD. 


Among the results of recent investigations dealing with the kinetics of reactions 
in solution are the following : 

(a) Two important terms in the activation energy are the work required to bring 
an attacking reagent up to the reactive centre and that required to extend bonds 
which must be broken in the reaction. The relative values of the two terms vary 
considerably from reaction to reaction. This variation is in evidence in the series 
constituted by the interaction of methyl iodide and isopropyl iodide respectively with 
triethylamine and with pyridine. 

(6) There is not infrequently a correlation between the two constants E and log 
PZ of the Arrhenius equation: the conditions under which this occurs have not 
been fully worked out. A well-marked example of it is found with the reaction 
between pyridine and methyl iodide in a range of benzene—nitrobenzene mixtures 
as solvents: E£ ‘varies in a very characteristic manner with solvent composition and 
log PZ shows an unmistakable tendency to follow it. 

The object of the experiments was to find out whether there is any connection 
between the two sets of facts (a) and (b): whether, for example, the correlation is 
more in evidence when the activation energy is mainly needed for the stretching of 
bonds. All four reactions mentioned in (a) have therefore been compared in respect 
of the correlation of E and log PZ. A method has been devised for making quantitative 
comparison of the degree of correlation, and the results show that the differences 
between the four reactions are not great. Such differences as there are do not lend 
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support to the idea that the correlation is most in evidence when the activation 
energy is chiefly concerned with bond extension, but rather the reverse. The meaning 
of this result is discussed, and the nature of the log PZ-E correlation in general is 
further considered. 
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WHEN the activation energy for the reaction between methyl iodide and pyridine in 
benzene-nitrobenzene mixtures is plotted against the composition of the solvent the 
curve obtained has a characteristic shape with a maximum and minimum (Fairclough 
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and Hinshelwood, J., 1937, 1573). The corresponding variations in the temperature- 
independent factor, log PZ, of the Arrhenius equation can be analysed into two factors, 
one a regular increase with the polarity of the solvent and the other a well-defined correla- 
tion with the activation energy itself. This kind of correlation has frequently been found 
in other types of reaction. Among other possible causes for it is the following (Fairclough 
and Hinshelwood, J., 1937, 538): increased activation energy may be due to increased 
strengths of certain bonds; this extra strength is associated with a greater frequency, 
so that the time required by the activated complex to complete its rearrangement may 
be less. Under certain conditions the result may be a greater probability of reaction 
in the way required. 

Bond strengths are not the only factors determining activation energies (Evans and 
Polanyi, Trans. Faraday Soc., 1938, 34, 11). The work needed to bring up the attacking 
reagent to the reactive centre may be still more important. In the formation of quaternary 
ammonium salts the influence of substituents follows their expected effect on the repulsion 
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to be overcome; but the relative importance of the bond stretching varies from reaction 
to reaction. From the fact that there is little difference between the activation energies 
of the reactions of isopropyl iodide with pyridine and with triethylamine, it may be con- 
cluded that the activation of the alkyl-iodine bond is more important than in the reactions 
of methyl iodide with the same bases, where the difference in E is great (Hinshelwood, 
Laidler, and Timm, J., 1938, 848). 

It seemed of interest to find out whether the degree of correlation between E and 
log PZ with variation of solvent composition showed any regular trend with the shift in 
the relative importance of the bond strength and repulsion energy in the series: methyl 
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© Formation of methylpyridinium iodide. 

@ Formation of isopropylpyridinium iodide. 

© Formation of methyltriethylammonium iodide. 
@ Formation of triethylisopropylammonium iodide. 


For convenience of representation certain lines have been displaced along the E axis. 


iodide-triethylamine, methyl iodide—pyridine, isopropyl iodide-triethylamine, tsopropy]l 
iodide—pyridine. 

The values of E and log PZ have therefore been determined for the three of these pairs 
not previously studied: the solvents were the complete range of benzene-nitrobenzene 
mixtures previously used for pyridine and methyl iodide. 

The experimental methods were as described in earlier papers (Laidler and Hinshelwood, 
J., 1938, 858). The results are tabulated below. The method of treating them was as 
follows. 

The activation energy varies with solvent composition according to an S-shaped 
curve (Fig. 1). There are two compositions for which E has the same value as for pure 
nitrobenzene. Any differences between the corresponding values of log PZ cannot be 
due to correlation with E, but represent what has been called the polarity effect. The 
three values of log PZ when plotted against solvent composition yield a curve which is 
little enough removed from a straight line to make interpolation relatively easy, provided 
we permit ourselves to make the assumption that the polarity effect is representable 
at all by a curve of simple form. An example of such an interpolation curve is shown in 
Fig. 1 by the line without circles. The corresponding curve for the total variation in 
log PZ is shown by the curve with open circles. For each composition the observed value 
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of log PZ is corrected for the change which would be due to the polarity effect operating 
alone. The curve with the half-black circles is the resultant of the two other curves con- 
structed by algebraic addition. It is seen to be closely similar in shape to the curve obtained 
by plotting E against composition. The corrected values of log PZ are plotted against 
the corresponding values of E for the four reactions in Fig. 2. In the first place it is 
seen that the relation is linear in each case within the limit of experimentalerror. Secondly, 
it appears that the differences in slope are not considerable. Thirdly, however, it is 
evident that the small differences which occur are in the sense that makes the degree of 
correlation least when the influence of the bond strength might be expected to be greatest. 
The slopes of the four lines are : 


Triethylamine and methyl iodide secccecsccceses’ TOO K BPS 
Triethylamine and isopropyl iodide ............... 6-77 x 10-* 
Pyridine and methyl iodide . ceecsseeceseceecee 6°45 x 10-4 
Pyridine and isopropyl iodide . sone 5-60 x 10-4 
TABLE I. 
Solvent.* Temp. x 10*. Solvent.* Temp. & x 10%. Solvent.* Temp. & x 10%. 
The Reaction between Triethylamine and Methyl Iodide. 
I 5-3° 10-7 IV 4-0° 5-72 VII 4-0° 2-20 
15-0 20-1 15-0 12-0 15-0 4-30 
25-0 33-5 25-0 22-9 25-0 7°75 
40-0 76-1 40-1 46-7 40-1 15-5 
IIa 40 9-27 Vv 4-6 4-40 VIII 15-0 2-43 
15-0 17-9 15-0 8-02 25-0 4-57 
25-0 32-1 25-0 14-8 40-1 9-77 
40-0 70-8 40-1 34:1 60-1 25-1 
III 4:7 7-05 VI 5-0 3-68 IX 15-0 0-827 
15-0 13-0 15-0 6-53 25-0 1-40 
25-0 24-4 25-0 11-5 40-1 3°23 
40-0 55-0 40-1 25:1 60-1 8-25 
Tine Reaction between Pyridine and isoPropyl Iodide. 
k x 10°. k X 10°. k x 108, 
I 40-0 4-08 IV 60-0 9-48 VII 60-0 2-83 
60-0 22-1 80-2 38-8 80-2 12-1 
80-0 91-2 99-6 157 99-9 42-5 
99-3 310 121-0 635 121-0 137 
II 40-0 3°33 Vv 60-0 8-45 VIII 80-2 6-94 
60-0 18-5 80-2 30-4 100-1 23-4 
80-2 71-6 100-2 115 121-0 76-9 
100-1 295 121-0 414 138-7 220 
III 60-0 12-0 VI 60-0 4-34 IX 99-6 8-04 
80-2 94-0 80-2 21-3 121-0 29-5 
99-7 210 100-0 76-1 138-9 81-0 
121-0 571 121-0 220 150-8 151 
The Reaction between Triethylamine and isoPropyl Iodide. 
k x 105. k x 105. k X 105. 
I 60-1 2-61 IV 80-0 2-50 VII 99-8 1-51 
80-0 8-24 99-7 8-35 120-6 4-59 
100-0 30-6 120-6 24-3 139-0 10-2 
120-4 92-0 138-0 71-3 153-4 22-1 
II 60-0 1-42 153-4 = 132 VIII 99-5 0-570 
80-0 5-74 Vv 80-2 1-68 120-0 1-86 
99-4 18-5 99-9 5-62 138-8 4-38 
120-0 58-8 120-0 19-6 153-2 8-25 
III 80-0 3-95 139-5 48-9 IX 99-6 0-181 
99-7 13-2 153-4 82-3 120-3 0-620 
121-0 41-7 VI 99-2 2-81 138-4 1-39 
138-4 107 119-8 9-94 153-1 3-06 
153-4 205 139-1 23-9 
153-5 45-9 
The constants are corrected for solvent expansion. 
* See Table II. 


4x 
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The slope is least for the reaction between pyridine and isopropyl iodide, and greatest for 
triethylamine and methyl iodide. In the latter the repulsion energy appears to be most 
important; in the former, the bond energy. 

This raises the question of the general interpretation of the P-E correlation. It 
appears in unimolecular reactions and can therefore presumably be connected with bond- 
breaking processes; and the form of the relationship can be plausibly enough accounted 
for by a theory based upon the idea of a parallelism between activation energy and bond 
strength. The present results, however, as far as they go, suggest a widening of the basis 
of the theoretical interpretation. This can easily be given in a form which includes the 
previous idea as a special case. 

Suppose a reaction took place in some hypothetical ideal state with activation energy 
E, and the probability factor P. Now let the conditions be changed, e.g., by the presence 
of solvent molecules, so that the value of E is lowered. The lowering is due either to the 
effect of one single factor or to the simultaneous co-operation of a number of factors. It 
is in the latter case that the correlation is to be expected, for each factor can be thought 


TABLE II. 
Solvent. C,H, PhNO,. E£, cals. log PZ. Solvent. C,H,. PhNO,. E, cals. log PZ. 


The Reaction between Triethylamine and The Reaction between Triethylamine and 
Methyl Iodide. isoPropyl Iodide. 


I 0 100 9,650 I 100 16,000 
Ila 10 90 9,800 II ; 87-5 16,050 
Ill 25 75 10,050 III 75 16,100 
IV 37-5 62-5 10,050 IV ° 62-5 16,250 
Vv 50 50 9,800 V 50 16,050 
VI 62-5 37-5 9,450 VI 52- 37-5 15,750 
Vil 75 25 9,550 Vil 25 15,500 
VIII 87-5 12-5 9,650 VIII ° 12-5 15,750 
IX 100 0 9,750 IX 0 16,300 
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The Reaction between Pyridine and The Reaction between Pyridine and 
isoPropyl Iodide. Methyl Iodide. 


I 0 100 16,700 0 100 13,800 

II 12-5 87-5 17,200 6-8 93-2 14,200 
III 25 75 17,600 26-8 73-2 14,500 
IV 37-5 62-5 17,900 49-5 50-5 13,900 
Vv 50 50 17,350 68-8 31-2 13,600 
VI 62-5 37-5 16,900 91-65 8-35 13,700 
VII 75 25 16,550 100 0 14,400 
VIII 87-5 12-5 16,900 
IX 100 0 17,950 


The data for the reaction between pyridine and methy] iodide are those of Fairclough (B.Sc. Thesis, 
Oxford, 1937). 
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of as reducing E by an amount e, and if factors co-operate the change is given by AE = 
ne; but the chance that each of these factors is favourable at the moment of activation 
is less than unity, so that for » of them to be favourable at once the probability will be 
reduced in the ratio P’/P = p", where # is less than unity. Taking logarithms and 
eliminating m, we find that E and log P change in a parallel manner. 

The statistical basis of this relation is essentially the same as that given in the earlier 
treatment of the special example depending on bond strength. In this theory, if the 
activation energy were lowered by weakening a bond, the vibration frequency became less, 
so that there was a longer interval between activation and the moment when the molecule 
reached the right internal condition to react ; it was supposed that these would be deactiv- 
ation or resolution of the active complex into its components except when it happened to have 
an exceptionally long life. The latter condition was supposed to depend on the favour- 
able conjunction of a number of independent factors, and it was precisely this assumption 
which gave rise to the correlation of E with the logarithm rather than any algebraic function 
of P. 
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In unimolecular reactions (Fairclough, J., 1938, 1186; Wiig, J. Physical Chem., 1928, 
32, 961), such as the decarboxylation of the ions of the aliphatic acids, we probably have 
to deal with a mechanism in which the activation energy is required chiefly for the breaking 
of bonds. Here the idea that the activated molecules react only if a number of factors have 
ensured them an abnormally long period free from disturbance by solvent molecules may 
well be correct. 

In heterogeneous reactions a favourable geometrical and energetic relation between the 
adsorbed molecule and several molecules of the solid catalyst may be needed : the corre- 
lation may then appear. 

The correlation is always much in evidence when we have to deal with change of solvent. 
Here we may suppose that a favourable disposition, achieved by chance, of a number of 
solvent molecules round the reacting partners lowers the activation energy by facilitating 
approach, that is, by reducing what we have called the repulsion energy. The probability 
however is correspondingly lowered. This may well be the state of affairs in the systems 
studied in the experimental part of this paper. 


[Received, June 21st, 1939.] 





295. The Reactivity of the Aromatic Nucleus. Part I. 
Karrer’s Theory of Coupling. 
By W. J. HicktnBottom and E. W. LAMBERT. 


It has been found impossible to repeat Karrer’s observations on the coupling of 
dibutylaniline and of diisoamylaniline. These amines react normally with diazotised 
sulphanilic acid, and no indication was obtained of the elimination of an alkyl group 
during the reaction. It is also found that tertiary amines with even larger alkyl 
groups couple normally. It is concluded that there is no experimental foundation for 


Karrer’s theory of coupling. 
A method is described for the purification of dialkylarylamines through their 


picrates. 


KARRER (Ber., 1915, 48, 1398) reported that dibutyl- or ditsoamyl-aniline reacts in aqueous 
acetic acid solution with diazotised sulphanilic acid to form alkylaminoazobenzenes, 
NHR:‘C,H,'N,"C,H,SO,H (R = C,H, or C;H,,), with the elimination of an alkyl group. 
As a preliminary to an investigation of the factors influencing the nuclear reactivity of the 
dialkylarylamines towards diazo-compounds, it was necessary to re-examine these reported 
abnormalities. 

A repetition of the coupling of ditsoamylaniline with diazotised sulphanilic acid yielded 
an aminoazo-sulphonic acid, and analysis of its potassium salt indicated that it was dizso- 
amylaminoazobenzenesulphonic acid. This was confirmed by its reduction to p-amino- 
ditsoamylaniline, the dihydrochloride of which is readily distinguished from that of the 
monoalkyl compound, which should result if an alkyl group were eliminated. The coupling 
product was shown to be homogeneous by reducing the unpurified potassium salt obtained 
from the coupling and then benzoylating the resulting diamine. The crude product, 
washed and dried, had m. p. 97—100°, raised by further purification to 101°. 

It is concluded that dissoamylaniline couples normally with diazosulphanilic acid, and 
that there is no appreciable elimination of the alkyl group during the process. Ditso- 
butylaniline was also found to couple normally with this diazo-acid without any appreciable 
loss of an alkyl group, and a repetition of the coupling of di-n-butylaniline confirmed the 
earlier results of Reilly and Hickinbottom (J., 1918, 113, 99) that this amine also couples 
without the loss of an alkyl group. The coupling of these three dialkylanilines with 
diazotised p-nitroaniline was also found to proceed normally. These results lead to the 
conclusion that Karrer’s observations were faulty, and that there is no experimental 
basis for the theory of coupling which he based upon them. An extension of the work 
to other dialkylanilines, which on Karrer’s view might be expected to couple abnormally, 
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failed to provide any evidence of the elimination of an alkyl group. For instance, dicetyl- 
and di-n-octyl-aniline both couple normally with diazotised #-nitroaniline, and even 
methyl-tert.-butylaniline reacts with it without the expulsion of an alkyl group, although 
it has been shown (Hickinbottom, J., 1933, 949, 1072) that the ¢ert.-butyl group may be 
eliminated relatively easily by warming with aqueous mineral acids or even by treatment 
with methy] iodide. 

A method has been worked out for the preparation and purification of N-dialkylaryl- 
amines. It depends on the observation (Reilly and Hickinbottom, J., 1920, 117, 103) 
that their picrates are, in general, less soluble than those of the corresponding secondary 
amines. The preparation by this method of pure specimens of dissoamyl-, ditsobutyl-, 
and di-n-butyl-anilines, dimethyl-p-xylidine, 2-dimethylamino-m-xylene, and o-chloro- 
dimethylaniline is now described. This method seems to be of fairly wide application for 
the preparation of dialkylarylamines with not too large alkyl groups, for it has also been 
used for the preparation of methyl- and ethyl-#-butylanilines (Reilly and Hickinbottom, 
loc. cit.) and of ¢ert.-butyl- and ¢ert.-hexyl-methylanilines (Hickinbottom, J., 1933, 946). ° 
The method fails if the alkyl groups are too large: di-n-octyl- and dicetyl-aniline cannot 
be purified thereby, but the latter is readily purified by crystallisation of its hydriodide 
from methyl alcohol. 

EXPERIMENTAL. 

Coupling of Diisoamylaniline.—(a) With diazosulphanilic acid: formation of 4-diiso- 
amylaminoazobenzene-4'-sulphonic acid. A solution of diisoamylaniline (1-5 g.) in glacial acetic 
acid (5 g.) was cooled and stirred mechanically while diazotised sulphanilic acid (from 1-11 g. of 
the acid) was added gradually. Potassium acetate (2 g.) was added after } hour and a further 
2 g. after 2 hours. The stirring was continued for a further 2 hours, and the brownish product 
was then cooled in ice and diluted with 10 c.c. of water. Addition of an ice-cold solution of 
10 g. of potassium hydroxide in 25 c.c. of water caused the separation of the potassium salt as a 
red sticky solid. For analysis it was purified by three crystallisations from aqueous alcohol 
(90%) and dried at 100° (Found: C, 57-6; H, 6-5. (C,,H;,0,;N,;SK requires C; 58-0; H, 
6-6%). It formed small, yellow-orange, glistening plates, readily soluble in water, sparingly 
soluble in alcohol. 

Reduction with sodium hyposulphite in aqueous alkaline solution gave p-aminodiiso- 
amylaniline, which was isolated as its hydrochloride by adding ethereal hydrogen chloride to a 
dried ethereal solution of the crude amine from the reduction. The salt separates from alcohol— 
ether as a white crystalline magma (Found: C, 59-6; H, 9-4. C,gH,gN,,2HCl requires C, 
59-8; H, 94%); an aqueous solution gives a brilliant red coloration with ferric chloride solution, 
quickly fading to yellow. 

4-Benzamidodiisoamylaniline, prepared from a suspension of the diamine in aqueous alkali, 
separates from aqueous alcohol as small glistening needles, m. p. 101° (Found: C, 78-3; H, 9-3. 
C,,;H,,ON, requires C, 78-4; H, 92%). Benzoylation of the crude diamine from reduction of 
the unpurified coupling product, gave a product which, washed with water and dried, had m. p. 
97—100° (identity confirmed by mixed m. p.). 

(b) With p-nitrobenzenediazonium chloride: formation of 4'-nitro-4-diisoamylamino- 
azobenzene. Diazotised p-nitroaniline (from 1 g. of base in 13-8 c.c. of 24% hydrochloric acid, 
2 g. of ice, and 5-1 c.c. of 10% sodium nitrite solution) was filtered into a solution of 1-7 g. of 
diisoamylaniline in 20 c.c, of acetone, and 3 g. of sodium acetate added; the solution was stirred 
mechanically for 2 hours, and water added. The precipitated azo-compound separated from 
aqueous alcohol as small crimson crystals, m. p. 120° (Found: C, 68-7; H, 7:6; N, 14-7. 
CygH,0,N, requires C, 69-1; H, 7-9; N, 14-6%). 

Coupling of isoAmylaniline.—(a) With diazosulphanilic acid: formation of 4'-amylamino- 
azobenzene-4-sulphonic acid. Sulphanilic acid (5-3 g.) was diazotised and added to a mechanically 
stirred solution of isoamylaniline (5 g.) in 15 c.c. of glacial acetic acid. Coupling occurred 
immediately, and after 1 hr. potassium acetate (5 g.) was added, and after a further hour’s 
stirring, the reddish-orange reaction mixture was neutralised by addition of an ice-cold solution 
of 25 g. of potassium hydroxide in 75 c.c. of water. The potassium salt of the azo-compound 
separated as a yellowish-orange solid admixed with some red oily matter. After crystallisation 
from 90% alcohol, it was obtained as golden-orange plates (Found: C, 52-6; H, 5-3. 
C,H ,O3N;,SK requires C, 52-9; H, 5-2%). 

Reduction of the aminoazo-compound with an alkaline solution of sodium hyposulphite 








[1939] The Reactivity of the Aromatic Nucleus. Part I. 1385 


yielded p-aminoisoamylaniline, which was isolated as its dihydrochloride, glistening plates from 
alcohol (Found: C, 52-4; H, 7-8. C,,H,,N;,2HCl requires C, 52-6; H, 8-0%). Its aqueous 
solution gives a green coloration with ferric chloride. 

(b) With p-nitrobenzenediazonium chloride: formation of 4'-nitro-N-isoamyldiazoamino- 
benzene. Reaction of diazotised p-nitroaniline with isoamyl aniline under the conditions 
described for ditsoamylaniline (p. 1384) gave a red oil which gradually solidified to a mass of dark 
red crystals having a green reflex. Extraction with boiling light petroleum (b. p. 40—60°) 
removed 4’-niiro-N-isoamyldiazoaminobenzene, which separated from alcohol as yellow aggregates 
of needles, m. p. 72—73° (Found: C, 65-4; H, 6-4. C,,H,,O,N, requires C, 65-3; H, 6-5%). 
Treatment with cold concentrated sulphuric acid and subsequent cautious dilution gave a 
solution containing a diazo-compound, as shown by its reaction with alkaline B-naphthol. 

The dark red oil, remaining after extraction of the crude product with light petroleum, 
presumably contained the corresponding aminoazo-compound, but it could not be isolated in a 

ure state. 
~ Coupling of Diisobutylaniline.—(a) With diazosulphanilic acid: formation of 4'-diiso- 
butylaminoazobenzene-4-sulphonic acid. The coupling was effected under conditions similar 
to those employed for diisoamylaniline. The potassium salt of 4’-diisobutylaminoazobenzene- 
4-sulphonic acid separates from 90% alcohol as small, orange-brown crystals (Found : C, 56-3; 
H, 6-0; K, 9-2. C.9H,,0O,N,SK requires C, 56-2; H, 6-1; K, 9-2%). Reduction in aqueous 
alkaline solution with sodium hyposulphite gave p-aminodiisobutylaniline, the hydrochloride of 
which separates from aqueous alcohol as small colourless crystals, m. p. 223—224° after darkening 
from about 210° (Found: C, 56-9; H, 8-9. C,,H,,N,,2HCl requires C, 57-3; H, 89%). Its 
aqueous solution gives with ferric chloride an intense red coloration which rapidly fades to 

ellow. 1 
" 4-Benzamidodiisobutylaniline separates from alcohol as small white crystals, m. p. 111° 
(Found: C, 77-5; H, 8-8. C,,H,gON, requires C, 77-7; H,8-7%). Thecrude diamine isolated 
directly from the reduction of the unpurified coupling product gave a benzoyl derivative 
which had m. p. 105—107° when washed with water and dried. 

p-Aminodiisobutylaniline was also prepared by reduction of p-nitrosodiisobutylaniline 
hydrochloride in diluted hydrochloric acid with zinc. The benzoyl derivative of the diamine 
from this source was identical with that derived from the reduction of the coupling product. 
As Karrer (loc. cit.) failed to obtain this nitroso-compound, its preparation is given. 

A solution of diisobutylaniline (2-1 g.) in 8 c.c. of diluted hydrochloric acid (1 : 2) was cooled 
in ice and salt and then treated with 1-6 c.c. of aqueous sodium nitrite (48%) with mechanical 
stirring. After 2 hours, the resulting precipitate of orange-brown crystals was collected, and 
purified by two crystallisations from alcohol-ether. p-Nitrosodiisobutylaniline hydrochloride 
was obtained as yellow-brown needles having no definite m. p. (Found: C, 62-5; H, 8-7. 
C,,4H,,ON,,HCI requires C, 62-1; H, 8-6%). The free base, liberated from the aqueous solution 
of the salt by the addition of ice-cold sodium carbonate solution, separates from light petroleum 
(b. p. 40—60°) as green needles, m. p. 62—63° (Found: C, 71-9; H, 9-7. C,,H,,ON, requires 
C, 71-8; H, 9-5%). 

(b) With p-nitrobenzenediazonium chloride: formation of 4'-nitro-4-diisobutylaminoazo- 
benzene. The coupling product was obtained as described on p. 1384. It separates from alcohol 
as minute crimson needles, m. p. 122—123° (Found: C, 67-9; H, 7:3. C,gH,,O,N, requires 
C, 67-8; H, 7-4%). 

Coupling of methyl-fert.-butylaniline in aqueous acetone with diazotised p-nitroaniline 
gave 4’-nitro-4-methyl-tert.-butylaminoazobenzene, which formed crimson needles from alcohol, 
m. p. 133—134° (Found: C, 65-5; H, 6-7. C,H  O,N, requires C, 65-3; H, 6-5%). Similar 
coupling of tert.-butylaniline gives as the main product 4’-nitro-N-tert.-butyldiazoaminobenzene, 
shining yellow plates from alcohol, m. p. 142—143° (Found: C, 64:3; H, 6-0. C,,H,,0,N, 
requires C, 64-4; H, 6-1%). 

4'-Nitro-4-di-n-octylaminoazobenzene, obtained by the coupling of di-n-octylaniline with 
diazotised p-nitroaniline in aqueous acetone solution in presence of potassium acetate, separates 
from alcohol as clusters of crimson needles, m. p. 66—67° (Found : C, 71-5; H, 8-9. C,,H,,0,.N, 
requires C, 72-1; H, 9-1%); and by a reaction under the same conditions, m-octylaniline gave 
4’-nitro-N-n-octylaminodiazoaminobenzene as principal product; yellow, felted needles, m. p. 
61—62° (Found, C, 67-7; H, 77. Cy9H,,0,N, requires C, 67-8; H, 7-4%). 

_ 4!-Nitro-4-dicetylaminoazobenzene, prepared by coupling dicetylaniline with diazotised 
p-nitroaniline in aqueous acetone solution, separates from acetone as bright red crystals, m. p. 
70—71° (Found : C, 76-4, 76-9; H, 10-8, 10-9. C,,H,,0,N, requires C, 76-4; H, 10-8%). 
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The dicetylaniline was obtained by heating cetylaniline (7 g.) with cetyl iodide (7-7 g.) at 
110° for 4 hours. The amines isolated from the reaction product were distilled up to 280°/0-025 
mm. to remove the bulk of the unchanged cetylaniline. The residue was converted into hydr- 
iodide, which was recrystallised several times from methyl alcohol; the base isolated from 
this salt and repeatedly crystallised from methyl alcohol separates from this solvent as small, 
soft, white crystals, m. p. 30° (Found : C, 84:1; H, 13-4. C,,H,,N requires C, 84-2; H, 13-2%). 

Cetylaniline couples with diazotised p-nitroaniline under conditions similar to those used for 
dicetylaniline to give 4-nitro-N-cetyldiazoaminobenzene, pale yellow crystals from alcohol, m. p. 
77° (Found : C, 72-0; H, 9-5. C,,H,,O,N, requires C, 72-1; H, 9-1%). 

Preparation of N-Dialkylarylamines.—Diisoamylaniline. isoAmyl bromide (50 g.) and 
aniline (25 g.) were heated under reflux at 120° for 2 hours and then at 140° for 1 hour. The 
product was treated with an excess of aqueous sodium hydroxide, and the liberated amines, 
after drying, were distilled. The distillate above 190° (43-9 g.) was heated with 25 g. of isoamyl 
bromide for 3 hours at 100° followed by 5 hours at 140°. The amines liberated from this product 
were distilled, the fraction, b. p. 190—270° (37-4 g.), being subjected to a further 7 hours’ heating 
at 150° with isoamyl bromide (25 g.). The amines from this last heating were distilled, and the 
fraction, b. p. >260°, was combined with that from the previous alkylation boiling above 270° 
(yield, 52-3g.). These combined fractions, consisting largely of diisoamylaniline, were converted 
into picrate by warming with picric acid (48 g.) in ethereal solution, and the crude picrate of 
diisoamylaniline was recrystallised to constant m. p. 146° from absolute alcohol (yellow crystals. 
Found: C, 57-5; H, 6-7. C,,H,,N,C,H,O,N, requires C, 57-1; H, 65%). The pure amine 
was liberated from the purified picrate by adding an excess of ammonia and distilling in steam ; 
yield, 21-5 g., b. p. 166—168°/18 mm. 

Diisobutylaniline. This base was prepared and purified similarly. Its picrate separated 
from alcohol as yellow crystals, m. p. 141° (Found: C, 55:2; H, 6-0. C,,H,,;N,C,H,O,N, 
requires C, 55:3; H, 6-0%), and the regenerated base had b. p. 142—144°/21 mm. 

Dimethyl-p-xylidine. p-Xylidine (40 g.) was heated for 5 hours in a boiling water-bath with 
methyl iodide (141 g.) and a solution of 40 g. of anhydrous sodium carbonate in 400 c.c. of water. 
The crude amine, after being separated from the aqueous layer and dried, was heated with 
alcohol (300 g.) and picric acid (68 g.); after standing overnight, the picrate was collected and 
purified by further recrystallisation from alcohol, forming yellow needles, m. p. 159—160° 
(von Braun, Arkuszewski, and Kohler, Ber., 1918, 51, 290, record orange-red needles, m. p. 
158°). The pure regenerated amine (28 g.) had b. p. 198—199°. 

2-Dimethylamino-m-xylene. The methylation was carried out as in the preceding prepar- 
ation, and the product converted directly into picrate; yellow crystals from alcohol, m. p. 154— 
155° (Found, C, 50-6; H, 4:8; N, 14-8. C,,H,,;N,C,H,O,N, requires C, 50-8; H, 4:8; N, 
14-8%). The yield of pure amine, b. p. 82—82-5°/18 mm., was 8-5 g. from 14-2 g. of 2-amino- 
m-xylene. 

o-Chlorodimethylaniline. o-Chloroaniline (25-3 g.), methyl iodide (84 g.), sodium carbonate 
(27 g.), and water (400 c.c.) were heated together in a boiling water-bath for 15 hours. The 
crude product, heated with picric acid (36 g.) in alcohol, furnished a picrate, which after crystallis- 
ation from alcohol had m. p. 133—134° (Found: C, 44:1; H, 3-5; N, 149; Cl, 9-4. 
C,H,,NCI1,C,H,O,N, requires C, 43-7; H, 3-4; N, 14-6; Cl, 9-2%). The regenerated amine 
(18 g.) had b. p. 101—103°/28 mm. 
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296. The Electrical Conductivity of Uni-univalent Salts in Acetone. 
By J. F. J. Dippy, H. O. Jenxins, and J. E. Pace. 


Conductivity measurements have been made upon seven uni-univalent salts in 
acetone, and a diversity of results has been obtained. The A-Vc curves for sodium and 
potassium iodides show good agreement with Onsager’s prediction at low concentrations, 
and A, values have been derived by extrapolation. With other salts, e.g., sodium 
and potassium salicylates, curves of entirely different type have been obtained. 
The results as a whole are believed to be consistent with the general conductivity 
curve whose form is determined by considerations of interionic attraction and ion 
association. Calculations involving the data for the less highly dissociated salts 
show that here ion-duplet formation is governed largely by the mass-action law. 
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Most of the earlier work on the conductivities of uni-univalent salts in acetone was done 
upon relatively concentrated solutions, and the procedure was not refined (e.g., the method 
of successive dilution was usually employed), but the more recent work of Walden, Ulich, 
and Busch (Z. physikal. Chem., 1926, 128, 429), Bauer (Ann. Physik, 1930, 6, 253), and 
Ross Kane (mentioned by Hartley et al., Ann. Reports, 1930, 27, 240; complete details of 
this work have not yet appeared) has provided certain trustworthy data. 

The uni-univalent salts selected for the present investigation have exhibited a diversity 
of behaviour, and although the series is not extensive it reveals a number of noteworthy 
features. Solutions of sodium and potassium iodides are relatively highly conducting ; 
the slope of the curve connecting A with ~c for each salt falls off very gradually as c 
diminishes, although over an appreciable range it appears to be almost constant, and ultim- 
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ately it approaches the theoretical value (1-627 A, + 326-7) for a uni-univalent salt in 
acetone solution at 25°, a number of experimental points being actually situated in this 
region (see Fig. la, where the broken line indicates the theoretical slope); this is an 
improvement on previous data for acetone solutions. In order to evaluate Ag we have 
relied on the points for the very dilute solutions, where it would appear that interionic 
attraction effects are alone operative. Ammonium iodide gives a curve of similar form to 
those of the foregoing salts but is exceptional in that the experimental slope falls 
considerably below the theoretical value. 

The limited region of ideal behaviour may be called “‘ Zone 1 ’’ in order to distinguish 
it from the more extensive region of high slope which we describe as ‘‘ Zone 2,’’ where ion- 
association into duplets, a process believed to be governed by the law of mass action 
(compare Martin, J., 1928, 3270), is considered to occur (Onsager, Physikal. Z., 1927, 
28, 277). The plot lying within this zone is frequently a straight line for the greater part, 
and according to Kraus and Fuoss (J. Amer. Chem. Soc., 1933, 55, 476) this is to be expected 
as an approximation in certain circumstances; thus the Kohlrausch law would seem to be 
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obeyed, with the result that earlier workers in non-aqueous solvents almost invariably 
extrapolated the line, and so derived only ‘‘ apparent ’’ values of Ag. 

The A-*/c curves for sodium and potassium salicylates and silver nitrate present a 
contrast to those of the alkali-metal iodides (see Fig. 1). Here the equivalent con- 
ductivities are very much smaller and for a considerable range increase only slowly with 
increasing dilution but then undergo a sudden rise which continues very rapidly; com- 
putation of A, is impossible here, for inspection shows that Zone 1 is completely absent. 
Sérkov (J. Russ. Phys. Chem. Soc., 1909, 41, 9), working with concentrated solution, failed 
to observe this sudden rise and so obtained an absurdly low value of A, (76-6) for the 
sodium salt. The curves for the salicylates and silver nitrate (Figs. le and 1d) also 
represent Zone 2 of the general conductivity scheme, although a point of inflexion must 
lie between this portion of the zone and that represented by the steep section of the potas- 
sium iodide and sodium iodide plots. Support for the claim that these curves are com- 
parable and have a form attributable to simple ion-association is provided by the fact that 
the data they represent are capable of furnishing satisfactory dissociation constants; ¢.g., 
a constant of 2-05 x 10- can be calculated for potassium iodide by means of Onsager’s 
approximation (loc. cit.), viz., Ag — Agc/K =A -+ xc'; again, for sodium and potassium 
salicylates the values calculated on the basis of the Ostwald dilution formula are reasonably 
constant, data for a typical run on sodium salicylate being : 

TS ceccicmenes ‘SD 94-48 127-7 156-2 192-3 224-0 
Ye 66-01 63-53 59-26 55-08 52-00 

FO eenssycceens 2-46 2-33 2-84 2-91 2-99 3-02 Mean 2-76 
The slight drift in K is probably due to variations in the mobilities of the ions with changing 
concentration, and to the fact that the value of A, (170) was estimated from Walden’s rule 
and by assuming the salicylate-ion mobility in water to be that of the o-methoxybenzoate 
ion [compare Walden, Ulich, and Busch, Joc. cit., and Walden and Birr, Z. physikal. Chem., 
1931, A, 153, 1, who obtained good stoicheiometric constants (10) for alkylammonium 
halides and picrates in acetone and methyl ethyl ketone]. Potassium salicylate gives a 
higher mean dissociation constant, viz., ca. 2-0 x 10+. 

The foregoing claim is supported by a comparison of Figs. 1 and 2, which show the 
similarity of the curves for potassium iodide in acetone and 6-nitro-o-toluic acid in water 
and also the analogy between sodium salicylate in acetone and #-ethylbenzoic acid in water. 
The two acids, investigated by Dippy and Page (J., 1938, 357) and Baker, Dippy, and 
Page (J., 1937, 1774), may be regarded as typical and possess approximate strengths of 
10-7 and 10-° respectively (in water), thus being comparable in extent of dissociation to 
these particular salts in acetone. 

The curves for lithium bromide, ammonium iodide, and sodium iodide (to a less marked 
extent) incorporate the inflexion referred to above; the first curve (Fig. 1b) cannot be 
extrapolated and presents a type intermediate between the salicylates on the one hand 
and sodium and potassium iodides on the other. 

Kraus and Fuoss (J. Amer. Chem. Soc., 1933, 55, 21, 2387) stated that analysis of the usual 
A-V/c curves for a variety of solvents, covering a wide range of chemical constitution and 
dielectric constant, indicates the existence of four well-defined regions, and they postulate 
that all solutions of electrolytes conform to a general conductivity curve. Although the 
first of these regions is the same as Zone 1, the second region differs from our Zone 2 in that 
it extends only to the inflexion point; we believe that the region of simple ion-association 
to neutral duplets reaches beyond this point, well into Kraus and Fuoss’s third arbitrary 
section. It would seem, therefore, that altogether there exist only three distinct zones 


TABLE I. 
Ay. 
‘ Walden, Ulich, 
Salt. Present work. and Busch. Ross Kane. 
SONS aaa 182-5 184-6 190 


Potassium iodide 186 185-6 192 
Ammonium iodide ............ 162 — 208 
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in the complete conductivity curve (this includes, as Zone 3, the neighbourhood of the 
minimum, where triple-ion formation intervenes). 

The low mobility of the ammonium ion indicated by our measurements is in contrast 
to that due to Ross Kane (Table I); his A, data are all considerably higher than ours, 
but not sufficiently so to account for a difference of 46 in the values for ammonium iodide. 
Our data agree reasonably well with those of Walden, Ulich, and Busch for sodium and 
potassium iodides; but if these workers had been able to show that at high dilutions 
the curve conformed to the predictions of Onsager, they would have got lower values of 
Ag. The mobility of the potassium ion is again found to be greater than that of sodium, 
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a feature now well established for these ions in a number of solvents, not only those of a 
hydroxylic character. 

The scope of our work was limited by solubility difficulties, for, apart from the tetra- 

alkyl ammonium halides, etc., the only uni-univalent salts found to dissolve sufficiently in 

acetone are those described here. The ease with which sodium and 

}H potassium salicylates dissolve contrasts sharply with the relative in- 

solubility of the corresponding salts of other common carboxylic acids. 

O—M The intervention of such a structure as (I) might be a factor contributing 

to this (cf. Sidgwick, ‘‘ The Electronic Theory of Valency,”’ 1929, p. 242) ; 

(I) the suggestion implies that the alkali metal is, at least partly, associated 

with phenolic oxygen. The existence of such a covalent form would account, not only 

for the abnormal solubility, but also for the low degree of dissociation of these salts; the 

marked difference in ionisation between potassium iodide and salicylate must be attributed 
to the constitution of the anion. 


EXPERIMENTAL. ‘ 

The Wheatstone bridge network consisted of a 1-m. wire of constantin carrying extension 
resistances which served to increase ten-fold the effective length of the wire. The Cambridge 
standard decade resistances were of low inductance quality and extended to a maximum of 
I megohm. Where cell resistances exceeded 10,000 ohms, the telephones were replaced by 
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a three-valve amplifier of the usual transformer-coupled type which operated a moving-coil 
loud-speaker of the kind used in radio receiving sets. A variable air-condenser (maximum 
capacity — 0-002 uF) was connected in parallel with the standard resistance of the bridge 
circuit in order to balance out the difference in capacity between the conductivity cell and the 
standard resistance; in this way it was possible to secure satisfactory end-points with a sharp 
minimum of sound in measuring up to 250,000 ohms. 

The conductivity cell (Fig. 3), of Pyrex glass, is considered to be an improvement on that 
described by Walden, Ulich, and Laun (Z. physikal. Chem., 1925, 114, 275). The cylindrical 
body has a capacity of approximately 200 ml. and possesses an externally-ground neck covered 
by a closely-fitting glass cap carrying the dipping electrodes. The perforated platinum plates, 


TABLE II. 


104C, Ay. A. 10!C. Ax. A. 104C. Au. Ay. 
Potassium iodide. Sodium iodide. Sodium salicylate. 
0-1770 184-9 182-5 0-2926 =181-5 180-0 005063 137-1 121-1 
0-3687 184-8 182-7 00-4102 =—-177-7 177-2 0-06383 136-8 121-2 
0-3890 184-0 182-0 0-6435 177-5 177-1 0:09913 127-4 116-9 
0-5040 = 183-0 181-2 0-8120 176-5 176-0 0-1601 114-8 108-4 
0-6508 182-0 181-1 0-9829 176-6 176-3 0-2810 102-4 98-91 
0-6993 182-5 181-5 1-250 175-4 175-1 0-3497 97:18 94-32 
0-8650 180-7 179-8 2-477 168-7 168-5 0-4041 96:25 93-78 
0-9448 180-7 179-9 2-961 168-3 168-1 0-4149 93:03 90-59 
1-297 179-4 178-7 3-726 165-7 165-6 0-5299 86-62 84-72 
1-375 179-8 (179-3) 5-570 161-2 161-1 0-5988 85-19 83-52 
1-500 178-4 177-9 10-95 151-8 151-8 0-6905 79-66 78-20 
1-766 177-7 177-2 16-81 146-1 146-1 0-6966 76-83 75-41 
1-920 177-3 177-0 17°81 144-6 144-6 0-9448 67:07 66-01 
2-433 175-9 175-6 K for solvent : (a) 0-098 ; 1-277 64-31 63-53 
2-581 175-4 174-9 (b) 0-110; (c) 0-130. 1-562 59-89 59-26 
2-675 174-8 174-5 1-923 55-62 55-08 
2-873 174-4 174-2 Lithium bromide. 2-240 52-46 52-00 
3-603 172-6 172-3 1-148 133-8 132-7 5-274 37°73 =. 337-51 
5-784 166-8 166-8 5-096 100-7 100-0 « for solvent : (a) 0-0975; 
5-886 164-4 164-4 7-561 92:00 91-52 (b) 0-0655; (c) 0-0975; 
Sees = 1880 1880 8-025 89-30 88-70 (d) 0-0975. 
° . 9 
oe , reg - en . 33-23 55-61 55-51 Potassium salicylate. 
* ib) 00800 (ch DOIN: ” « for solvent : (a) 0-1000; 04062 136-9 133-2 
; : (b) 0-0670. 0-4211 147-3 131-5 
(d) 0-0195; (e) 0-0670. 0-5468 140-0 127-7 
0-7326 134-4 125-3 
1-008 121-9 120-2 
1-075 125-5 119-3 
1-479 116-4 111-9 
1-693 109-9 108-8 
2-834 101-2 98-90 
3-306 93-01 92-51 
3-014 22:95 22-95 5-665 141-9 141-6 7-360 76-00 73-72 
8-475 15-39 15-39 15-95 112-6 112-5 11-07 64-12 64-03 
13-77 14-01 14-01 « for solvent : (a) 0-130; «x for solvent : (a) 0-1760; 
« for solvent : (a) 0-0880; (b) 0-0980. (b) 0-6700.* 
(b) 0-0640; (c) 0-1410. 
* Although the acetone employed in run (b) had a much higher conductivity than usual, the points 
representing runs (a) and (b) lie uniformly on a smooth curve. This can be taken as evidence of the 
satisfactory nature of the solvent correction employed. 
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Ammonium todide. 
0-4830 161-3 160-7 
0-8360 160-6 160-0 
1-635 160-0 159-7 
2-146 159-5 159-3 
2-360 158-0 157-6 
3-313 153-7 153-3 


Silver nitrate. 
0-2285 67-71 67-21 
0-4906 50-17 49-65 
0-8909 38-62 38-30 
1-375 31-51 31-30 
1-985 27-10 27-00 
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each of 8 sq. cm. area and of 24 (wire) gauge thickness, are situated 3 mm. apart, and held 
rigidly by their respective giass tubes and secured further by glass struts. The electrodes are 
covered with grey platinum so as to minimise the effects of polarisation (Whetham, Phil. 
Trans., 1900, 194, 321); in a cell designed for non-aqueous work the plates must be of a 
greater area so as to provide reasonable resistances, consequently the polarisation factor 
becomes more serious. Walden, Ulich, and Laun (loc. cit.) endeavoured to overcome the 
difficulty by giving the electrodes only a light coating of black platinum, but grey platinum 
affords a more stable surface, for the cell constant (0-01950) did not alter perceptibly 
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throughout our work. Calibration of the cell was effected by the “‘ intermediate cell’’ method 
(Davies, ‘‘ The Conductivity of Solutions,” 1933, p. 60), comparison being made with a cell of 
constant ca. 0-07 (determined accurately by using Jones and Prendergast’s data, J. Amer. 
Chem. Soc., 1937, 59, 731), and an aqueous solution of potassium chloride of approximate 
concentration 0-001n (cf. Davies, J., 1937, 432). All measurements were carried out at 
25° + 0-01°. 

Acetone of conductivity quality was required in large amounts, but as it was essential 
that its conductivity should not alter sensibly during the course of a run, intensive drying such 
as that carried out by Carvallo (Compt. rend., 1913, 156, 1757; Ann. Physique, 1914, 1, 171; 
2, 142) (« = 0-00012 gemmho) was not contemplated. A preliminary examination of the effici- 
ency of various drying agents was therefore conducted upon “ AnalaR ”’ acetone. Phosphoric 
oxide had serious disadvantages, for upon addition to acetone in the cold it quickly produced a 
brown colour and heat was generated; after some time the presence of acetaldehyde was 
noticed and mesitylene suspected. Anhydrous potassium carbonate, sodium sulphate, and 
magnesium sulphate were not efficient, but calcium chloride proved suitable from a conducti- 
metric point of view, and the following procedure was adopted. ‘“‘ AnalaR’”’ Acetone was kept 
over finely-ground, fused calcium chloride and a little anhydrous potassium carbonate for at 
least two weeks (excessive standing must be avoided, however, as acetone slowly combined 
with the former salt), then distilled from a Pyrex flask connected to a 3-foot fractionating column 
packed with glass-beads and lagged with cotton-wool. All corks in the apparatus were covered 
with tin-foil. The first runnings were always rejected, and the reserved acetone usually had 
x = 0-06—0-13 gemmho at 25°. The success of this method depends, however, on the use of 
acetone of “‘ AnalaR”’ quality; it was found to be much superior to bisulphite-purified 
acetone as starting material. 

Various workers have suggested that the conductivity of acetone is affected by exposure 
to light. Dutoit and Levier (J. Chim. physique, 1905, 3, 628) state that the conductivity is 
decreased, whereas Jones and Mahin (Z. physikal. Chem., 1909, 69, 402) claim that it increases. 
We found no alteration in the conductivity of dried acetone, but that of ‘“‘ AnalaR ”’ acetone 
diminished with time, although only while standing in the cell, and this is attributed to 
adsorption of impurities by the platinised electrodes; no such behaviour was observed with 
conductivity acetone. In the present work all flasks containing acetone were covered with black 
cloths, and the thermostat was enclosed with a black hood. 

In each run the procedure was to add a known weight of acetone to the dry cell so as com- 
pletely to cover the electrodes, and the conductivity determined accurately for solvent-correction 
purposes. A small quantity of stock salt solution (ca. N/100) was then added from a weight- 
burette (see below) to the cell by removing the stopper in the cap, and the contents were stirred 
by rotating the electrodes. The concentration (wt./vol.) of the resultant solution can be cal- 
culated by assuming the density of the solution to be that of acetone (a usual assumption 
in such work), the concentration of the stock solution (wt./wt.) being known accurately (about 
500 g. are made up). Before measurement was made, the cell was kept in the thermostat for 
15 minutes. By adding further quantities of stock solution from the weight-burette a series 
of dilutions were obtained. The values of A, quoted in the Table II have been derived by sub- 
tracting the specific conductivity of the solvent from that of the solution in each case (A,, signifies 
uncorrected equivalent conductivity); « is recorded in gemmhos, and C is g.-equivs./I. 

The weight-burette, of 60 ml. capacity, was fitted with a vertical tap at the lower end, the 
jet of which could be closed by a well-fitting ground-glass drip-tube. The amount run into 
the cell was determined by weighing the burette before and after each operation. The tap was 
lubricated with a special mixture of white vaselin and paraffin-wax previously washed with 
acetone (after examining several substances this was found to be the most efficient lubricant). 
All other ware was of Pyrex glass dried at 130° in an electric oven; ‘‘ AnalaR ”’ acetone was 
used for allrinsings. The balances and other equipment, such as the valve oscillator (frequency, 
1000 cycles/sec.), were those already described by Dippy and Williams (J., 1934, 161). 

The salts, from British Drug Houses, were all further purified by crystallisation from 
conductivity water, except the salicylates, which were treated like other organic salts (see 
Dippy and Williams, Joc. cit.). Filtration was conducted on a hardened filter-paper in a glass 
Buchner funnel, and drying effected in a vacuum desiccator in the dark. 


Grateful acknowledgement is expressed to Imperial Chemical Industries Ltd. for a grant 
to this department and to Dr. H. B. Watson for helpful discussion. 
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de Gaouck and Le Févre: 


Alleged Geometrical Isomerism in Certain Anils, and the Dipole 
Moment of Phenanthridine. 


By V. pE Gaouck and R. J. W. Le FEvre. 


The red and the yellow forms of ~-homosalicylideneaniline and ethyl salicylidene- 
p-aminobenzoate have identical polarities in benzene solutions; their differences are 
therefore probably due to dimorphism and not geometrical isomerism in the Hantzsch- 
Werner sense. The dipole moments of phenanthridine and benzophenoneanil are 
recorded and discussed in relation to the suggestion previously made that 
benzylideneaniline has a trans-structure. 


VERY few claims have been made for the isolation of anils, RCCH:NR’, in two geometrically 
isomeric pairs. We have already reported (J., 1938, 741) that the two crystallographically 
distinct varieties of salicylideneaniline (Anselmino, Ber., 1907, 40, 3465) become identical 
when dissolved in benzene, and now we record data relating to two further instances in 
which the physical differences between the solid forms are greater than with salicylidene- 
aniline. The first is p-homosalicylideneaniline, which exists in an orange-red and a yellow 
form, rapid crystallisation with cooling producing the latter, and slow crystallisation above 
32°, the former; the yellow may be irreversibly transformed into the red modification by 
application of heat, and Anselmino (loc. cit.) found slight differences between their 
absorption spectra. The second instance is ethyl salicylidene-p-aminobenzoate, which 
likewise exists in a yellow and a red form (Manchot and Furlong, Ber., 1909, 42, 3030); the 
former is obtained by mixing concentrated alcoholic solutions of the components and 
quickly crystallising the product, the latter by slow crystallisation from a diluted solution 
of the anil. The yellow crystals are 6-sided tables, m. p. 87-5°, and the red are long prisms 
with rectangular ends, m. p. 83° (followed by immediate solidification and reversion to 
the yellow variety, m. p. 87-5°). Ebullioscopically and cryoscopically both forms are 
unimolecular in benzene. - 

If the underlying cause of such differences were isomerism of the Hantzsch-Werner 
type, the forms would be unlikely to have the same dipole moments. The measurements 
tabulated below were therefore made. They indicate that, in benzene solution, the polar- 
ities of the red and yellow pairs are—in both cases—identical. 


EXPERIMENTAL. 


Measurements.—These relate to solutions in benzene. The apparatus and methods used are 
described in ‘‘ Dipole Moments” (Methuen, 1938, pp. 29—35). In the following tables the 
symbols used are: w, the weight fraction of the solute in a solution, ¢ the dielectric constant of 
the solution at a frequency ca. 1200 kc., d the density of the solution compared with dj" for 
benzene = 0-87378, p the specific polarisation of the solution, and ,P,, the total polarisation of 
the solute at infinite dilution. The last two quantities have been calculat_d, since the densities 
and dielectric constants of the solutions show rectilinear dependence upon the concentration, 
i.e. (subscripts 1 and 2 being used to denote solute and solvent respectively), d = d,(1 + Bw) 
and ¢ = ¢,(1 + aw,). The specific polarisation at infinite dilution is then obtained from 
the equation p, = p,(1 — B) + Caeg, where py = (eg — 1)/(eg + 2)d, and C = 3/d,(e, + 2)?. 
Where M is the molecular weight of the solute, the total molecular polarisation at infinite 
dilution is given by -P_, = Mpc.c. The refractive indices and specific and molecular refractions 
respectively are given under u?", 7,,, and [Rz]p, the last constant being obtained from the 
expression [Rzjp = M[r_ + (712 — 12)/@1)- 

From these data we infer that in these cases, like that of salicylideneaniline, only one 
molecular species is present in each solution, and the alleged ‘‘ isomerism ”’ is really due to 
dimorphism, such as that which must be responsible for the two forms of benzophenoneanil 
(Knoevenagel, J. pr. Chem., 1914, 89, 38) for which no geometrical isomerism is possible, or a 
phenomenon similar to that studied by Hertel and Schneider (Z. Elektrochem., 1931, 37, 536), 
who report that the molecular compound 4-bromo-l-naphthylamine-2 : 4-dinitrophenol has 
many points of behaviour in common with the above anils; ¢.g., it occurs as two forms, red, 
m. p. 85°, and yellow, m. p. 91°, distinguished from one another by their crystal habits and 
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X-ray diffraction patterns; the lattice changes completely when the red (unstable) modification 
passes into the yellow (stable) form. . 

The trans-Siructure of Benzylideneaniline.—Our opinion (J., 1938, loc. cit.) that the single 
known benzylideneaniline is the trans-form depended only upon the identity of moment found 
for it and its pp’-dichloro-derivative. The numerical value of this property is of little help 


1000w,. cap. ac. a. Bay. ny. Tis [Rz]p. 


Benzene. 
— 0-87378 — 1-49724 0-33503 


p-Homosalicylideneaniline (yellow form). 


4-60 0-87460 0-180 1-49791 0-33509 
5-00 0-87496 0-186 1-49800 0-33501 
5-03 0-87517 0-197 1-49829 0-33509 
5-08 0-87520 0-190 1-49832 0-33507 


p-Homosalicylideneaniline (red form). 
4-40 0-87467 0-184 1-49790 0-33506 
5-05 0-87480 0-174 1-49806 0-33510 


4-36 0-87502 0-181 1-49825 0-33513 
5-25 0-87511 0-186 1-49836 0-33516 


Ethyl salicylidene-p-aminobenzoate (yellow form). 


3-22 0-87494 0-255 1-49784 0-33492 
3-20 0-87521 0-213 ~~ =1-49800 0-33491 
3°84 0-87576 0-230 1-49820 0-33488 
(4-20) 0-87564 0-215 1-49828 0-33491 


Ethyl salicylidene-p-aminobenzoate (ved form). 


3-22 0-87490 0-261 1-49786 0-33495 
3-40 0-87492 0-201 1-49820 0-33500 
3°35 0-87541 0-222 1-49820 0-33495 
3-70 0-87563 0-218 1-49836 0-33496 


Mean values and results. 


tT. ([Ri]p 
M aé,. Bay. (c.c.)... (C.C.). 


p-Homosalicylideneaniline (yellow form) ............ 211 4-93 0-188 252-1 71-90 
Ad CRO SOE) nccccnccsccascs BEE 4:77 0-181 246-5 71-90 

Ethyl salicylidene-p-aminobenzoate (yellow form) 269 3-42 0-228 241-68 91-66 
me “a (red form) ... 269 3°44 0-225 241-68 91-66 


in this case since it is clear from simple vectorial additions that no great differences between 
resultant polarities are to be anticipated for structures (I) and (II). Ifthe following be assumed : 
Upr—pw = 15, poy pn = C4. 0-2 (Cf. Upnenanthrener Briegleb, Z. physikal. Chem., 1932, B, 16, 
276), Uoow = 2 (cf. our determination Of pyensophenoneanty P- 1394), all angles = 120°, it is evident 
that the moment of the cis-form might even be slightly less than that of the trans. 

In connexion with this point we have now examined the dipole moment of phenanthridine 
(III), since this should clearly be of the order to be expected for the lacking cis-modification 


1-5 
\ 

N As 
CH 1 


0-2 


Phy! 
Ph-CN : sy 
_ CH 
C,H, 02% Ph 


(I.) (IT.) (III.) 


Baund ...sccccsccoscsece By ? 1-55 
Cake. — ccocceccscccccoces * AD 1-6 1-6 


(II) of (I). The values actually found for (I) and (III) are compared beneath their formule 

with those estimated from the data quoted above, and are seen to differ in the sense forecast. 
Finally, regarding the relative stabilities of types (I) and (II), if these are in fact so widely 

different that at ordinary temperatures all anils occur in one form only, then the development 
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of an equilibrium between the geometrical isomers in a given case will require a high temperature. 
Now, the pyrogenetic formation of phenanthridine from benzylideneaniline is obviously less 
likely to occur by the loss of 2 atoms of hydrogen from (I) than from (II); of interest therefore is 
Pyl’s observation (Ber., 1927, 60, 287) that below 700° the thermal decomposition of benzylidene- 
aniline gives mainly benzonitrile and benzene and only at higher temperatures (? when the 
tvans-cis-inversion becomes notable) does the production of phenanthridine become appreciable. 

Dielectric Polarisation Data for Phenanthridine and Benzophenoneanil.—The measurements 
recorded below were obtained with specimens of phenanthridine and benzophenoneanil prepared 
as described respectively by Pictet and Ankersmit (Annalen, 1891, 266, 142), m. p. 104°, after 
crystallisation from aqueous alcohol, and Reddelien (Ber., 1909, 42, 4760), m. p. 112° after 
crystallisation from absolute alcohol. 


100w,. eas. ae. ae Bas. np Tr»: [Rz]p. 
0 2-2725 ~ 0:87378 om 1-49724 0-33503 sage 
Phenanthridine. 


0-1930 2-2760 1-80 0-87421 0-223 — _— — 
0-2657 2-2776 1-92 0-87439 0-229 _— — — 
0-2659 2-2774 1-84 0-87438 0-226 — — — 
0-2741 — — 0-87440 0-225 1-49759 0-33499 61-1 


whence 7P,, = 107-6 c.c., [Rz]p = 61, and » = 1-5, (for comparison the corresponding data for 
benzylideneaniline are 112-6, 61-6, 1-5, respectively). 


’ Benzophenoneanil. 


2-861 2-3343 2-16 0-87934 0-194 [Rz]p, calc. from H = 1-1, C,H, = 
4-690 2-3719 2-12 0-88293 0-195 26, and benzylideneaniline = 62, 
5-503 2-3875 2-09 0-88451 0-195 86 c.c. 


whence 7P,, = 170-7 c.c. and p = 2-03. 


Previous Measurements on Benzophenoneanil.—Bergmann (Ber., 1932, 65, 446) reports 
(eP 12-7 = 186 c.c., and wp = 1-97; Hampson (Table of Dipole Moments, Trans. Faraday 
Soc., 1934, 30, Appendix) gives (7P,,)s5- = 167 c.c., which is in good agreement with that now 
found by us. 


The authors are grateful to Dr. G. S. Whitby, Director of the Chemical Research Laboratory, 
Teddington, for the loan of a specimen of phenthridine nitrate, and also to the Chemical Society 
for grants. 
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298. Experiments on the Synthesis of Substances related to the Sterols. 
Part XXVII. The Synthesis of x-Noroestrone. 


By Str RoBert Rosinson and H. N. Rypon. 


The conversion of the readily accessible ketocyclopentenophenanthrene compounds 
described in Part XXI (Robinson, J., 1938, 1390; cf. Koebner and Robinson, ibdid., 
p. 1994) into hydro-derivatives closely related to oestrone cannot conveniently be 
accomplished by direct hydrogenation. 4: 7-Dimethoxy-3’-keto-1 : 2-cyclopenteno- 
phenanthrene was converted into its hydroxymethylene derivative (VII) and then into 
the dibasic acid (IX). Hydrogenation of the related dimethyl ester (XI) afforded an 
octahydrodemethoxy-acid (XIV) which, on ketonisation, yielded x-noroestrone methyl 
ether (XV; R = Me); the latter has been converted into x-noroestrone (XV; R = H), 
characterised by its acetyl derivative. The physiological properties of the last two 
substances are being investigated. 


TuE starting material for the synthesis was 6-methoxy-2-acetylnaphthalene (I) ; a modifica- 
tion of the method of preparation due to Haworth and Sheldrick (J., 1934, 864) which has 
given good results on a large scale is described in the experimental section. Haworth 
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and Sheldrick (/oc. cit.) converted this ketone into 6-methoxy-$-naphthoic acid, but in 
view of its importance for our purposes it was thought desirable to obtain further con- 
firmation of its constitution. It was accordingly transformed into 2 : 6-dimethoxy- 
naphthalene (III) by the following series of operations : 


OMe CMe —> HAc OMe 
—> Me N-OH Me —> Me 
(II.) (III.) 


In addition to identifying the end-product with an authentic specimen, the intermediary 
2-acetamido-6-methoxynaphthalene (II) was shown to depress the m. p. of the 2:7- 
isomeride. 

Our first experiments were concerned with the direct hydrogenation of compounds of 
type (IV). The dimethoxy-compound (IV; R= Me) and the methoxy-phenol (IV; 
R = H) were not suitable for this purpose, but some interesting results were obtained by 
the hydrogenation of the methoxy-acetate (IV; R = Ac) in the presence of Adams’s 
catalyst in acetic acid at 70°. Three crystalline products were obtained; two of these, 
obtained in small amount by treating the hydrogenation product with solvents, proved to 
be the dihydro-compound (V; R = Ac) and the corresponding phenol (V; R =H). The 
third product was obtained from the hydrolysed or a product. It was isolated 
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(IV.) (V.) (VI.) 


by direct precipitation with light petroleum and also as its p-nitrobenzoate and digitonide ; 
analysis showed it to be a hydroxymethoxytetrahydrocyclopentenophenanthrene. It 


was extremely resistant to oxidation, being recovered unchanged after treatment with 
chromic acid in acetic acid and from an attempted oxidation by Oppenauer’s method. 
Since a 3’-hydroxyl should be readily oxidised to carbonyl, the substance is regarded as 
4-hydroxy-7-methoxy-1 : 2: 3 : 4-tetrahydro-1 : 2-cyclopentenophenanthrene (V1). It is well 
known that carbonyl groups adjacent to an aromatic nucleus are completely reduced with 
the greatest of ease (cf. Vavon, Compt. rend., 1912, 155, 287; Zelinsky, Packendorff, and 
Leder-Packendorff, Ber., 1933, 66, 872; 1934, 67, 300; Cook, Hewett, and A. M. 
Robinson, this vol., p. 168). 

Distillation of the oily hydrolysed hydrogenation product gave two fractions of low 
oxygen content. Both of these were dehydrogenated by heating with palladised charcoal. 
The lower-boiling fraction gave a product, which was identified as 1 : 2-cyclopenteno- 
phenanthrene by mixed m. p. with an authentic specimen. This affords a valuable proof 
of the correctness of the structure put forward in Part XXI for compounds of type (IV) 
which contain a methoxyl group in position 7. The dehydrogenation product of the higher- 
boiling fraction was a mixture of cyclopentenophenanthrene and a methoxycyclopenteno- 
phenanthrene. It was not possible to obtain the latter absolutely pure, but strong 
evidence that it was the 7-methoxy-compound was obtained by mixed m. p. determinations 
of the methoxy-compound and its trinitrobenzene complex with authentic specimens. 
This may be regarded as experimental evidence for preferential de-oxygenation at the 
4-position in the hydrogenation of 4 : 7-dihydroxyphenanthrene derivatives. 

Owing to the unpromising results obtained in these direct hydrogenation experiments 
it became evident that, in order to obtain the desired 3’-keto-compounds, it would be neces- 
sary to open the five-membered ring before proceeding with the hydrogenation. Two 
methods seemed likely to lead to the desired result. 

The dimethoxy-compound (IV; R = Me) was readily converted into the 2’-isonitroso- 
derivative by the action of ssoamyl nitrite in the presence of potassium éert.-butoxide. 
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It had been intended to convert this compound into the corresponding dimethoxy- 
phenanthrenecarboxylic acid by the modified Beckmann process used by Litvan and 
Robinson (J., 1938, 2000) in the case of isonitroso-oestrone methyl ether. After reduction 
the five-membered ring could then have been resynthesised by the methods used by Litvan 
and Robinson (loc. cit.). In view, however, of the success of the shorter route, based on the 
transformations (VII) —~ (IX), this method was not pursued further. 

The preparation of the hydroxymethylene derivative (VII) was complicated by the ease 
with which it passed into the condensation product (X) (cf. 2-formyl-l-hydrindone; Ruhe- 
mann and Levy, J., 1912, 101, 2549). The latter was the sole product from the 
dimethoxy-compound (IV; R = Me) and isoamyl formate in the presence of potassium 
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tert.-butoxide, and very little reaction occurred under the conditions used by Bardhan (J., 
1936, 1851) in the case of oestrone methyl ether. Success was finally achieved by using 
ethyl formate in pyridine solution with alcoholic sodium ethoxide as catalyst. 

The action of hydroxylamine hydrochloride on the hydroxymethylene derivative (VII) 
in alkaline solution (cf. Lapworth, J., 1900, 77, 1058; Bardhan, Joc. cit.) was unsatisfactory, 
and the cyano-ketone (VIII) was prepared, albeit in an impure condition, by treating the 
hydroxymethylene derivative with hydroxylamine hydrochloride in acetic acid (cf. cyano- 
camphor; Bishop, Claisen, and Sinclair, Annalen, 1894, 281, 314). Prolonged hydrolysis 
with concentrated aqueous-alcoholic potassium hydroxide yielded 4 : 7-dimethoxyphen- 
anthrene-1-B-propiontc-2-carboxylic acid (IX) which was converted into its dimethyl ester 
(XI) and purified by means of an alumina column. 

This ester was hydrogenated at 70° in acetic acid by using Adams’s catalyst. Hydrolysis 
of the product, followed by fractional crystallisation, first from benzene and then from 
dilute acetic acid, yielded three saturated acids. These are tentatively regarded as 4: 7- 
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dimethoxy-9 : 10-dihydrophenanthrene-1-6-propionic-2-carboxylic acid (XII), 4 : 7-dimethoxy- 
1:2:3: 4-tetrahydrophenanthrene-1-B-propionic-2-carboxylic acid (XIII), and 7-methoxy- 
1:2:3:4:9:10:11: 12-octahydrophenanthrene-1-B-propionic-2-carboxylic acid (XIV). 
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These constitutions are admittedly not yet proven; they are based on the following 
analogies : , 

(i) The simple picture of the hydrogenation of phenanthrene to the 9 : 10-dihydro-, 
the 1:2:3:4+tetrahydro-, and the 1:2:3:4:5:6:7: 8-octahydro-compounds, 
successively, afforded by the work of Schroeter (Ber., 1924, 57, 2025; Schroeter, Miiller, and 
Huang, ibid., 1929, 62, 645) has been shown to be inadequate, as regards the octahydro- 
derivative, by Durland and Adkins (J. Amer. Chem. Soc., 1938, 60, 1501), who found that a 
change in the experimental conditions caused the formation of considerable amounts of the 
1:2:3:4:9:10: 11: 12-octahydro-compound. 

(ii) It has been shown by Schroeter (Amnalen, 1922, 426, 83; cf. Hiickel, ibid., 1927, 
451, 109) that «-naphthol undergoes de-oxygenation on catalytic hydrogenation more 
readily than does $-naphthol. Further, van Durzee and Adkins (J. Amer. Chem. Soc., 
1935, 57, 147) have shown that benzyl ethers readily undergo fission to toluene and an 
alcohol on catalytic hydrogenation. For these reasons it is to be expected that the 
4-methoxyl group would be preferentially eliminated in the hydrogenation of (XI) and 
(XIII). The same deduction may be made from the experimental evidence that it is a 
group in this position that is preferentially eliminated in the hydrogenation of the methoxy- 
acetate (IV; R = Ac). 

(iii) m-Hydroxybenzoic acid is readily hydrogenated to the hexahydro-compound 
under very mild conditions (Balas and Kosik, Casopis Ceskoslov. Lek., 1927, 7, 136; Balas 
and Srol, Coll. Czech. Chem. Comm., 1929, 1, 658) and the hydroxy] group is then eliminated 
(Edson, J. Soc. Chem. Ind., 1934, 53, 138T). These results indicate a considerable increase 
of reactivity towards hydrogen in an aromatic nucleus carrying a carboxyl group, and a 
similar effect might be expected in ring C of the ester (XI). Consideration of Baeyer’s 
classical work on the reduction of phthalic acid and other benzene derivatives leads to the 
same conclusion. Since the acid (XIV) can contain only one benzene nucleus and is the 
methyl ether of a phenol, there is only one alternative formula, and this is a highly improbable 
one, for it would necessitate the assumption that the nucleus bearing the carboxyl group 
remains unattacked, while all the other nuclei are preferentially reduced. 

Since it has been shown that the hydrogenation of naphthalene in the presence of a 
platinum catalyst and in acetic acid solution yields exclusively cis-decalin (Willstatter 
and Seitz, Ber., 1924, 57, 683), it is probable that the reduced rings in the octahydro- 
demethoxy-acid (XIV) are fused in the cis-position. Application of the Auwers-Skita 
rule would also indicate a cis-configuration for the acidic side chains. 

By pyrolysis of the lead salt in a vacuum the acid (XIV) was readily ketonised to 
x-noroestrone methyl ether (XV ; R = Me). [The prefix “ x ”’ is used to indicate indeterminate 
stereochemical configuration (cf. Koebner and Robinson, J., 1938, 1994) but, on the basis 


Q 


MeoZ 
(XV.) f , AN 
R Meo, | 
\ \ 


of the above arguments, the substance probably has the c#s-cis-configuration.] This 
methoxy-ketone was readily demethylated to a keto-phenol, x-noroestrone (XV; R = H), 
which, with acetic anhydride in pyridine, yielded x-noroestrone acetate (KV; R = Ac). 

The dihydro-acid (XII) was readily ketonised in the same way, yielding 4 : 7-dimethoxy- 
9 : 10-dihydro-3'-keto-1 : 2-cyclopentenophenanthrene (XVI), but the reaction failed with the 
tetrahydro-acid (XIII), probably owing to partial elimination of methyl alcohol during the 
pyrolysis. 

By the action of ethyl sulphate the methoxy-phenol (IV; R = H) was converted into 
the methoxyethoxy-compound (VI; R = Et). This was submitted to a series of reactions 
precisely similar to those described above for the dimethoxy-compound yielding, finally, 
methyl 7-methoxy-4-cthoxyphenanthrene-1-B-propionate-2-carboxylate (XVII). It was hoped 
that it would prove possible to isolate from the hydrogenation product of this ester the 

4y 
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octahydrodemethoxy-acid (XIV) and thus obtain conclusive proof of the structure of the 


Eto” \CO,Me Et 0,H 


| len? .cH.. 
(XVI) NN CH,°CO,Me a \ H CH,°CO,H (XVIII) 
) MeO 


MeO AY A4 

latter. Unfortunately, the experimental difficulties of separation were much greater than 
in the dimethoxy-series and the only reduced acid isolated in a state approaching purity 
was 7-methoxy-4-ethoxy-1 : 2:3 : 4-tetrahydrophenanthrene-1-B-propionic-2-carboxylic acid 
(XVIII). Careful search failed to reveal the presence of any of the desired acid (XIV) or 
of any other de-oxygenated material. 

7-(8-6’-Methoxynaphthyl)-4 : 7-diketoheptoic acid was readily demethylated by 
refluxing with a mixture of acetic and hydrochloric acids. The resulting 7-(8-6’-hydroxy- 
naphthyl)-4 : 7-diketoheptoic acid (XIX) was cyclised by hot alkali to 3-(6’-hydroxy-8- 
naphthyl)-A?-cyclopentenone-2-acetic acid (XX), which was, in turn, cyclised with acetic 


CH, CO 
‘ CH, 9 
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€0,H CH, ‘CH, A ROW 
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anhydride to 4: 7-diacetoxy-3'-keto-1 : 2-cyclopentenophenanthrene (XXI; R= Ac). 
Experiments on the hydrogenation of this substance with Adams’s catalyst in acetic acid 
gave no useful results. The diacetate was hydrolysed to the diphenol (XXI; R =H), 
which on methylation gave the dimethoxy-compound (IV; R = Me). 

In connexion with another projected synthesis of cyclopentenophenanthrene derivatives, 
y-m-methoxyphenylpropyl iodide, the preparation of which from the chloride (Robinson 
and Schlittler, J., 1935, 1290) has been improved, was condensed with ethyl cyclopentanone- 


O O 
Y’) y ) 
m-OMe-CgHyCH,’CHyCHy—|—— m-OMe:C,H,°CH,*CH,*CH, 


(X XII.) CO,Et (XXIIL.) 


2-carboxylate and the resulting keto-ester (XXII) converted, by hydrolysis to the adipic 
acid followed by ketonisation, into 2-(y-m-methoxyphenylpropyl)cyclopentanone (XXIII). 
Related to the subject matter of this communication is a very recent paper by Dane and 
Eder (Annalen, 1939, 539, 207), who have prepared an adduct from 6-methoxy-1l-vinyl- 
3 : 4-dihydronaphthalene and cyclopentenone. The ketone obtained might be dehydro-x- 
noroestrone methyl ether (XXIV) or the isomeride (XXV). If, as seems probable, the 


co 
\GH, CH, 


(XXIV.) Wz H, YN he, (XXV.) 
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Diels reaction is initiated by the coupling of the more anionoid end of the diene system with a 
cationoid 8-carbon atom of a catio-enoid system, then the choice between these alternatives 
can be made if we can locate the more reactive anionoid carbon atom in the methoxy- 
vinyldihydronaphthalene. The circumstances are somewhat complex in this cross-con- 
jugated system and the most that can be said is that the more aliphatic site of the vinyl 
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group favours (XXV), whereas the combined effect of two unsaturated conjugated centres 
on the naphthalene double bond, as well as the influence of the methoxyl group and any 
steric factor, favours (XXIV). 


EXPERIMENTAL. 
6-Methoxy-2-acetylnaphthalene (1).—The following modification of Haworth and Sheldrick’s 
method (Joc. cit.) has yielded consistently good results. 

Powdered aluminium chloride (200 g., Judex brand) is dissolved in nitrobenzene (1200 c.c.) ; 
2-methoxynaphthalene (192 g.) is added followed by acetyl chloride (120 g.) introduced during 
20 minutes with mechanical stirring and ice-cooling. After being kept in ice for 3 hours, and then 
at room temperature for 48 hours, the product is poured on to crushed ice (1000 g.), mixed with 
concentrated hydrochloric acid (400 c.c.) and water (400 c.c.), with good stirring. After being 
washed twice with water by decantation, the nitrobenzene is removed completely by steam- 
distillation. When cold the solid residue is broken up, collected, dried, and distilled. The 
fraction, b. p. 175—185°/0-8 mm., is poured, while molten, into methyl alcohol (300 c.c.). The 
almost pure ketone crystallises on cooling (yield about 120 g.). 

This product (5 g.) was refluxed on the water-bath for 105 minutes with methyl alcohol 
(30 c.c.) and a concentrated aqueous solution of hydroxylamine hydrochloride (1-75 g.) and 
crystallised sodium acetate (3-4 g.). The oxime (5-2 g.; 97%) separated on cooling and addition 
of water; it crystallised from aqueous methyl alcohol in hexagonal plates, m. p. 169—170° 
(Found: N, 6-4. C,;H,,;0,N requires N, 6-5%). 

The oxime (1 g.) was suspended in dry ether (20 c.c.), gradually treated with phosphorus 
pentachloride (1 g.) with shaking, and kept at room temperature for 15 minutes; ether (10 c.c.) 
was added, and the mixture refluxed on the water-bath for 30 minutes. The ether was then 
evaporated, and the residue decomposed with ice-water; two crystallisations of the product 
from aqueous methy] alcohol yielded 6-acetamido-2-methoxynaphthalene (II) as colourless needles, 
m. p. 162—163° (Found: N, 6-5. C,,;H,,;0,N requires N, 6-5%). The m. p. was depressed to 
118—123° on admixture with an authentic specimen of 7-acetamido-2-methoxynaphthalene. 

The crude acetamido-compound (2 g.) was refluxed for 50 minutes with concentrated 
hydrochloric acid (15 c.c.) and water (5 c.c.). The cooled solution was diluted, and made just 
alkaline with sodium hydroxide; the precipitated phenol was collected and crystallised from 
water (0-8 g.; m. p. 180—190°). This was dissolved in water (20 c.c.) and concentrated hydro- 
chloric acid (4 c.c.) and diazotised (ice-cooling) by adding a concentrated aqueous solution of 
sodium nitrite (0-5 g.). The solution was poured into boiling water and boiled for a few minutes. 
The tarry precipitate was collected and extracted twice with boiling methyl alcohol (5 c.c.). 
Methyl sulphate (1 c.c.) was added to the cooled, filtered extract, followed by 10% sodium hydr- 
oxide solution (5 c.c.) added dropwise with shaking. Steam-distillation yielded 2 : 6-dimethoxy- 
naphthalene (III) in leaflets which, after vacuum sublimation, had m. p. 145—148°, mixed m. p. 
with an authentic specimen, 146—149°. 

4 : 7-Dimethoxy-3'-keto-1 : 2-cyclopentenophenanthrene.—3-(6'-Methoxy-$-naphthy]l)-A?-cyclo- 
pentenone-2-acetic acid (Robinson, Joc. cit.; Koebner and Robinson, Joc. cit.) was converted into 
4-acetoxy-7-methoxy-3’-keto-1 : 2-cyclopentenophenanthrene (IV; R = Ac) by the following 
modification of the method previously described. A mixture of the remethylated cyclopentenone 
acid (45 g.) and acetic anhydride (335 c.c.) was refluxed for 30 minutes. The dark mass remain- 
ing after 190 c.c. of solvent had been distilled was broken up under benzene, filtered off, washed 
with benzene, and dried in a vacuum desiccator. The product (37 g.; 74%) had m. p. 241—242° 
and was sufficiently pure for preparative purposes. 

The corresponding phenol (6 g.), prepared in the usual way, was heated on a steam-bath for 
5 hours with hydroxylamine hydrochloride (3 g.) and pyridine (50 c.c.). The oxime, which 
separated on cooling and dilution with water, crystallised from acetic acid—pyridine—water in 
needles, m. p. 268° (Found: N, 4:4. C,sH,,0,;N,H,O requires N, 4:5%). 

It was found convenient to prepare the dimethoxy-compound (IV; R = Me) directly from 
the methoxy-acetate. 22 G. of the latter were refluxed on the water-bath for 14 hours with 
sodium hydroxide (13 g.) in water (26 c.c.) and ethyl alcohol (320 c.c.). The mixture was then 
stirred mechanically and heated in a water-bath at 60° while methyl sulphate (20 c.c.) was added 
during 10 minutes. Stirring and heating were continued while three batches of 10% sodium 
hydroxide solution and 10 c.c. of methyl sulphate were added alternately during 25 minutes. 
The dimethoxy-compound, which separated on cooling and dilution, was collected, washed, and 
dried ; it was sufficiently pure for preparative purposes (yield, 19-5 g. or 97%). 
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Hydrogenation of the Methoxy-acetate (IV; R = Ac).—(i) The methoxy-acetate (6-4 g.), 
suspended in acetic acid (130 c.c.), was stirred in hydrogen at 70° in the presence of Adams’s 
catalyst (0-3 g.). 4 Mols. of hydrogen were taken up in 26 hours. After filtration from the 
catalyst and removal of the solvent under reduced pressure, the product was treated with 
methyl alcohol (40 c.c.)._ The solid which separated (1-5 g.) was crystallised, first from aqueous 
acetic acid and then from ethyl acetate. 0-2 G. of a new product, crystallising from ethyl 
acetate in prismatic needles, m. p. 139—140°, was obtained; analysis indicated that this should 
be 4: 3’-dihydroxy-7-methoxy-1 : 2-cyclopentenophenanthrene (V; R =H) (Found: C, 77:1; 
H, 5-7. CygH,,O, requires C, 77-1; H, 5-7%). 

In a similar experiment the hydrogenated product was triturated with light petroleum 
(b. p. 40—60°); a solid separated, and two crystallisations from methyl alcohol yielded 
3'-hydroxy-4-acetoxy-7-methoxy-1 : 2-cyclopentenophenanthrene (V; R = Ac) in feathery needles, 
m. p. 145° (Found: C, 75-0; H, 5-1. C,).H,,O, requires C, 74:5; H, 5-6%). 

(ii) The methoxy-acetate (9-6 g.) was hydrogenated as described above; 5 mols. of hydrogen 
were taken up in 24 hours. After removal of the catalyst by filtration, and evaporation of the 
solvent under reduced pressure, the residue was refluxed on the steam-bath for 5 hours with 
potassium hydroxide (5 g.), water (5 c.c.) and methyl alcohol (50 c.c.). The product was added 
to water, extracted with ether, dried, and distilled, giving fractions (a) b. p. 175—195°/0-2 mm. 
and (b) b. p. 200—220°/0-3 mm., 1-7 g. 

1 G. of (6) was dissolved in absolute alcohol (30 c.c.) and warmed with digitonin (1 g.) in 
80% alcohol (50 c.c.). The digitonide that separated on keeping overnight was collected, and 
the filtrate treated with more digitonin. Several treatments gave, in all, 2-6 g. of digitonide. 
This was decomposed by solution in pyridine (40 c.c.); the digitonin was precipitated with ether 
(150 c.c.) and centrifuged. The ethereal solution was washed with water and dilute acid, dried, 
and evaporated. The residue (0-5 g.) was crystallised from light petroleum (b. p. 80—100°) 
and then had m. p. 140—141°; a mixed m. p. showed it to be the alcohol (VI). 

Fraction (a) was redistilled, giving 2 g., b. p. 178—182°/0-15 mm., ml! 1-5764 (Found: 
C, 86-9; H, 7-1%) (corresponding to C,,H,,O0, but the material is probably a mixture). This was 
heated with 0-2 g. of 10% palladised charcoal at 280—300° for 40 minutes and then at 330— 
360° for an hour, hydrogen being evolved vigorously. After cooling, the solid residue was taken 
up in ether, filtered, the ether evaporated, and the residue crystallised from aqueous alcohol, 
yielding a mixture of eyclopentenophenanthrene (80%) and a methoxycyclopentenophenanthrene 
(20%) (Found: C, 92-3; H, 6-5. Calc. for C,,H,,: C, 93-6; H, 64%. Calc. for C,,H,,O: 
C, 87-1; H, 64%). 100 Mg. were treated in alcohol with 0-2 mol. of 1 : 3 : 5-trinitrobenzene ; 
an additive compound separated in orange needles, m. p. 144—148°. Recrystallisation from 
methyl alcohol yielded orange needles, m. p. 148—149°, not depressed on admixture with the 
authentic trinitrobenzene compound of 7-methoxy-1 : 2-cyclopentenophenanthrene (m. p. 161°). 
A further 150 mg. of the mixture were converted into picrate; fractional crystallisation from 
alcohol gave much 1 : 2-cyclopentenophenanthrene picrate and another picrate, m. p. 120—123° 
(50 mg.). This was decomposed with ammonia; the product crystallised from alcohol in shining 
leaflets, m. p. 123—126°, mixed m. p. with authentic 7-methoxy-1 : 2-cyclopentenophenanthrene 
(m. p. 136—137°) 126—130°. 

(iii) The methoxy-acetate (9-6 g.) was hydrogenated in the usual way, 6 mols. of hydrogen 
being absorbed in 48 hours; the product was isolated and hydrolysed as described above. 
Distillation afforded three fractions: (a) b. p. 160—170°/0-2 mm., 1-8 g. (Found: C, 88-8; 
H, 9-3%, corresponding to C,gH,,0); (0) b. p. 175—185°/0-2 mm., 1-9 g.; (c) b. p. 195— 
210°/0-2 mm., 2-1 g. 

Fraction (a) was heated with 0-2 g. of 10% palladised charcoal for 50 minutes at 280—300° 
and then for 2 hours at 310—320°; evolution of hydrogen was vigorous. After cooling, the 
solid product was extracted (Soxhlet) with light petroleum (b. p. 60—80°). A little benzene 
was added to the extract, which was then run through a column of Brockmann alumina and 
eluted with 5: 1 petroleum—benzene. The solid (1-3 g., m. p. 108—115°) was crystallised from 
light petroleum and from alcohol, and converted into the picrate, which formed long, stout, 
orange needles, m. p. 128—129°, from benzene. Regeneration gave a product which crystallised 
from alcohol in needles, m. p. 131—132°, mixed m. p. with authentic 1 : 2-cyclopentenophen- 
anthrene 132—134°. 

Fraction (c), dissolved in dry ether (5 c.c.), was treated with light petroleum (b. p. 40—60°) 
(20 c.c.) and the solution kept in the refrigerator for some days. Rosettes of prisms separated 
and were collected (0-9 g., m. p. 128—134°). Recrystallisation, first from aqueous methyl 
alcohol and then from light petroleum (b. p. 80—100°) gave 4-hydroxy-T-methoxy-1 : 2:3: 4- 
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tetrahydro-1 : 2-cyclopentenophenanthrene (VI) as transparent prisms, m. p. 141—142° (Found : 
C, 80-8; H, 7-0; MeO, 12-0. C,,H,,O, requires C, 80-6; H, 7-45; 1MeO, 11-6%). 

In another experiment the hydrolysed hydrogenated product (2 g.) was heated on a steam- 
bath with p-nitrobenzoyl chloride (2-6 g.) in pyridine (10 c.c.). The product was cooled, diluted 
and acidified. The sticky precipitate was triturated with light petroleum (b. p. 40—60°) and 
the resulting solid crystallised from alcohol. In this way the p-nitrobenzoate of the alcohol 
(VI) was obtained in prisms, m. p. 214—216° (Found: C, 71-75; H, 52; N, 3-7, 3-5. 
C,;H,,0;N requires C, 71:9; H, 5-5; N, 34%). Hydrolysis with boiling alcoholic potash 
yielded the alcohol (VI), m. p. and mixed m. p. 140—142°. 

2’-isoNitroso-4 : 7-dimethoxy-3'-keto-1 : 2-cyclopentenophenanthrene.—2-9 G. of the dimeth- 
oxy-compound (IV; R = Me) were stirred for 14 hours with a gently refluxing solution of 
potassium (0-4 g.) in dry #ert.-butyl alcohol (100 c.c.). isoAmyl nitrite (1-2 g.) was then added 
and stirring was continued at room temperature overnight; the whole operation was carried 
out under nitrogen. The product was poured into 600 c.c. of water containing 5 c.c. of acetic 
acid. Crystallisation of the orange precipitate (3 g.) from nitrobenzene yielded tke isonifroso- 
compound in small prisms, m. p. 248—249° (decomp.) (Found: N, 4:3. (C,,H,,0,N requires 
N, 44%). This substance gave a brilliant indigo-blue coloration in concentrated sulphuric 
acid solution. 

4: 7-Dimethoxy-2'-formyl-3'-keto-1 : 2-cyclopentenophenanthrene (VII).—29 G. of the di- 
methoxy-compound (IV; R = Me) were dissolved in warm pyridine (300 c.c.) and treated 
successively with ethyl formate (45 c.c.) and sodium ethoxide from sodium (4-5 g.) and absolute 
alcohol (80 c.c.). A vigorous reaction set in and the contents of the flask set to a pasty mass. 
This was kept at room temperature for an hour, mixed with a little water, and filtered from 
tarry matter. Further dilution, followed by acidification with acetic acid, precipitated the 
formy] derivative as a yellow solid which was collected, washed, and dried on porous earthenware. 
The crude product (31 g.; 97%) ‘was sufficiently pure for preparative purposes. This formyl 
derivative (VII) crystallised from ethyl acetate in pale yellow, prismatic needles, decomp. 195° 
(Found: C, 75-2; H, 5-6. C,9H,,O, requires C, 75-0; H, 5-0%). It is readily soluble in 
aqueous-alcoholic sodium hydroxide and gives a deep olive-green coloration with ferric chloride 
in alcoholic solution. 

Attempted condensations of the dimethoxy-compound with ethyl or isoamyl formate in 
benzene, ether, or dioxan with powdered sodium and in ether with sodium ethoxide were fruitless, 
but a more interesting result was obtained in the following experiment. 2-9 G. of the dimethoxy- 
compound were stirred under nitrogen for 2 hours on the water-bath and then for 2 hours at 
room temperature with a solution of potassium (0-4 g.) in dry ¢ert.-butyl alcohol (100 c.c.). 
isoAmy]l formate (2-6 c.c., 2 mols.) was added, and the mixture stirred overnight under nitrogen. 
The product was poured into water and the orange precipitate filtered off, washed, and dried ; 
2-9 g., m. p. 275—285°. This condensation product (X) crystallised from nitrobenzene in orange 
needles, m. p. 301—302° (Found: C, 78-8; H, 4-6. CygH,,O, requires C, 78-8; H, 5-05%). 
It gave a purple coloration with concentrated sulphuric acid and a plum-coloured solution 
with a marked bright red fluorescence in hot acetic acid containing a little hydrochloric acid. 
This reaction is probably due to the formation of a pyrylium salt. 

4: 7-Dimethoxyphenanthrene-1-8-propionic-2-carboxylic acid (IX).—24 G. of the crude formyl 
derivative (VII) were suspended in acetic acid (1200 c.c.) and stirred at 70° while powdered 
hydroxylamine hydrochloride (5-7 g.) was added, and then for a further 15 minutes. The mixture 
was diluted with water, and the crude cyano-ketone (VIII) collected, washed, and dried on 
porous earthenware. The product (23 g.) gave a brilliant violet colour with alcoholic alkali; 
it could not be purified for analysis. 

This crude cyano-ketone (26 g.) was refluxed for 3 days on the steam-bath with potassium 
hydroxide (50 g.), water (50 c.c.), and alcohol (50 c.c.), ammonia being copiously evolved. A 
further 50 g. of potassium hydroxide in 50 c.c. of water were then added and refluxing was 
continued for 7 days more, after which ammonia was no longer evolved. The product was 
diluted with water, cooled, and the insoluble neutral material centrifuged off, washed, and dried. 
Crystallisation from nitrobenzene gave the condensation product (X) in orange needles, m. p. 
and mixed m. p. 302°. The centrifuged liquor was acidified, and the precipitate collected, 
washed, and dried on porous earthenware; yield, 20 g. (crude). The new acid (IX) crystallised 
from nitrobenzene in clusters of prisms, m. p. 285° (decomp.) (Found: C, 67-4; H, 5-3. 
CygH,0, requires C, 67-8; H, 5-1%). 

Methyl 4 : 7-Dimethoxyphenanthrene-1-B-propionate-2-carboxylate (XI).—(i) A mixture of the 
recrystallised acid (IX) (0-7 g.), methyl alcohol (20 c.c.), and sulphuric acid (1 c.c.) was refluxed 
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on the steam-bath for 12 hours. The cooled solution was diluted and the precipitate collected. 
The methyl ester (XI) crystallised from diiute methyl alcohol in colourless laths, m. p. 115° 
(Found: C, 69-0; H, 5-7. C, 3H,,O, requires C, 69-1; H, 5-8%). 

(ii) The following procedure was best for preparative purposes : A mixture of crude precipi- 
tated acid (20 g.), methyl alcohol (400 c.c.), and sulphuric acid (20 c.c.) was refluxed for 12 hours 
and the product was poured into water and extracted with benzene. The dark brown benzene 
extract was dried, evaporated to 250 c.c., percolated through a column of Brockmann alumina, 
and eluted with 100 c.c. of benzene. The orange percolate was diluted with 70 c.c. of light 
petroleum (b. p. 60—80°) and once more. passed through a column. Elution with 150 c.c. of 
5: 1 benzene-light petroleum gave a pale yellow percolate with a purple fluorescence. This 
was evaporated under reduced pressure, yielding 6-9 g. (21% calc. on the formyl derivative) of 
ester, m. p. 108—110°, which was sufficiently pure for hydrogenation. 

Hydrogenation of the Ester (X1).—The ester, dissolved in 25 volumes of acetic acid, was 
stirred at 70° under hydrogen in the presence of Adams’s catalyst (10% by weight). Absorption 
of hydrogen usually ceased when 1 mol. had been taken up; the catalyst then flocculated and it 
was necessary to add a further amount of catalyst, whereupon hydrogen absorption proceeded 
smoothly once more; after a total of 5 mols. of hydrogen had been absorbed, uptake usually 
ceased and the catalyst again flocculated. The reduction occupied 12—48 hours according to 
the activity of the catalyst. c 

The solution was cooled, filtered, and evaporated under reduced pressure. The residue 
was refluxed for 4 hours with an equal weight of potassium hydroxide dissolved in its own weight 
of water and 10 vols. of methyl alcohol. The cooled product was diluted with water, and a 
small amount of neutral material extracted with ether; the alkaline solution was then acidified 
and extracted with ether. 

The gum obtained on evaporation of the dried extract was fractionally crystallised from 
benzene, yielding three crystalline acids, together with gummy material which has not yet been 
fully investigated : 

(i) About 10% of a very sparingly soluble acid, m. p. 195—198°. Recrystallisation from 
ethyl acetate-light petroleum (b. p. 60—80°) gave 4: 7-dimethoxy-9 : 10-dihydrophenanthrene- 
1-8-propionic-2-carboxylic acid (XII) in small, shining rods, m. p. 208—209° [Found: C, 67-7, 
67-6; H, 6-1, 6-0; MeO, 17-4. C,,H,,0,(OCH,), requires C, 67-4; H, 5-6; MeO, 17-4%]. 

(ii) A. more soluble acid, m. p. 135—145°. Several further crystallisations from benzene 
yielded 4: 7-dimethoxy-1 : 2: 3 : 4-tetrahydrophenanthrene-1-8-propionic-2-carboxylic acid (XIII) 
in small rhombs, m. p. 138—140° (Found: C, 67-1, 66-9; H, 6-4, 6-5. Cy 9H, 0, requires 
C, 67-0; H, 6-15%). 

(iii) The principal product (ca. 50%), m. p. 115—118°. Repeated recrystallisations from 
benzene yielded small amounts of the above acids and a substance crystallising in small, well- 
formed, prisms, m. p. 118—120°. This appeared to be a very stable molecular compound 
[Found in three different preparations: C, 67-5, 67-35, 67-2; H, 6-8, 6-8, 70%; equiv. (by 
titration), 173-5] and was successfully broken up by several crystallisations from dilute acetic 
acid. In this way 7-methoxy-1:2:3:4:9:10: 11: 12-octahydrophenanthrene-1-B-propionic-2- 
carboxylic acid (XIV) was obtained in small spherical clusters of acicular prisms, m. p. 233° 
(Found: C, 68-3; H, 7-3. Cj gH,,O; requires C, 68-7; H, 7-2%). This acid forms about 25% 
of the hydrogenation product. 

x-Noroestrone Methyl Ether (KV; R = Me).—352 Mg. of the octahydro-demethoxy-acid 
(XIV) were dissolved in aqueous alcohol and neutralised (phenolphthalein) with sodium hydroxide 
solution. The diluted solution was treated with an aqueous solution of 600 mg. of lead acetate. 
After being warmed on the steam-bath for some time, the precipitated lead salt was filtered off 
from the cooled solution, washed and dried, first in the steam oven and then in a vacuum 
desiccator over phosphoric oxide. 

This lead salt was carefully pyrolysed, over a free flame, in a Pyrex tube at 0-25 mm. A 
yellow oil distilled over and crystallised at once (180 mg.; 63%). Recrystallisation from aqueous 
acetone gave 7-methoxy-3'-keto-1:2:3:4:9: 10:11: 12-octahydro-1 : 2-cyclopentenophenan- 
threne (XV; R = Me) in small prismatic needles, m. p. 142—143° [Found : C, 79-5, 79-6; H, 
7-9, 7-9; MeO, 10-6. C,,H,,O(OCH,) requires C, 80-0; H, 8-15; MeO, 11-5%]. With concen- 
trated sulphuric acid this material gave a yellow colour passing to orange on warming; no 
fluorescence was developed. Equilenin under these conditions gives an intensely green fluores- 
cent solution and so does x-norequilenin (Koebner and Robinson, Joc. cit.). A specimen of 
natural oestrone in our possession also exhibited the reaction but this was probably due to 
contamination by equilenin or equilin, the complete removal of which is difficult. The oestrone 
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methyl ether obtained by Litvan and Robinson (J., 1938, 1997) by cyclisation of Bardhan’s 
acid by way of the lead salt gave no fluorescence in sulphuric acid solution. 

x-Noroestrone (XV; R = H).—530 Mg. of crude noroestrone methyl] ether were heated in an 
oil-bath with 25 c.c. of acetic acid and 25 c.c. of hydriodic acid (d 1-7), 140° being reached in 10 
minutes and maintained for 15 minutes. The product was cooled, poured into water, decolorised 
with sulphur dioxide, basified with sodium hydroxide, and filtered from tarry matter. The 
clear filtrate was acidified, whereupon a phenol separated in pale yellow flocks and was collected, 
washed, and dried in a vacuum desiccator (135 mg.; 27%). This material contained a small 
amount of iodine which was not removed by recrystallisation and led to low carbon values on 
analysis. It was accordingly redissolved in dilute sodium hydroxide, boiled for a few minutes 
with a pinch of zinc dust, filtered, and reprecipitated with acid. Crystallisation from dilute 
alcohol then yielded 7-hydroxy-3'-keto-1:2:3:4:9: 10:11: 12-octahydro-1 : 2-cyclopenteno- 
phenanthrene (XV; R =H) in beautiful, colourless, rectangular plates, m. p. 222° (Found : 
C, 79-5; H, 7-85. C,,HggO, requires C, 79-7; H, 7-8%). This substance gave a positive 
reaction with Brady’s reagent and a clear yellow colour with concentrated sulphuric acid, 
unaltered on gently warming or on keeping; it became brown when strongly heated. 

100 Mg. of noroestrone were heated on a steam-bath for 2 hours with dry pyridine (1 c.c.) 
and acetic anhydride (0-4 c.c.). The cooled solution was diluted with water and a gum was 
precipitated which crystallised on scratching. The acetate (XV; R = Ac) crystallised from 
dilute alcohol in needles, m. p. 145—146° (Found: C, 76:2; H, 7-3. C,,H,,O, requires 
C, 76-5; H, 7-9%). , 

4 : 7-Dimethoxy-3'-keto-9 : 10-dihydro-1 : 2-cyclopentenophenanthrene (XVI).—100 Mg. of 
the dihydro-acid (XII) were converted into the lead salt in the usual way and this was pyrolysed 
in a Pyrex tube at 0-2mm. The product was a brown glass; crystallisation from dilute acetone 
yielded the ketone (XVI) in laths, m. p. 143° (Found: C, 77-55; H, 6-2. C,,H,,O, requires 
C, 77-5; H, 61%). The m. p. was depressed to 105—-112° on admixture with x-noroestrone 
methyl ether. The substance gave a bright yellow colour with concentrated sulphuric acid, 
a brilliant green fluorescence developing on warming. The 2: 4-dinitrophenylhydrazone 
crystallised from dilute acetic acid in deep red prisms, m. p. 242—243° (Found: N, 11-6. 
C,;H,,0,N, requires N, 11-8%). 

Methyl 7-Methoxy-4-ethoxyphenanthrene-1-8-propionate-2-carboxylate (XVII).—10 G. of the 
methoxy-phenol (IV; R = H) were dissolved in ethyl alcohol (200 c.c.) and sodium hydroxide 
solution (50 c.c. of 10%). The solution was stirred mechanically and heated in a water-bath at 
60° while 5 c.c. of ethyl sulphate were added during 5 minutes. Stirring and heating were 
continued while 4 similar batches of 10% sodium hydroxide solution and ethyl sulphate were 
added alternately during 30 minutes. After being stirred for a further 10 minutes, the product 
was diluted and cooled, and the precipitated methoxy-ethoxy-compound collected, washed, and 
dried at 100° (11 g.; 100%). 7-Methoxy-4-ethoxy-3'-keto-1 : 2-cyclopentenophenanthrene (IV ; 
R = Et) crystallised from ethyl alcohol in small needles, m. p. 194° (Found: C, 78-2; H, 5-7. 
C,,5H,,O0, requires C, 78-4; H, 5-9%). 

5 G. of this compound were refluxed for an hour on the steam-bath with pyridine (25 c.c.), 
ethyl formate (7-5 c.c.), and sodium ethoxide [from sodium (0-75 g.) and absolute alcohol 
(15 c.c.)]. The pasty product was mixed with water and filtered. Acidification of the filtrate 
precipitated the formyl derivative as a yellow solid, which was collected, washed, and dried at 
100° (5-9 g.). 5-7 G. of this crude product were dissolved in 600 c.c. of acetic acid at 75°; 
powdered hydroxylamine hydrochloride (1-25 g.) was added, and the mixture stirred at 70° for 
14 hours. The cyano-ketone was collected after dilution, washed, and dried (4-5 g.); the sub- 
stance gave a purple colour with alcoholic alkali but could not be purified for analysis. 

The above material was refluxed on the steam-bath for 3 days with potassium hydroxide 
(9 g.), water (9 c.c.), and ethyl alcohol (9c.c.). At the end of this time a further 9 g. of potassium 
hydroxide in 9 c.c. of water were added and refluxing was continued for 7 days, the evolution 
of ammonia then having ceased. After dilution, the neutral matter was separated by centrifuga- 
tion, the liquor was acidified, and the precipitate collected, washed, and dried at 100° (3-2 g.). 
7-Methoxy-4-ethoxyphenanthrene-1-8-propionic-2-carboxylic acid crystallised from nitrobenzene 
in thin needles, m. p. 268—269° (Found: C, 68-3; H, 5-3. (C,,HO, requires C, 68-5; 
H, 5-4%). 

0-75 G. of the recrystallised acid was refluxed on the steam-bath for 6 hours with concen- 
trated sulphuric acid (2 c.c.) and methyl alcohol (30 c.c.). The crystalline solid precipitated on 
dilution was collected, washed, and recrystallised from methyl alcohol; methyl 7-methoxy-4- 
ethoxyphenanthrene-1-8-propionate-2-carboxylate (XVII) formed colourless needles, m. p. 118° 
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(Found: C, 69-6; H, 6-0. C,,;H,,O, requires C, 69-7; H, 6-1%). It was found better, for 
preparative purposes, to use the crude acid; 3-2 g. of this were refluxed for 6 hours on the water- 
bath with sulphuric acid (8 c.c.) and methyl alcohol (120 c.c.). The hot solution was filtered 
from some tar and diluted with water; the sticky precipitate was collected, dried, dissolved in 
, benzene (200 c.c.) containing 10 c.c. of light petroleum (b. p. 60—80°), and percolated through a 
column of Brockmann alumina. After elution with 50 c.c. of benzene containing 2 c.c. of light 
petroleum, the percolate was evaporated, yielding 1-75 g. (26% calc. on the formyl derivative) 
of ester, m. p. 110—113°, which was pure enough for hydrogenation. 

Hydrogenation. A solution of this ester (2-2 g.) in acetic acid (75 c.c.) was stirred under 
hydrogen at 70° in the presence of Adams’s catalyst. Uptake of 5 mols. of hydrogen required 
36 hours and the use of 0-6 g. of catalyst added in 4 portions; the completion of the reaction was 
not marked by any break in the absorption of hydrogen. After working up and hydrolysis 
in the usual way, the gummy acid was treated with benzene. The precipitated solid (1-15 g. ; 
m. p. 140—150°) was fractionally crystallised from benzene and from dilute acetic acid, but the 
only definite substance isolated was 7-methoxy-4-ethoxy-1 : 2:3: 4-tetrahydrophenanthrene-1-B- 
propionic-2-carboxylic acid (XVIII), which crystallised from dilute acetic acid in beautiful 
needles, m. p. 160° (Found: C, 68-6; H, 6-6. C,,H,,O, requires C, 67-8; H, 6-5%). 

7-(8-6'-Hydroxynaphthyl)-4 : 7-diketoheptoic acid (KIX).—10 G. of 7-(8-6’-methoxynaphthy])- 
4: 7-diketoheptoic acid were refluxed for 3 hours with acetic acid (50 c.c.) and concentrated 
hydrochloric acid (50 c.c.). The product was boiled with charcoal, filtered, and diluted; on 
cooling, the crude acid (XIX) crystallised and was collected, washed, and dried (8 g.; 84%). 
It crystallised from aqueous alcohol in leaflets, m. p. 171—172° (Found: C, 68-2; H, 5:8. 
C,,H,,0, requires C, 68-0; H, 5-3%). 

3-(6’-Hydroxy-B-naphthyl)-A®-cyclopentenone-2-acetic acid (XX).—25-5 G. of the crude 
hydroxydiketo-acid (XIX) were heated in a boiling water-bath for an hour with potassium 
hydroxide (50 g.) and water (2500 c.c.). Acidification precipitated the crude cyclopentenone 
acid, which was collected, washed, and dried (24 g.; 100%). This acid crystallised from 
dilute methyl alcohol in yellowish prisms, m. p. 221—222° (Found: C, 72-0; H, 5:1. 
C,,H,,O, requires C, 72-3; H, 5-0%). 

4 : 7-Dihydroxy-3'-keto-1 : 2-cyclopentenophenanthrene.—24 G. of precipitated cyclopentenone 
acid (XX) were refluxed for 30 minutes with acetic anhydride (170 c.c.). After distillation of 
140 c.c., the residue was cooled, treated with benzene, broken up, filtered, washed with benzene, 
and dried (19 g.; 64%). 

4: 7-Diacetoxy-3'-keto-1 : 2-cyclopentenophenanthrene (XXI; R= Ac) crystallised from 
dilute acetic acid in small needles, m. p. 196—197° (Found: C, 72-2; H, 48. C,,H;,.0; 
requires C, 72-4; H, 4-6%). 1G. of this material was refluxed on the steam-bath for 2 hours 
with sodium hydroxide (1 g.) in water (1 c.c.) and ethyl alcohol (2 c.c.). The 4: 7-dihydroxy- 
compound was precipitated by pouring into water (100 c.c.) containing acetic acid (5 c.c.); it 
was collected, washed, and crystallised from aqueous pyridine, forming shining, prismatic needles, 
m. p. 338° (decomp.) (Found: C, 77-0; H, 4-6. (C,,H,,O, requires C, 77-25; H, 4-55%). 

y-m-Methoxyphenylpropyl Iodide—A solution of the corresponding chloride (135 g.) and 
sodium iodide (150 g.) in acetone (1050 c.c.) was refluxed for 4 hours. The precipitated sodium 
chloride was separated, and the filtrate refluxed fora further 3 hours. After once more removing 
the sodium chloride, a further 60 g. of sodium iodide were added and refluxing was continued, 
with filtration after 4 hours and, finally, after 8} hours. On working up as usual, 184 g. (91%) 
of iodide were obtained, b. p. 155—160°/11 mm., 2° 1-5773. 

2-(y-m-Methoxyphenylpropyl)cyclopentanone.—184 G. of the above iodide were refluxed on 
the steam-bath for 22 hours with the mixture obtained by refluxing ethyl cyclopentanone-2- 
carboxylate (104 g.) overnight with powdered potassium (26 g.) and benzene (650 c.c.). On 
working up in the usual way, 115 g. (57%) of ethyl 2-(-y-m-methoxyphenylpropyl)cyclopentanone- 
2-carboxylate (XXII). were obtained as a colourless oil, b. p. 187—190°/0-5 mm., }f" 1-5167 
(Found: C, 71-4; H,7-8. C,,H,,O, requires C, 71-1; H,7-9%). The semicarbazone crystallised 
from aqueous methyl alcohol in small, transparent prisms firmly holding solvent of crystallisa- 
tion (Found: N, 9-4. C,,H,,O,N;,2CH,°OH requires N, 9-9%). 

115 G. of the above keto-ester were refluxed on the steam-bath with potassium hydroxide 
(230 g.) in water (460 c.c.) and ethyl alcohol (460c.c.) for 12hours. The alcohol was then removed 
under reduced pressure, and neutral material extracted with ether. The residual solution was 
acidified, extracted with ether, and the extract dried and evaporated. The residue was treated 
with acetic anhydride (150 c.c.) and slowly distilled, first at atmospheric and then under reduced 
pressure; decomposition set in at 260—270°/100 mm. and was completed by distillation over a 
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free flame. The distillate was taken up in ether, added to the neutral material extracted from 
the hydrolysis product, washed with water and aqueous sodium carbonate, and the solution 
dried and distilled, yielding 56 g. (64%) of 2-(y-m-methoxyphenylpropyl)cyclopentanone (XXIII) 
as a pale yellow oil, b. p. 173—177°/0-8 mm., n}§* 1-5280 (Found: C, 77:3; H, 8-6. Cy,H_O, 
requires C, 77-6; H, 86%). The semicarbazone crystallised from dilute alcohol in small, 
glistening prisms, m. p. 180°, containing firmly-held solvent of crystallisation (Found: N, 12-5. 
C,.H,,;0,N;,C,H,-OH requires N, 12-5%). The 2: 4-dinitrophenylhydrazone crystallised from 
alcohol containing a little water in burrs of orange needles, m. p. 103—104° (Found: N, 13-4. 
C,,H,O;N, requires N, 13-6%). 
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299. The Nitrosation of Phenols. Part XVI. m-Fluorophenol. A New 
Red Indophenol. 


By HERBERT H. HopcGson and DONALD E. NICHOLSON. 


m-Fluorophenol behaves exceptionally towards nitrous acid in an aqueous medium 
in that reaction occurs in the 6-position instead of the normal 4-position, as in the 
case of the m-chloro-, m-bromo-, and m-iodo-analogues. Probably 5-fluoro-2-nitroso- 
phenol is the first product formed, but this immediately condenses with unchanged 
m-fluorophenol to form a mm’-difluoro-o-indophenol which is red-brown and very 
stable to acids. The constitution of this new type of red indophenol has been 
established by a comprehensive scheme of colour reactions. This exceptional nitros- 
ation of m-fluorophenol is compared with that of m-methoxyphenol, and both are 
explicable on electronic grounds. 


THE action of nitrous acid on m-halogenophenols has been studied for the chloro-, bromo-, 
and iodo-derivatives (Hodgson and Moore, J., 1923, 123, 2499; 1925, 127, 2260; Hodgson 
and Kershaw, J., 1929, 1553; 1930, 967, 1969) and found to produce the m-halogeno-#- 
nitrosophenols as deep greenish-yellow, exceedingly reactive compounds which were 
immediately converted by alkalis, and less readily by hot mineral acids, into light greenish- 
yellow (almost colourless), very stable m-halogeno-p-benzoquinoneoximes, of which the 
m. p.’s were ca. 50° higher than those of their nitroso-isomerides. The absorption spectra 
of both sets of compounds exhibited marked differences (Hodgson, J., 1937, 520). The 
present paper now completes the series by a study of the action of nitrous acid on 
m-fluorophenol. 

When an attempt was made to nitrosate m-fluorophenol directly, whether by nitrous 
acid alone, or in the presence of acetic acid and/or of mineral acids, the product was not a 
nitroso-compound, but a red-brown microcrystalline indophenol, which begah to be formed 
immediately on admixture of the reactants, as shown by the rapid appearance of a red 
colour. When the reaction was conducted in 30% aqueous acetic acid at room temperature, 
precipitation of the red indophenol occurred continuously over several days, until an 
almost quantitative yield was obtained. At 100° the reaction was immediate, and it 
was also more rapid when carried out in sulphuric acid under Hodgson and Kershaw’s 
conditions (loc. cit.). In all cases, a small amount of 5-fluoro-2-nitrophenol was obtained 
by a simultaneous reaction, as proved by its presence in the benzene extract of a mixture 
which had been kept for 48 hours. 

When the above reaction mixture was repeatedly submitted to filtration at short in- 
tervals, the earlier precipitates gave the Liebermann nitroso-reaction. When extracted 
with ligroin or light petroleum, they afforded only red solutions with phenol and con- 
centrated sulphuric acid. The later precipitates gave no Liebermann reaction. Micro- 
analysis of the earlier precipitates gave decreasing nitrogen contents from 6-8 to 5-8%, 
showing the presence of small amounts of nitroso-compounds, which, however, could not 
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be extracted in workable amounts. The later precipitates all had N, 6-0%. This red- 
brown compound was readily crystallised from 50% acetic acid, and then appeared to be 
homogeneous under the microscope as red microcrystalline plates. The following evidence 
indicates that it has the structure (I) of a mm’-difluoro-o-indophenol; if so, this would 
be the first representative of this class of compound. 


As w~ yf X <> 
—N—; F —N. H 
“Ona 6 2a © @ 6 tae Oi 


(I.) (II.) (IIT.) 


1. The red compound had the correct composition and molecular weight. 

2. It was insoluble in cold benzene, light petroleum, ligroin, and ether; soluble in acetone 
and in ethyl and methyl! alcohols; easily soluble in cold glacial acetic acid, and in hot 
50% acetic acid; readily soluble in cold solutions of alkaline hydroxides and carbonates, 
from which it was precipitated unchanged by acids. These solubilities exclude the possi- 
bility that the compound is a red oxazone (II), for this contains two hydrogen atoms less 
than (I), and, since it contains no hydroxyl group, should not be readily soluble in the 
above solvents. 

3. It formed no steam-volatile organic products when boiled with alkalis, with neutral, 
alkaline, or acid permanganate, alkaline potassium ferricyanide, or dilute nitric acid, 
but ammonia was evolved with boiling alkalis. This set of reactions excludes the structure 
(III), which would be expected to furnish a steam-volatile #-benzoquinone on oxidation. 

4. The structure (I) is supported by the following colour reactions. (a) p-Nitrosodi- 
methylaniline gives blue-green products when heated with phenol, o- and m-cresols, or 
o-chlorophenol, but red products are formed with f-cresol and #-chlorophenol, and with 
all the m-halogenophenols; all these colours persist unchanged for a reasonable period in 
cold concentrated sulphuric acid, and indicate that the p-indophenolic structures give rise 
to blue-green, and the o-indophenolic to red compounds. The oxazone structure is ex- 
cluded in these reactions. (b) m-Chloro-p-nitrosophenol, when heated with phenol, the 
four m-halogenophenols, f-cresol, or #-chlorophenol, gives red products, but on heating 
it with o- or m-cresol or with o-chlorophenol, blue-green compounds are obtained; all 
these colours persist in cold concentrated sulphuric acid. (c) 2-Nitroso-5-methoxy- 
phenol (Henrich and Eisenach, J. pr. Chem., 1904, 70, 332; Hodgson and Clay, 
J., 1929, 2775) condenses immediately when heated with m-fluorophenol, and also 
with #-cresol and #-chlorophenol but less readily, to give red products which remain 
red in cold concentrated sulphuric acid. If this compound is mixed with m-fluoro- 
phenol and treated in the cold with concentrated sulphuric acid, the condensation pro- 
duct is red, indicating the formation of a product of constitution (IV) or (V); moreover, 


Q F OH F 
sit — 
Me H MeO O 
(V.) (VI.) 


if the product has structure (V), there is no isomerism into a blue-green compound of 
structure (VI). The red product is readily soluble in alkalis to give red solutions, a reaction 
which favours structure (IV). (d) Dimethylaniline condenses with 2-nitroso-5-methoxy- 
phenol very slowly on warming, and very rapidly in the presence of concentrated sulphuric 
acid, to give a red compound. With 3-chloro-4-nitrosophenol, or 3-chlorobenzoquinone- 
4-oxime, however, blue compounds are obtained. Oxazone formation cannot occur in 


Q Cl OH F 
Me F 


(VII.) (VIII.) (IX.) 
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these reactions, and structures (VII) and (VIII) would appear to represent the respective 
compounds formed. The red colour of the compound under discussion would therefore 
exclude the #-indophenolic structure (IX), since such compounds are blue. 

5. The red compounds formed by 2-nitroso-5-methoxyphenol with p-cresol and p-chloro- 
phenol when heated together, either without solvent or in glacial acetic acid solution, are 
reduced by zinc dust to leuco-compounds which, on atmospheric oxidation, particularly in 
the presence of hydrochloric acid, give blue solutions turned to red by ferric chloride. The 
rey rhe fie of reactions has apparently taken place (R = Me or Cl, respectively) : 


es on 
se | Zn , ee in NH O; 
ey or glacial HOAc wool 7 Vv yaa 


Red indophenol. Colourless 
leuco-compound. 


Cl 


Blue oxazine. 
red oie phate! 


The assumed mm’-difluoro-o-indophenol under discussion, when submitted to this series 

of three reactions, gave successively a leuco-compound, a blue solution, and a red colour, 

thus affording support for the structure (I). If, however, m-chloro-p-nitrosophenol is 

condensed with m-fluorophenol in glacial acetic acid solution, the red indophenol formed 

is reduced to a leuco-compound which becomes red when treated with hydrochloric acid 

in air. The structure (X) which must be assigned to this compound would not admit of 

the formation of a blue oxazine. Whereas 2-nitroso-5-methoxy- 

nN phenol condenses alone or in glacial acetic acid solution with 

N= phenol, o-cresol, and o-chlorophenol to give red compounds, the 

H F leuco-compounds of the first two give the above blue oxazine 

reaction, and the last a red solution with hydrochloric acid, 

showing that it has condensed in the p-position, as opposed to 
the o-position for the other two. 

Mechanism of the Nitrosation Reaction—From the foregoing data, it would appear 
that the reaction of nitrous acid with m-fluorophenol takes place in two stages, viz., (1) 
a slow nitrosation in the 6-position, accompanied by a small amount of nitration also 
in this position, and (2) a rapid consecutive condensation of the nitroso-compound with 
the unchanged m-fluorophenol to form the red compound (I) (cf. Schoutissen, Rec. Trav. 
chim., 1921, 40, 753). 

When m-chlorophenol is treated similarly, a continuous yield of the m-chloro-p-nitroso- 
phenol is formed, but if the reaction mixture is kept for several weeks, the final precipitates 
when extracted with light petroleum leave red-brown residues, which have no melting 
point, and are presumably similar to the main reaction product of the nitrosation of 
m-fluorophenol. 

That the nitrosation of m-fluorophenol should occur in the 6-position is due to the 
powerful negative inductive (— J) effect of the fluorine atom on the 4-position, whereas 
in the other three m-halogenophenols, this effect is insufficient to inhibit nitrosation in 
the normal 4-position, as typified by the case of phenol itself. It is noteworthy that, 
whereas o-nitrosation in the case of m-fluorophenol is due to inhibition, that of m-methoxy- 
phenol is due to enhanced reactivity of the 6-position due to the electromeric reactivity of 
the m-methoxy-group (Hodgson and Clay, Joc. cit.). 


(X.) 
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EXPERIMENTAL. 


Action of Nitrous Acid on m-Fluorophenol.—(a) In aqueous acetic acid solution. m-Fluoro- 
phenol (2 g.), dissolved in 50% aqueous acetic acid (25 c.c.), was treated with a solution of 
sodium nitrite (4 g.) in water (10 c.c.) either gradually or all at once. The resulting solution, 
which had now ca. 30% acetic acid content, immediately became deep red, and, after about 
10 mins., a red-brown solid began to separate. This precipitation continued for several days until 
all the m-fluorophenol had reacted, and during the first 24 hours 0-5—1-0 g. could be filtered off. 
Steam-distillation, either of the original mixture, or of the solution after several precipitates 
had been removed, afforded 5-fluoro-2-nitrophenol in small quantity (m. p. and mixed m. p. 
with authentic specimen, 32°). Extraction of the reaction mixture with benzene after the 
reaction had lasted 24 hours, followed by steam-distillation of the extract, gave 5-fluoro-2- 
nitrophenol, thereby proving that it was formed by a slow reaction taking place simultaneously 
with the more rapid nitrosation. This nitration can be detected at almost all periods of the 
reaction. The early precipitates gave deep orange-brown colours with concentrated sulphuric 
acid, and the Liebermann reaction with cold phenol and concentrated sulphuric acid (see above). 
The precipitates collected after 24 hours gave either very poor colours or none at all in the 
Liebermann reaction, but dissolved gradually in the cold acid to give deep red-brown solutions. 
Extraction of the early precipitates with cold benzene gave negative results, and extraction with 
hot benzene, light petroleum, or ligroin afforded only traces of green products which gave the 
Liebermann reaction, the residues then dissolving slowly in cold phenol-sulphuric acid to 
give red-brown solutions; these, which were composed of red microcrystalline plates and 
appeared homogeneous, dissolved in cold glacial acetic and also in hot aqueous acetic acid as 
dilute as 50%, from which red-brown, microcrystalline plates separated which had no m. p. 
(Found: C, 61-2; H, 2-9; N, 6-0; M, cryoscopic in phenol, 236-5. C,,H,O,NF, requires 
C, 61-3; H, 3-0; N, 59%; M, 235), and were very stable towards hot concentrated or aqueous 
mineral acids, The other properties have been described above. When the nitrosation was 
conducted below 0°, products were formed which sintered from 100° to 130° owing to admixture 
with uncondensed nitroso-products. 

(b) Im aqueous sulphuric acid solution, m-Fluorophenol (4 g.), dissolved in a solution of 
sodium hydroxide (2 g.) and sodium nitrite (10 g.) in water (300 c.c.), was ice-cooled externally 
while a mixture of sulphuric acid (8 c.c.) and water (12 c.c.) was added with vigorous stirring 
during 2 hours, The colour of the solution immediately became orange-red and a copious tarry 
separation occurred. This tar was insoluble in light petroleum, and, when dissolved in alkali 
solution and reprecipitated at 0° with acids, afforded the red-brown mm’-difluoro-o-indophenol 
of reaction (a). When a solution of concentrated sulphuric acid (2 c.c.) in water (10 c.c.) was 
added to the nitrosation mixture (a), the red indophenol separated in a solid non-tarry condition. 
5-Fluoro-2-nitrophenol was obtained by steam-distillation of all the reaction mixtures or of 


their benzene extracts. 
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300. Anionotropic and Prototropic Changes in Cyclic Systems. Part VII. 
The Structure of the Chlorodiphenyleyclopentenone obtained by _ the 
Action of Hydrogen Chloride on Anhydroacetonebenzil. 


By Haro_p Burton and CHARLES W. SHOPPEE. 


Further evidence is presented in support of the view previously put forward (J., 
1934, 201) that 2-chloro-3 : 4-diphenyl-A*-cyclopentenone (IV) is formed by the action 
of ethyl-alcoholic hydrogen chloride on anhydroacetonebenzil (I). The chloride, m. p. 
142° (corr.), obtained by Allen and Rudoff (Canadian J. Res., 1937, B, 15, 321) from 
“* 2-hydroxy-3 : 4-diphenyl-A*-cyclopentenone’ and phosphoryl chloride and con- 
sidered by them to be (IV), is shown to be related to the 2 : 3-diphenylcyclopentenone 
recently investigated (Burton and Shoppee, this vol., p. 567). The relationship is 
established by a study of various reduction products, including the diphenylcyclo- 
pentylamines (as acetyl derivatives) obtained from the appropriate oximes. 
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In Part III (J., 1934, 201) we suggested that the chloride, m. p. 129° (now referred to as 
Japp’s chloride), originally obtained by Japp and Burton (J., 1887, 51, 428) from anhydro- 
acetonebenzil (I) and ethyl-alcoholic hydrogen chloride, had the structure (IV) and was 
formed as a result of the following changes : * 


CPh CH CPh—=CH anionotropy CPh-C[H]Cl 
CPR(OH)CH,-~? pncrcH, , Cph—cH,-? 
(I.) (II.) (III.) 


| prototropy 


CHPh:-CHCl ¢Ph—CCl 

“)  pp=—=—cHO CHPhCH, OY 
We considered the possibility that Japp’s chloride might possess the alternative structure 
(V), which could arise by a prototropic change involving one of the hydrogen atoms of the 
methylene group of (III), but rejected this and decided in favour of (IV) for the following 
reasons : (i) the conversion of (II) into Japp’s chloride by acids (since not only anionotropy, 
but also prototropy is capabie of catalysis by acidic reagents), (ii) the relatively great 
stability of the chlorine atom, and (iii) the production of desylacetic acid, 


COPh-CHPh:CH,CO,H, 


in 88% yield ¢ by oxidation with permanganate in acetone at 15°. 

Allen and Spanagel (J. Amer. Chem. Soc., 1932, 54, 4338) had previously assigned 
structure (V) to Japp’s chloride, without citing experimental evidence, and on the basis of 
theoretical reasoning which we were unable to follow. In a recent paper, Allen and 
Rudoff (loc. cit.) admit this reasoning to be no longer valid, but maintain that Japp’s chloride 
is nevertheless correctly represented by (V). The central positive fact upon which Allen 
and Rudoff based their argument was the production of a new isomeric chloride, m. p. 
142° (corr.) (hereafter referred to as Allen’s chloride), by the action of phosphoryl chloride 
on 2-hydroxy-3 : 4-diphenyl-A®-cyclopentenone (VIa), an enolic form of 3 : 4-diphenyl- 
cyclopentane-1 : 2-dione (VI). To this new chloride they assigned the structure (IV) by 
reason of the method of preparation, the unreactivity of the chlorine atom, and the pro- 
duction of desylacetic acid in 60% yield by ozonolysis; they considered therefore that, 
by exclusion, Japp’s chloride must be represented by (V). 


CPh—C-OH CHPh-CO Lob le 


o=> | SCO ‘OH 0 
duph-ch” CHPh:CH, HPh-C Pach, 
| (VIa.) (VI.) (VIb.) (IX.) 


CPh=CCl HPh-CO ae CHPh-CH, 

>Cco SCH, ! d >C 

CHPh:CH, CHPh-CH, CHPh-C HPh-CH, 
(IV.) (VIII.) (VII.) (X.) 


Inspection of formula (VI) shows that two enolic forms are possible (VIa, VIb), so that 
the method of preparation of Allen’s chloride furnishes only ambiguous evidence of structure. 
We have been able to prove that Allen’s chloride cannot possess structure (IV), in which 
the carbonyl group is placed symmetrically with regard to the two phenyl groups. When 
Allen’s chloride, or the hydroxy-ketone (VIa, VI) from which it is prepared, is reduced 

* In view of the publication of Allen and Rudoff (Canadian J. Res., 1937, B, 15, 321), who discuss 
whether, in their proposed change (II) —-> (V), ‘‘ chlorine or hydrogen migrates first,” stating that the 
“‘ sequence of shifts is uncertain,” it is necessary to point out that prototropic change is impossible in 
(II), since the requisite grouping is absent. On the other hand, the system required for anionotropic 
change is present and complete, viz., -CPhCl-CPh:CH-, hence the change (II) ——-> (ITI) is the only triad 


change possible. 
¢ Allen and Rudoff (/oc. cit., p. 322, footnote) describe this by use of the misleading term “ some ”; 


they also give the wrong reference. The correct reference is: Burton and Shoppee, J., 1934, 204. 
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with red phosphorus and hydriodic acid in acetic acid, a 2 : 3-diphenylcyclopentenone (A) 
is produced (see Burton and Shoppee, this vol., p. 567); this is reduced catalytically 
(Adams) to érans-2 : 3-diphenyleyclopentanone (VIII). This saturated ketone can also be 
obtained directly from Allen’s chloride by suitable catalytic reduction. Furthermore, the 
structural relationship of the diphenyleyclopentenone (A) to Allen’s chloride is proved by 
chlorination of (A) with sulphuryl chloride in benzene at 15°, whereby the chloride is pro- 
duced but not in good yield. These observations prove conclusively that the carbonyl 
group in Allen’s chloride must be placed unsymmetrically in relation to the two phenyl 
groups; the chloride is, in fact, derived from the enolic modification (VIb) and can be 
represented by structure (VII). 

In marked contrast to these results, Japp’s chloride is reduced by red phosphorus and 
hydriodic acid in acetic acid to 3 : 4-diphenyl-A*-cyclopentenone (IX), which results from 
the first-formed A*-isomeride (Burton and Shoppee, loc. cit.). Catalytic reduction of (IX) 
then gives cis-3 : 4-diphenyleyclopentanone (X), which is also obtained directly from 
Japp’s chloride by catalytic reduction. Furthermore, the presence of the -CO-CH,° group 
in Japp’s chloride is indicated by the formation of a piperonylidene derivative when the 
condensation with piperonal is effected with hydrogen chloride in acetic acid; under the 
same conditions, Allen’s chloride yields an unidentified compound, which cannot be the 
piperonylidene derivative because of its lack of colour and high oxygen content. The 
above facts clearly exclude the possibility of obtaining the symmetrically constituted 
diphenylcyclopentenone (IX) from Allen’s chloride as stated by Allen and Rudoff (oc. cit.). 

These authors (loc. cit.) also state that by ozonolysis of their chloride in ethyl acetate 
solution they obtained desylacetic acid in 60% yield. We have made several independent 
repetitions of this oxidative fission, even using ten times the scale employed by Allen and 
Rudoff, but we have never been able to detect any desylacetic acid, although this acid is a 
highly characteristic substance and readily isolated. The sole, identifiable ozonolysis 
product of the chloride is benzoic acid, which is also produced as the only identifiable pro- 
duct when oxidation is effected with permanganate in 90% acetone at — 15° in the presence 
of magnesium sulphate. Hydrogen peroxide in acetone in the presence of ferrous ions is 
without action, and chromic anhydride in 90% acetic acid at 43° affords only benzoic acid, 
although much chloride is unattacked. 

In regard to the oxidation of Japp’s chloride, we have confirmed our previous statement 
(J., 1934, 204) that potassium permanganate in acetone at 15° gives a nearly quantitative 
yield of desylacetic acid; we have endeavoured to meet the criticism of Allen and Rudoff 
(loc. cit., p. 322, footnote) that the use of an alkaline reagent is unreliable owing to the 
possible catalysis of «8-Sy changes, by performing the oxidation in the presence of 
magnesium sulphate. We must emphasise, however, that none of the possible products of 
retrograde a8-Sy changes [(III), (V), or even (II)] can yield desylacetic acid by oxidation. 

Although we consider that we have proved beyond all doubt that Allen’s chloride 
cannot be (IV), there is some doubt as to its precise structure; since the structure (VII) 
contains a prototropic system, the chloride may conceivably be represented by any of the 
four formule (VII a, 6, c, and d) : 


CHPh-CO prototropy  CHPh-CO _prototropy ~—CPh—CO 
CupncH7 Oe! = Cpp=ca ON CpncH,- 
(VIIa.) (VIIb). (VIIc.) 


sn 


CHPh-CO\ 4 
CPhCl-CH 


(VIId.) 


Of these, the two stereoisomerides represented by (a) are alone consistent with the unre- 
activity of the chlorine atom, reported by Allen and confirmed by us. On the other hand, 
(c), (d), and probably (6), but not (a), can yield dimeric substances directly by elimination 
of hydrogen chloride with subsequent Diels-Alder addition to the diphenylcyclopenta- 
dienone so formed : 





Qo ® = = we A 4 = 
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CPh CO CPh CPh 
ey LN G CH—(CPh ra | \ 
Bs : Poe Co + CH CPh _ PhG Co CH-EP 


HC 
\| XO Mieke 
CH CH CO 


H—CPh 


Oxidation of (a) should afford ««’-diphenylsuccinic but not benzoic acid, whereas (bd), 
(c), and (d) would probably yield benzoic acid. It is probably best to regard Allen’s chloride 
as a mixture of interchangeable isomerides; in this respect the chloride thus resembles 
the diphenylcyclopentenone (A) (this vol., p. 567). Further supporting evidence relating 
to the orientation of the carbonyl group in Japp’s and Allen’s chlorides has been obtained 
by a study of the diphenyleyclopentylamines obtained by reduction of the various ketoximes. 
For convenience the acetyl derivatives of the bases were actually isolated. There are three 
symmetrical 1-acetamido-3 : 4-diphenylcyclopentanes; the trans-derivative (XI) has m. p. 
119°, and the cis-compounds (XII, XIII) have m. p. 128° and 134°, although it is not known 
which isomeride corresponds to which configuration. 


H Ph NHAc 
H 
- HPh-CH-NHAc 
H 
H, I ume CHPh-CH, * 
NHAc H H 


———___— —_—_—__ 


(XI.) (XII, XIII.) (XIV.) 


The results are summarised in the table below; this is not quite complete, since we have 
been unable to prepare the oxime of Allen’s chloride. The oxime of Japp’s chloride readily 
affords the trans-derivative (XI), whereas the halogen-free ketones from Allen’s chloride 
lead to 1-acetamido-2 : 3-diphenylcyclopentanes (as XIV), since these differ from the 
symmetrically constituted compounds. 








M. p. of Reducing Acetyl derivative. 
Ketone. oxime. agent. M.p. Structure. 


trans-3 : 4-Diphenyleyclopentanone, m. p. 177°... 121-5° Na, EtOH 119° (XI) 
cis-3 : 4-Diphenylcyclopentanone, m. p. 110° 137—138 Na,EtOH 128, 134 (XII), 
(XIII) 


3 : 4-Diphenyl- -A*-cyclopentenone (IX), m. P. 100° 179 Na,EtOH 119 (XI) 
Japp’s chloride, m. p. 129° 172 H,, PtO, 119 (XI) 
trans-2 : 3- -Diphenylcyclopentanone (vii), m. P| ‘98° 187 Na, EtOH 171, 187 as (XIV) 
2:3- pty om gem graee pgh m. + Pe Oe. cperies 257 Na, amyl alcohol 171, 187 as (XIV) 
Allen’s chloride, m. p. 140° ............+++ — —_ o —_ 


We have also eal to CoE 2 : 3-diphenyleyclopentanone (VIII) by means 
of the Dieckmann reaction with methyl y8-diphenylvalerate, CH,Ph*CHPh-CH,°CH,°CO.Me; 
ketonic material was isolated as (?) semicarbazone, but, as this did not have the expected 
composition, it was not investigated further. 


EXPERIMENTAL. 
(All molecular weights were determined by Rast’s method.) 


Allen’s Chloride (as V11).—(i) Treatment of 2-hydroxy-3 : 4-diphenyl-A?-cyclopentenone (5 g.) 
with phosphoryl chloride (15 c.c.) according to the directions of Allen and Rudoff (loc. cit.) led 
to some carbonisation and a black product. Some improvement was effected by using a bath 
at 110° to heat the reaction mixture, and the yield of crystallised chloride, m. p. 139°, from 5 g. 
of the hydroxy-ketone was increased from 0-9 g. to 2-2 g. by reducing the time of heating from 
15 to 10 mins., the amount of tar formed being correspondingly decreased. The viscous, dark 
red product after decomposition with ice (it is important to stir until all phosphoryl chloride 
has decomposed, and the oil has solidified) gave a black-brown solid, which, when dry, was 
extracted with boiling ethyl alcohol (100 c.c.), and then with 50 c.c. of solvent. The two 
alcoholic extracts were boiled separately with charcoal, filtered, and kept overnight; the crude 
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chloride which separated was repeatedly crystallised from alcohol, or, better, benzene-—ligroin 
(b. p. 60—80°), and was finally obtained as yellow-buff plates, m. p. 140° (Found: C, 75-75, 
75°8; H, 5-0, 5-0; Cl, 13-4, 12-9; M, 297. Calc. for C,,H,,0Cl: C, 76-0; H, 4:9; Cl, 13-2%; 
M, 268-5). 

(ii) 2 : 3-Diphenylcyclopentenone (2 g.) (see Burton and Shoppee, this vol., p. 567), dissolved 
in dry benzene (2 c.c.), was treated with sulphuryl chloride (1-0 c.c.); a vigorous evolution of 
hydrogen chloride occurred with slight production of heat. After standing overnight, the mix- 
ture was decomposed with ice, the product extracted with benzene, and the extract washed with 
2n-sodium carbonate and dried with potassium carbonate. The residue obtained by evapor- 
ation gradually crystallised in part; two recrystallisations of the solid from benzene-ligroin 
(b. p. 60—80°) furnished pale yellow-buff plates, m. p. 140°, mixed m. p. 140° with a specimen 
of Allen’s chloride prepared by method (i) (Found : Cl, 12-5, 13-05%). The 2 : 4-dinitrophenyl- 
hydrazone after crystallisation from chloroform—methyl alcohol had m. p. 215° and depressed 
the m. p. of the 2: 4-dinitrophenylhydrazone of Japp’s chloride to 200° (Found: C, 61-1; 
H, 3-6; N, 12-8; Cl, 7-5. Calc. for C,,H,,0,N,Cl: C, 61-4; H, 3-8; N, 12-5; Cl, 7-9%). 

We are able to confirm Allen and Rudoff’s statement that the chlorine atom of the chloride 
is unaffected by silver nitrate and potassium acetate (in aqueous-alcoholic solution), but is 
removed by sodium hydroxide and piperidine ; the chloride was insoluble in piperidine at 15° bt 
dissolved at ca. 40° with immediate precipitation of piperidine hydrochloride, but no crystalline 
product could be isolated. We find that the stability of the chloride to sodium carbonate 
appears to depend on the conditions. For instance, in 90% dioxan after refluxing for 0-5 hour, 
the chloride was recovered unaltered; after 5 hours’ treatment the product was sticky, but the 
chloride, m. p. 137°, was the only crystalline substance isolable. In methyl alcohol, however, 
refluxing for 0-5 hour afforded the monomethoxy-dimeride, m. p. 205° with gas evolution at 
ca. 250°, described by Allen and Rudoff (loc. cit., p. 326), although our value for its molecular 
weight is just double that recorded by these workers (Found: C, 83-9; H, 5-7; OMe, 65%; 
M, 1001). On the other hand, neither silver nor barium carbonate in boiling methyl alcohol 
reacted with the chloride, which was recovered unaltered in 90% yield, m. p. and mixed 
m. p. 140°. 

We were unable to obtain an oxime of Allen’s chloride, despite many attempts; the chloride 
was recovered unchanged after prolonged treatment with hydroxylamine or its acetate at 
15°. With hydroxylamine hydrochloride and sodium acetate (anhydrous) in alcohol for 4 days 
at 40°, or for shorter times at higher temperatures, the only isolable product was a dimeric 
chlorine-free oxime, which separated from boiling isoamy]l alcohol in pale buff plates, m. p. 258— 
259° (decomp.) (Found: C, 82-9; H, 5-15; N, 5-5; M, 465. C,,H,,O,N, requires C, 82-6; 
H, 5:3; N, 56%; M, 494). 

The chloride gives a colourless compound, which may be dimeric, when treated for 24 hours 
with piperonal (2 mols.) in methyl alcohol saturated with hydrogen chloride at 0°; the product, 
washed with ether, in which it is practically insoluble, and twice crystallised from ethyl acetate— 
ethyl alcohol, forms colourless rosettes, m. p. 188—189°, with gas evolution at 210—215° 
(Found : C, 69-05; H, 4:25; Cl, 15-2%; M,377*). The same compound slowly separates after 
some days when glacial acetic acid saturated with hydrogen chloride at 10° is used as the medium ; 
recrystallised from acetic acid, it had m. p. 190—191°, with gas evolution at ca. 215° (Found : 
C, 68-0; H, 4-05; Cl, 15-15%; M, 210*). 

Reduction of Allen’s Chloride with Hydriodic Acid and Phosphorus : Formation of 2 : 3-Diphenyl- 
cyclopentenone.—The chloride (0-5 g.), red phosphorus (0-3 g.), 48% hydriodic acid (1 c.c.), and 
acetic acid (2-5 c.c.) were refluxed for 2 hours, the solution filtered hot into 35 c.c. of water 
containing a little dissolved sulphur dioxide, and the mixture extracted twice with ether. The 
combined ethereal extracts were washed with 2n-sodium carbonate and with water, dried with 
potassium carbonate, and evaporated. Owing to the difficulty previously encountered (Burton 
and Shoppee, Joc. cit.) of crystallising the unsaturated ketone, and to its somewhat variable 
m. p. (83—89°), the product was identified by conversion into its highly characteristic oxime 
by treatment with hydroxylamine hydrochloride (4 mols.) and sodium acetate in alcohol on the 
steam-bath. The oxime, crystallised from boiling isoamyl alcohol, had m. p. 257° (decomp.), 
possessed the appropriate crystalline form, and did not depress the m. p. of a genuine specimen. 

Catalytic Reduction of Allen’s Chloride: Formation of trans-2 : 3-Diphenylcyclopentanone 
(VIII).—(i) The chloride (1-0 g.) and sodium acetate trihydrate (0-5 g.), dissolved in alcohol 
(100 c.c.), were shaken with platinum oxide (0-2 g.) in an atmosphere of hydrogen; 250 c.c. of 
gas were absorbed in 25 mins. (Calc. for 3H,: 251 c.c.), and the reaction was then stopped. 

* Molecular weights are unreliable, as the substance slowly decomposes in camphor at 170°. 
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After filtration from platinum and removal of the solvent in a vacuum, the product was dis- 
solved in ether, washed with water {the washings contained chloride ion) and with 2N-sodium 
carbonate, dried with potassium carbonate, and evaporated. The resultant oil rapidly crystal- 
lised, and afforded trans-2 : 3-diphenylcyclopentanone, m. p. 97—98°, after two crystallisations 
from ether-ligroin; mixed m. p. with a genuine specimen, 97—-98°. (ii) The chloride (10-5 g.), 
sodium acetate (1-5 g., 3 mols.), and hydroxylamine hydrochloride (0-28 g., 1-1 mol.) dissolved 
in alcohol (100 c.c.), were shaken with platinum-black (1-0 g.) in an atmosphere of hydrogen ; 
160 c.c. of gas were absorbed in 5 mins. (Calc. for 2H,: 175 c.c.); hydrogen was then slowly 
taken up until 325 c.c. had been absorbed in 5 hours (Calc. for 3H, : 262c.c.; for 4H,: 350c.c.), 
whereupon reduction ceased. After filtration from platinum, and dilution with water (500 c.c.), 
the liquid was made alkaline with sodium hydroxide, and repeatedly extracted with ether. 
The combined ethereal extracts, after several washings with 2N-acetic acid, were washed with 
water, dried with potassium carbonate, and evaporated. The resultant oil, dissolved in ether— 
ligroin, was set aside, and trans-2 : 3-diphenylcyclopentanone separated in colourless prisms, 
m. p. 97—98°, mixed m. p. 97—98°. Basification of the acetic acid extracts and extraction 
with ether furnished no basic material. 

2-Chloro-3 : 4-diphenyl-A?-cyclopentenone (Japp’s Chloride) (IV).—The chloride was pre- 
pared from anhydroacetonebenzil (Burton and Shoppee, Joc. cit., p. 204); it is important that 
the time of treatment with alcoholic hydrogen chloride should not exceed 24 hours. The oxime, 
obtained in almost quantitative yield by treatment with hydroxylamine acetate in alcohol 
at 40° for a week, separated from methyl alcohol in colourless cubes, m. p. 172° (Found : C, 71-8; 
H, 5-0; N, 4-8; Cl, 12-56; M, 270. C,,H,,ONCI requires C, 71:9; H, 4:9; N, 4-9; Cl, 12-5%; 
M, 283-5); treatment with acetyl chloride in pyridine on the steam-bath was ineffective, the 
unchanged oxime being recovered (Found: C, 71:75; H, 4:9; N, 4:95; Cl, 12-2%). The 
piperonylidene derivative was obtained by condensation of the chloride (1-3 g.) with piperonal 
(1-5 g.) in glacial acetic acid (10 c.c.) saturated with hydrogen chloride at 10°; after standing 
for a week at room temperature, the large yellow octahedra of the derivative were filtered off. 
Recrystallised from ethyl alcohol, the compound formed bright yellow prisms, m. p. 165° 
(Found: C, 74:7; H, 4-4; Cl, 8-5, 8-7; M, 312. C,,H,,0,Cl requires C, 74-9; H, 4:3; Cl, 
88%; M, 400). The chloride was recovered unaltered, m. p. 127°, mixed m. p. 127—128°, 
after treatment with nitrosyl chloride in benzene for 48 hours. 

Reduction of Japp’s Chloride with Hydriodic Acid and Phosphorus: Formation of 3: 4- 
Diphenyl-A*-cyclopentenone (IX).—The chloride (2 g.) was reduced as described for Allen’s 
chloride (p. 1412). The resulting ketone, after crystallisation from benzene (from which it separ- 
ated in solvated form) and then from ethyl alcohol, had m. p. 110°, mixed m. p. 110° with a 
genuine specimen prepared by the method of Japp and Lander (J., 1897, 71, 132). The 2: 4- 
dinitrophenylhydrazone (see Burton and Shoppee, this vol., p. 569), crystallised from ethyl 
acetate-ethyl alcohol, had m. p. 260° (decomp.), a mixed m. p. with a genuine specimen showing 
no depression (Found: C, 66-45; H, 4:3; N, 13-35. Calc. for C,,H,,O,N,: C, 66-7; H, 4-4; 
N, 13-5%). 

Catalytic Reduction of Japp’s Chloride : Formation of cis-3 : 4-Diphenylcyclopentanone (X).— 
Use of platinum-black with hydrogen at atmospheric pressure in alcohol was ineffective, the 
chloride being recovered unchanged, and the product obtained by ultimate evaporation of the 
alcoholic mother-liquor having m. p. 127—128°. 

When the chloride (1 g.), dissolved in alcohol, was shaken with platinum oxide (0-2 g.) in an 
atmosphere of hydrogen, 250 c.c. (Calc. for 3H,: 250 c.c.) were absorbed in 3 hours. The 
residual oil crystallised, and after draining on porcelain, was twice recrystallised from ligroin 
(b. p. 40—60°), from which it separated in colourless clusters of needles, m. p. 91°; the compound 
showed no carbonyl reactivity and appears to be cis-3 : 4-dicyclohexylcyclopentanol (Found : 
C, 80-8; H, 11-6; M, 246. C,,H,,O0 requires C, 80-2; H, 120%; M, 250), reduction of the 
phenyl groups probably being catalysed by the hydrogen chloride formed during the reduction. 

Catalytic reduction under the conditions used above for Allen’s chloride gave a solid, which 
when crystallised from ligroin (b. p. 60—80°) had m. p. 109—110°, raised by recrystallisation 
to 110°, and was identified as cis-3 : 4-diphenylcyclopentanone by direct comparison, and by 
mixed m. p. 

Oxidation of Allen’s Chloride.—(i) With ozone. The chloride (0-1 g.) in ethyl acetate (50 c.c.) 
was treated with ozonised oxygen at 15° for 70 mins. (cf. Allen and Rudoff, Joc. cit., p. 326). 
After removal of the solvent in a vacuum, the ozonide was decomposed by treatment with water 
containing a little hydrogen peroxide in the presence of ferrous sulphate; the product was 
extracted with ether, and the extract dried with sodium sulphate, partly evaporated, mixed 
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with an equal volume of acetone, and allowed to evaporate spontaneously. The crystalline 
residue consisted of benzoic acid only, m. p. 121°, mixed m. p. 121°. 

The degradation was repeated with 1 g. of the chloride dissolved in 50 c.c. of ethyl acetate 
at 0°, and the ozonide decomposed as described above. The acidified product was extracted 
twice with ether, and the combined extracts washed with sodium bicarbonate solution. The 
ethereal extract, dried and evaporated, furnished no residue; the alkaline washings were 
acidified with 2n-hydrochloric acid and repeatedly extracted with ether, and the extract dried 
with sodium sulphate and evaporated. The crystalline residue was dissolved in benzene and 
concentrated ; it afforded only benzoic acid, m. p. 120°, mixed m. p. 120—121°. No detectable 
trace of desylacetic acid was present, although this is much less soluble than benzoic acid in 
benzene and crystallises in characteristic cubes. 

Reduction of the Oxime of Japp’s Chloride: Formation of trans-3 : 4-Diphenylcyclopentyl- 
amine (as XI).—Use of 3% sodium amalgam and acetic acid in boiling alcohol furnished 
little basic material, but with platinum oxide (0-5 g.) in acetic acid the oxime (5 g.) absorbed 
1500 c.c. of hydrogen in 10 hours (Calc. for 2H,: 1560 c.c.). After filtration from platinum 
into a large volume of water, non-basic material was removed by two extractions with ether ; 
after basification, the aqueous liquor (which contained chloride ion) was repeatedly extracted 
with ether and the ethereal extracts were combined, dried with potassium carbonate, and 
evaporated under a column. The residual oil became largely crystalline on cooling, and the 
solid material was filtered off, washed with ether—ligroin (1:1), and crystallised from ether- 
ligroin (b. p. 40—60°); trans-3 : 4-diphenylcyclopentylamine formed colourless plates, m. p. 
119—120°, which absorbed carbon dioxide rapidly (Found: C, 82-5; H, 7-85; N, 5-6. C,,H,,.N 
requires C, 86:1; H, 80; N, 59%). The picrate, prepared by treating the amine, dissolved 
in dry ether, with ethereal picric acid, separated from dilute methyl alcohol in yellow prisms, 
m. p. 232° (decomp. after previous softening), and was photosensitive, darkening on exposure 
to light (Found: C, 59-7; H, 48; N, 11-6, 11-65. C,,H,,0,N, requires C, 59-2; H, 4-75; 
N, 12-0%). The acetyl derivative was prepared (a) directly from the base by means of hot 
acetic anhydride, and (b) from the picrate by treatment with anhydrous sodium acetate in 
boiling acetic anhydride. After decomposition with water, basification, and extraction with 
ether, the ethereal extract was washed repeatedly with 2n-sodium hydroxide to remove picric 
acid [in case (b) only], with water, dried with potassium carbonate, and evaporated. The two 
specimens were identical and consisted. of a single substance, 1-acetamido-trans-3 : 4-diphenyl- 
cyclopentane (A), which, twice crystallised from ether-ligroin (b. p. 40—60°), formed colourless 
cubes, m. p. 119° (Found: C, 81-5; H, 7-4; N, 5-1. C,,H,,ON requires C, 81-7; H, 7-55; 
N, 5-0%), depressed by admixture with the above amine. 

Reduction of the Oximes of cis- and trans-3 : 4-Diphenylcyclopentanone : Formation of cis- 
(as XII, XIII) and trans-3 : 4-Diphenylcyclopentylamines.—The trans-ketoxime, m. p. 121-5° 
(0-75 g.), was reduced with sodium wire (3 g.) and ethyl alcohol (45 c.c.)._ A crystalline solid 
separated on dilution with water; this was filtered off, and dried in a vacuum over potassium 
hydroxide. Crystallised from aqueous alcohol, trans-3 : 4-diphenylcyclopentylamine formed 
colourless silky needles, m. p. 119—120°. The picrate separated immediately when ethereal 
solutions of the base and picric acid were mixed; crystallised from aqueous alcohol, it formed 
photosensitive, yellow, prismatic needles, m. p. 231° (decomp. with previous softening and 
sintering) (Found : C, 59-8; H, 4:95; N,11-7%). The acetyl derivative (B) was prepared from 
the base and acetic anhydride; it separated from ether—ligtoin in cubes, m. p. 119°, mixed m. p. 
with (A) 119°, mixed m. p. with (C) (below) 119°. 

The cis-ketoxime, m. p. 137—138° (2 g.), was reduced similarly with sodium wire (8 g.) and 
ethyl alcohol (120 c.c.); dilution afforded a base which; after drying in a vacuum over potassium 
hydroxide, was acetylated with acetic anhydride. Fractional crystallisation of the product 
from benzene-ligroin yielded two isomerides; the less soluble 1-acetamido-cis-3 : 4-diphenyl- 
cyclopentane had m. p. 133—134° (Found: C, 81-45; H, 7-35; N, 5-0; M, 270. C,,H,,ON 
requires C, 81-7; H, 7:55; N, 50%; M, 279), and the more soluble isomer had m. p. 128°, 
unchanged by recrystallisation (Found : C, 81-35; H, 7-4; N, 52%; M, 292). 

Reduction of 3: 4-Diphenyl-A*-cyclopentenoneoxime: Formation of trans-3 : 4-Diphenyl- 
cyclopentylamine (as XI).—The ketone (2-35 g.), hydroxylamine hydrochloride (0-85 g.), and 
anhydrous sodium acetate were refluxed in alcohol on the steam-bath for 3 hours. The orime 
was precipitated by pouring into water, filtered off, and crystallised from aqueous methyl 
alcohol, from which it separated in pale yellow, felted needles, m. p. 179° (Found: C, 82-0; 
H, 6-0; N, 5-3; M, 246. C,,H,,ON requires C, 81-9; H, 6-0; N, 56%; M, 249). 

The oxime (2 g.) was reduced with sodium wire (8 g.) and ethyl alcohol (120 c.c.); after 
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dilution with water (500 c.c.) and extraction with ether, basic products were removed from the 
combined ethereal extracts by 2n-acetic acid. The base from the acidic solution was recrystal- 
lised from ether-—ligroin; tvans-3 : 4-diphenylcyclopentylamine formed long colourless plates, 
m. p. 117—118° (Found : C, 85-6; H, 7-8; N,6-2%). The picrate, obtained by mixing ethereal 
solutions of the base and picric acid, formed yellow plates from aqueous methyl alcohol (1 : 2), 
m. p. 232° (decomp. after previous darkening and softening) (Found: C, 59-45; H, 4-65; N, 
12-3%). The acetyl derivative (C) formed prisms, m. p. 119°, after two crystallisations from 
ether—ligroin, mixed m. p. with (A) 119°, mixed m. p. with (B) 119° (Found: C, 81-5; H, 7-2; 
N, 5:3%; M, 280). 

Reduction of trans-2 : 3-Diphenylcyclopentanoneoxime : Formation of 2: 3-Diphenylcyclo- 
pentylamine (as XIV).—The oxime (2-4 g.) was reduced with sodium wire (9°6 g.) and ethyl 
alcohol (175 c.c.). The base was extracted as above, and acetylated with boiling acetic anhy- 
dride. The dried solid material was dissolved in the minimum amount of boiling benzene, and 
the crystalline material which separated on cooling was recrystallised four times from ethyl 
acetate; 1-acetamido-2 : 3-diphenylcyclopentane was thus obtained in colourless prismatic 
needles, m. p. 187° after slight previous sintering (Found: C, 81-8; H, 7-45; N, 5-1; M, 297. 
C,,H,,ON requires C, 81:7; H, 7-55; N, 50%; M, 279). The benzene mother-liquors were 
diluted with ligroin (b. p. 60—80°) and the material which separated was also.recrystallised 
four times from ethyl acetate; the isomeric 1l-acetamido-2 : 3-diphenylcyclopentane was then 
obtained in colourless silky needles, m. p. 170—171° with slight previous sintering (Found : 
C, 81:5; H, 7-35; N, 5-1; M, 290. C,,H,,ON requires C, 81:7; H, 7-55; N, 50%; M, 279). 

Reduction of 2: 3-Diphenylcyclopentenoneoxime.—The oxime (2-3 g.) in boiling isoamyl 
alcohol (180 c.c.) was treated with sodium (9-2 g.) added in eight portions. When dissolution 
was complete, the mixture was cooled, acidified with concentrated hydrochloric acid and then 
steam-distilled to remove all volatile products. The cold acidic solution was filtered from a 
small amount of resinous material, made alkaline, and the base extracted in the above manner. 
Fractionation of the solid acetyl derivative as described in the previous paragraph gave the 
same l-acetamido-2 : 3-diphenylcyclapentanes, m. p. and mixed m. p. 186—187° and 170—171°, 
both after slight previous sintering. 

y8-Diphenyl-A*-pentenoic acid was prepared from af-diphenylpropaldehyde (36 g.) by the 
method of Burton and Shoppee (J., 1937, 548). The solid acid, which was accompanied by a 
liquid fraction probably consisting largely of a geometrical isomeride (see below), yielded an 
anilide, which crystallised from alcohol in colourless needles, m. p. 129—130° (Found : C, 83-9; 
H, 6-2. C,,H,,ON requires C, 84-4; H, 6-4%). 

y8-Diphenyl-n-valeric Acid.—Both solid and liquid y3-diphenyl-A*-pentenoic acids rapidly 
absorbed the calculated amount of hydrogen in presence of platinic oxide and methyl alcohol. 
The new acid could not be obtained crystalline; it was characterised as the anilide, which formed 
colourless needles from methyl] alcohol, m. p. 111—112° (Found: C, 83-6; H, 6-9. C,,H,,ON 
requires C, 83-9; H, 7:0%). Esterification of the saturated acid from each experiment with 
methyl alcohol containing 5% of concentrated sulphuric acid gave the same methyl y8-diphenyl- 
valerate, b. p. 206—208°/15 mm. (Found : C, 80-2; H, 7-7. C,,H,9O, requires C, 80-6; H, '7-5%). 

An unsuccessful attempt was made to synthesise ethyl y-hydroxy-y8-diphenylvalerate from 
deoxybenzoin and ethyl 8-iodopropionate by the Reformatsky reaction. 

Treatment of the methyl diphenylvalerate with sodium powder in dry benzene gave semi- 
solid materials which yielded a (?) semicarbazone, m. p. 237° (decomp.), when crystallised from 
acetic acid (Found: C, 67-8, 68-3; H, 7-1, 6-7; N, 11-55, 11-6%). 


We thank the Chemical and the Royal Society for grants in aid of this investigation. 
THE UNIVERSITY, LEEDs, 2. [Received, July 19th, 1939.] 





301. Researches in the Thujone Series. Part III. A Contribution to 
the Chemistry of Sabina Ketone. 
By ANDREW G. SHORT and JoHN READ. 


Additional data are given for crude sabina ketone (II), prepared by the per- 
manganate oxidation of d-sabinene (I). The derived ketols and ketylamines have 
been investigated. Stereochemically pure d-a-sabina ketol has been isolated and 
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converted by oxidation into pure /-sabina ketone, which has been characterised. Some 
of the structural and stereochemical relationships of sabina ketone are discussed. 





d-SABINOL, the subject of a recent communication (this vol., p. 1040), is accompanied in 
oil of savin by d-sabinene (I). This terpene, upon oxidation with either potassium 
permanganate (Wallach, Amnalen, 1908, 359, 266) or ozone (Schmidt, Angew. Chem., 
1929, 42, 127), yields levorotatory sabina ketone (II), a substance closely related to the 
thujones and containing only nine carbon atoms in its molecule. 


C:CH, co co CMe 
HCé \cH, HC \CH, H,C ‘cH HCZ ‘cH 
H,C\\ JcH, H,C\_JCH, H,C. CH H.C. cH 

CPré Pré CHPré HPr? 

(I.) (II.) (IIT.) (IV.) 


Although it has not been found in Nature, sabina ketone may be regarded as a link 
between two important natural groups of substances, of which the thujones and the 
phellandrenes, severally, are representatives. A transition between the two groups has 
indeed been realised experimentally by the conversion of sabinene into «-phellandrene 
through the intermediary of sabina ketone, in the following way. 

Sabina ketone isomerises into 4-tsépropyl-A?-cyclohexen-l-one (III) when it is heated 
with aqueous or alcoholic sulphuric acid, and further treatment with methylmagnesium 
iodide, followed by dehydration of the ensuing A*-menthen-1-ol, yields «-phellandrene (IV). 
The chemistry of these processes was elucidated by Wallach (Annalen, 1908, 359, 267), 
but the stereochemical relationships remained uncertain, apart from the fact that the 
levorotatory sabina ketone was evidently stereochemically analogous to the d-sabinene 
from which it was prepared. 

Later, the ketone (III) was isolated in its /-form from the essential oil of Eucalyptus 
cneorifolia by Cahn, Penfold, and Simonsen (J., 1931, 1366), and this -form was shown 
by Galloway, Dewar, and Read (J., 1936, 1595) to yield /-«-phellandrene (IV) when sub- 
mitted to Wallach’s procedure. The /-forms of (III) and (IV) are thus in stereochemical 
correspondence. The stereochemical connection between (II) and (III) is difficult to 
define, since it appears that (II) isomerises into (III) through the intermediate production 
of the symmetric 4-isopropyl-A*-cyclohexen-l-one (Wallach, loc. cit.). 

When reduced with sodium and alcohol, crude sabina ketone yielded a mixture of the 
two possible sabina ketols, having a>” + 65-00° (J 1). Fractional crystallisation of the 
derived p-nitrobenzoates led to the isolation of pure d-«-sabina ketol, having ai*’ + 88-84° 
(1 1). Catalytic hydrogenation of the ketone afforded a product containing more of the 
8-ketol, but this isomeride was not isolated in a pure condition. Oxidation of the pure 
a-ketol with chromic acid yielded pure /-sabina ketone. 

Amination of crude sabina ketone with ammonium formate furnished a ketylamine 
having «i®* + 43-8° (/ 1), which probably consisted of a mixture of the a- and f-isomerides 
corresponding to the above ketols. The pure p-nitrobenzoate of one of these was isolated. 


EXPERIMENTAL. 


Preparation and Properties of Sabina Ketone.—Two successive fractional distillations under 
diminished pressure of oil of savin (150 g.) (this vol., p. 1041) yielded d-sabinene (45 g.) having 
b. p. 59—60°/10 mm., ni 1-4718, af” + 68-48° (1.1). When oxidised with alkaline potassium 
permanganate according to the method of Wallach (Amnalen, 1908, 359, 266), d-sabinene (25 g.) 
furnished sodium sabinenate (40 g.). The recovered d-sabinene, al® + 63-3° (i 1), required 
less permanganate for oxidation than the original hydrocarbon, and gave a better yield of 
sodium sabinenate. In preparing this salt the filtrate and washings from the manganese sludge 
should be concentrated to about one-eighth of the original bulk; further concentration produces 
an impure product. The salt should not be washed with water, owing to its appreciable 
solubility ; it is obtained in long, colourless needles, [«]}" + 49-5° (c 1-0, water). 

Upon further oxidation with acid potassium permanganate (Wallach, Joc. cit.), sodium 
sabinenate furnished crude sabina ketone as a mobile liquid with a characteristic odour, b. p. 
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89°/10-5 mm., 25° 1-4676, d2}® 0-9568, d35° 0-9510, a2}* — 24-54° (J 1, homogeneous), [a]?!® 
— 25-64° (homogeneous), [a]}#° — 35-8° (c 2-2, alcohol) (cf. Semmler, Ber., 1900, 88, 1465 ; Wallach, 
loc. cit.). The ketone dissolves appreciably in water, but is less soluble in a saturated solution of 
potassium chloride. The yield was 65% of the calculated amount (Wallach, Joc. cit., obtained 
45%). 

Pure /-sabina ketone was prepared by oxidising d-a-sabina ketol (see below) with Beckmann’s 
chromic acid mixture, the product being washed in ethereal solution several times with saturated 
potassium chloride solution containing a little sodium hydroxide, and finally with neutral potas- 
sium chloride solution. The ketone had b. p. 97-5°/17 mm., 35° 1-4672, a?" 0-9495, al®* — 19-80° 
(i 1, homogeneous), [«]}*° — 34-2° (c 2-0, alcohol), [Rz]p 40-38 (calc., 39-51; exaltation, + 0-87). 
The semicarbazone separated from dilute aqueous methyl alcohol as a white, amorphous solid, 
m. p. 135—137°, [a]}® + 137-5° (c 1-0, methyl alcohol). The 2: 4-dinitvophenylhydrazone 
formed small, orange needles from methyl alcohol—chloroform, m. p. 124:5°, [a]}*" + 135-2° 
(c 1-0, chloroform) (Found: C, 55-5; H, 5-9. C,;H,,0,N, requires C, 56-6; H, 5-7%). The 
above-mentioned crude sabina ketone gave a semicarbazone almost identical with the above 
(cf. Semmler, Joc. cit.), but the 2: 4-dinitrophenylhydrazone had a markedly lower m. p. and 
rotatory power than the derivative made from the pure ketone ; the oxime from the crude ketone 
was a viscid syrup, b. p. 125—126°/9 mm., nl?" 1-5069, [«]}®° + 118-5° (c 2-7, chloroform). 

Treatment of the ketone with alcoholic sodium ethoxide did not affect its rotatory power 
appreciably. Treatment with hot aqueous alcoholic sulphuric acid (Wallach, Joc. cit.) yielded 
4-isopropyl-A?*-cyclohexen-l-one, b. p. 87—89°/10-5 mm., n?” 1-4789, a?” + 0-70° (7 1, homo- 
geneous). The derived semicarbazone, after seven recrystallisations from absolute alcohol, 
formed lustrous needles, m. p. 190°, and was then optically inactive. 

Reduction of Sabina Ketone.—(1) When the ketone was treated with alurainium isopropoxide 
in dry isopropyl alcohol, according to the method of Ponndorf (Z. angew. Chem., 1926, 39, 
138; cf. J., 1934, 312), little reduction occurred, although the substance was affected, as the 
recovered material had al® + 3-06° (11). This was ketonic, since it yielded a mixture of semi- 
carbazones, and was probably formed through fission of the cyclopropane ring (cf. Ber., 1929, 
62, 105). 

(2) A solution of crude sabina ketone (48 g.) in well-dried absolute alcohol (360 c.c.) was boiled 
under reflux on a sand-bath and treated gradually with sodium (40-5 g.), added in coarse pieces. 
More dry alcohol (40 c.c.) was added towards the end of the reaction, and finally the cooled 
and diluted product was neutralised with hydrochloric acid. Extraction with ether yielded an 
oil which gave two main fractions when distilled: (1) b. p. 96—101°/15 mm., ni®* 1-4673, 
ai” + 65-00° (1 1) (23-7 g.); (2) b. p. 126—132°/0-5 mm., ml?" 1-4990, al® + 50-50° (J 1) (7-0 g.). 
The second fraction decolorised bromine in chloroform, but did not react with ~-nitrobenzoyl 
chloride or 2 : 4-dinitrophenylhydrazine. 

The first fraction (23-7 g.) was mixed carefully in dry pyridine (118-5 c.c.) with p-nitrobenzoyl 
chloride (34-6 g.; 1-1 mols.) and kept overnight. The resulting ester, after three recrystallis- 
ations from methyl alcohol, yielded long, soft needles of d-a-sabinaketyl p-nitrobenzoate, m. p. 
89-5°, [a]}® + 94-5° (c 1-0, chloroform) (Found : C, 66-8; H, 6-7. C,.H,,O,N requires C, 66-4; 
H, 66%). d-a-Sabina ketol, obtained by hydrolysing this ester with hot methyl-alcoholic 
potassium hydroxide, was a very viscid liquid with a pleasant, sharp odour, b. p. 100°/16 mm., 
di 0-9397, 25° 1-4670, al® + 88-84° (J 1, homogeneous), [«]}* + 90-6° (c 1-2, alcohol), [Rz]p 
41-36 (calc., 40-85; exaltation, + 0-51). The 3: 5-dinitrobenzoate separated from aqueous 
methyl alcohol in small needles, m. p. 70-5°, [«]?” + 81-5° (c 0-6, chloroform). 

(3) Catalytic hydrogenation of sabina ketone (20 g.) in cyclohexane solution under conditions 
favourable to the absorption of 1 mol. of hydrogen yielded a viscid liquid (16-5 g.), b. p. 90— 
94°/10 mm., n3"" 1-4675, al®° + 30-76° (J 1, homogeneous), [a]}®° + 34-0° (c 1-0, alcohol). The 
derived p-nitrobenzoate, after repeated fractional recrystallisation from methyl alcohol, yielded 
d-a-sabinaketyl p-nitrobenzoate, m. p. 89-5°, identical with the substance obtained with 
considerably less difficulty by reducing sabina ketone with sodium and alcohol (see above). 
The alcohol (6-3 g.) recovered by hydrolysing the residual p-nitrobenzoate had b. p. 81—83°/8 
mm., #3" 1-4671, al® + 25-16° (J 1). It was not found practicable to isolate a second 
homogeneous substance from this mixture of alcohols. 

Amination of Sabina Ketone.—The crude ketone (17 g.) was heated with ammonium formate 
(25 g.) over wire gauze in a small Claisen flask set for distillation. After about 30 minutes the 
temperature reached 160° and the mixture became homogeneous. When the temperature reached 
190° the non-aqueous part of the distillate was returned to the flask, and the temperature was 
kept at 200° for 3 hours. The cold mixture was treated with water and extracted with chloro- 
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form. The washed and dried extract yielded a viscid syrup, which after distillation under 
diminished pressure had n}?* 1-4935, [a]}?" + 52-7° (c 1-9, chloroform). 

The syrup (12 g.) was heated under reflux for 12 hours with a 10% alcoholic solution of hydro- 
gen chloride (120 c.c.). Basification, followed by steam-distillation, yielded sabinaketylamine 
as a mobile liquid with a strong basic odour, b. p. 63—64°/19-5 mm., 1?" 1-4705, al® + 43-8° 
(2 1, homogeneous). The amine rapidly absorbed atmospheric carbon dioxide to form a solid 
derivative crystallising in needles. A p-nitrobenzoylsabinaketylamine was obtained as a homo- 
geneous substance after three recrystallisations of the crude ~-nitrobenzoyl derivative from 
methyl alcohol; it formed soft, feathery needles, m. p. 141°, [a]}®° + 84-0° (c 1-0, chloroform) 
(Found: C, 66-6; H, 6-7. C,gH., O,N, requires C, 68-0; H, 6-7%). A hydrochloride was also 
obtained which crystallised from alcohol-acetone in glistening plates, m. p. 225° (decomp.), 
[a]}*" + 36-1° (c¢ 0-8, water). 

The non-volatile residue in the above steam-distillation, when extracted with ether and 
distilled under diminished pressure, furnished a yellowish-green, somewhat viscid oil, b. p. 
166—167°/9-5 mm., uz!" 1-4987, [«]}?" + 60-6° (c 1-2, chloroform). It had a basic odour, and 
formed an ill-defined solid compound with hydrochloric acid. The analysis corresponded to 
disabinaketylamine (Found: C, 82:3; H, 11-5; N, 6-1. C,,H,;,N requires C, 82-8; H, 11-9; 
N, 5:4%) (cf. J., 1938, 2021). 


We thank the Carnegie Trust for the Universities of Scotland for the award of a Research 
Scholarship to one of us (A. G. S.) and Imperial Chemical Industries, Ltd., for a grant. 
Tue UNIversity, St. ANDREWS. [Received, July 21st, 1939.] 
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302. Phellandrene Nitrosites. Part II. The «- and the 
8-Nitrosite of d-«-Phellandrene. 


By P. A. Berry, A. KILLEN MAcBETH, and T. B. SwANson. 


The a- and the §-mnitrosite of d-a-phellandrene have been prepared, and their 
properties described. 


In Part I (this vol., p, 466) the physical constants and the mutarotation effects of /-«- 
phellandrene «-nitrosite described by Read and his co-workers (Smith, Hurst, and Read, 
J., 1923, 123, 1657; Smith, Carter, and Read, J., 1924, 125, 930) were confirmed; it was 
shown that preparations of the 6-nitrosite could be isolated which had specific rotations in 
chloroform of upwards of — 200°; and the ready transmutation of such samples to the 
a-nitrosite was described. 

The nttrosites of d-«-phellandrene (isolated from the terpene fraction of Elem: oil kindly 
supplied by Messrs. Stafford Allen and Sons, Ltd.) have now been examined, and closely 
similar effects have been observed. The purified a-nitrosite had m. p. 119—120°, and the 
values of its specific rotation in various solvefits, though somewhat lower, are of approxim- 
ately the same magnitude as those of /-«-phellandrene «-nitrosite, but of opposite sign, 
so the substances may be regarded as optical antipodes. Close agreement was also found 
between the preparations of the 6-nitrosites, which had similar rotations in chloroform ; 
so these may also be regarded as stereoisomeric, although it is doubtful if the highest 
degree of optical purity has yet been attained. Values of the specific rotations are 
recorded below for solutions of approximately the same concentration (c, 1-25) in various 


solvents, at 25°. 
“* Converted ”’ 
a-Nitrosite of Nitrosite of nitrosite of 
Solvent. d-a-. l-a-. -a-. l-a-. d-a-. l-a-. 
RBCRNE  Rceciddisii ccc “3S +i + 170° — 168° — 163° + 175° 
DIS. cis crsscsccsceniichinnen Se + 227-6 + 211 — 214 — 209 + 240 
ee a PS + 142 +171 — 180 — 131 + 141 


The transmutation of d-«-phellandrene £-nitrosite into the «-nitrosite in boiling solution 
has also been observed; ¢.g., a sample of the 6-nitrosite, m. p. 100°, [«]>* + 200°, gave, 
after boiling with acetone for a few minutes, a crystalline product, m. p. 118°. The specific 
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rotations recorded above and the mutarotation curves shown in Figs. 1 and 2 established 
the identity of the product with d-a«-phellandrene «-nitrosite. The crude material pre- 
cipitated from the mother-liquor by addition of methyl alcohol was also levorotatory, 
having [«]?" — 60° in chloroform, so complete inversion of sign resulted from the treat- 
ment, followed by partial mutarotation of the «-nitrosite. 

The mutarotations of the nitrosites in various solvents were examined, but as these 
closely followed the standard types established by Read and his co-workers (loc. cit.) for 
the corresponding derivatives of /-«-phellandrene, being of opposite sign, only a few typical 
curves are shown in the figures. 


Fic. 1. 
Ti 


Yo 
NA 


Be 
8, 
< 
a) 
3 
8 
.o 
x 
~ 
S 
& 


t+ + + 


200 240 260 320 440 480 520 
ume (mins.). 
Upper Curves. 


. d-a-Phellandyvene a-nitrosite in benzene. 
. d-a-Phellandrene B-nitrosite in benzene. 


Lower Curves. 


. d-a-Phellandrene a-nitrosite in chloroform +- nN/10-piperidine. 
. “* Converted ’’ nitrosite in chloroform +- N/10-piperidine. 


EXPERIMENTAL. 


d-a-Phellandrene.—The terpene fraction of Elemi oil (500 c.c.), when distilled under reduced 
pressure through a column packed with aluminium Lessing rings, gave two main fractions : 
(1) b. p. 53°/11 mm. (220 c.c.), nB” 1-4729, di 0-8475, ap + 72-5° (homogeneous), [a]>” + 85-5°; 
(2) b. p. 58—64°/11 mm. (172 c.c.), ni” 1-4734, d3f- 0-8473, ap + 62-4° (homogeneous), [a]p" 
+ 74-8°. These fractions were used in the preparation of the nitrosites, and the flask residue 
was discarded [90 c.c.; 30° 1-4802, d3%: 0-8781, ap + 34-5° (homogeneous), [a]>” + 39-3°). 

Preparation of a- and B-nitrosites. The method closely followed that described in Part I 
(loc. cit.). Ina typical experiment 100 c.c. of one of the d-a-phellandrene fractions was converted 
into the nitrosite in the usual way (Smith, Hurst, and Read, Joc. cit.) and after an hour the 
crude nitrosite was filtered off and successively washed with alcohol and water. After being 
pressed to remove water, the material was stirred to a thin cream (twice) with carbon 
disulphide (100 c.c.), boiled, and filtered. Crude $-nitrosite was recovered from the filtrate by 
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dilution with methyl alcohol, the precipitate (1-2 g.) after being washed with methyl alcohol 
having [a]? + 140-6° in chloroform (c, 1-23). The original residue (19-4 g.), [a]}” + 51-6° after 
being dried on a tile, was stirred into boiling chloroform (50 c.c.) and, after the addition of methyl 
alcohol (200 c.c.), placed in the refrigerator for a few hours. The residue was filtered off, washed 
with methyl alcohol (45 c.c.), and used for the preparation of the pure «-nitrosite (see below). 
d-a-Phellandrene 8-nitrosite (0-9 g.) separated from the filtrate on standing in the refrigerator for 
15 hours after the addition of water (80c.c.). It had m. p. 100°, [«]?” + 198-3° in chloroform 
(c, 1:15) (Found: N, 13-4. C,9H,,0,N, requires N, 13-2%). Samples of the B-nitrosite from 
other preparations had specific rotations in chloroform of + 200-3°, + 205-7°, and + 211°. 


Fic. 2. 
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I. d-a-Phellandrene a-nitrosite in chloroform. 
Il. d-a-Phellandrene B-nitrosite in chloroform. 
IIl. ‘‘ Converted ’’ nitrosite in chloroform. 


Lower Curves. 


I. d-a-Phellandrene a-nitrosite in acetone. 
II. d-a-Phellandrene B-nitrosite in acetone. 


The residue (above), which was still feebly dextrorotatory, was worked up for «-nitrosite 
by repeated solution in chloroform and precipitation with methyl alcohol. After two treatments 
the substance had m. p. 117°, [a]? — 132-9°, and after five, m. p. 119°, [a]? — 133-8° in 
chloroform (c, 1-265). These values were not further improved by two more treatments. 
d-a-Phellandrene «-nitrosite was isolated as fine, white needles, m. p. 119°, [a]? — 133-8° in 
chloroform (c, 1-265), — 168-4° in acetone (c, 1-253), and — 217° in benzene (c, 1-255) (Found : 
N, 13-1%). 

Transmutation of d-a-Phellandrene 8-Nitrosite into the a-Nitrosite—Ready conversion of 
the labile 6- into the «-nitrosite occurs on boiling solutions for a few minutes; eé.g., B-nitrosite 
of m. p. 100° and [«]?” + 200° in chloroform, when refluxed for 5 minutes in acetone and cooled, 
crystallised as fine white needles, m. p. 118°, [a]?”” — 132-5° in chloroform (c, 1-26). The specific 
rotation in other solvents, and the similarity of the mutarotation of this product in various 
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solvents to those of the pure «-nitrosite, established its identity with the latter. A precipitate of 
impure «-nitrosite, m. p. 100—102°; [a]??” — 59-7° (c, 0-99 in chloroform), was recovered from the 
mother-liquor on standing overnight in the refrigerator after the addition of methyl alcohol. 
Inversion of sign was therefore complete, the crude substance being apparently contaminated 
by traces of the mutarotation products of the «-nitrosite. Similar transmutation was also 
observed on refluxing with other solvents. 

Mutarotation Effects.—These were in all cases examined at 25°, the solutions employed being 
of substantially the same concentration. The complete changes in typical cases are shown 
in Figs. 1 and 2, and the effects in various solvents are summarised below. 

d-a-Phellandrene «-nitrosite : in benzene (c, 1-2552) there was a steady fall from the initial 
value — 217-5° (5 mins.) with inversion of sign occurring after some 6 hours (+ 9-6°), the final 
value + 145° being reached after 48 hours; in acetone (c, 1-253) a somewhat similar series of 
changes, — 168-4° (5 mins.), + 11-2° (11 hrs.), + 95° (48 hrs.); in chloroform (c, 1-2536), 
— 134° (5 mins.), + 24° (7 hrs.), + 86° (33 hrs.); in chloroform containing n/10-piperidine, 
— 95-8° (2 mins.), + 7-2° (9 mins.), + 29-5° (18 and 30 mins.), — 2-4° (1 hr.), — 24° (2 hrs.), 
— 18° (5 hrs.). The “ converted ”’ nitrosite gave very similar values. 

d-a-Phellandrene $-nitrosite : in benzene (c, 1-2532), + 171-5° (5 mins.), + 70° (minimum, 
10—12 hrs.), + 155° (50 hrs.), + 166° (72 hrs.); in acetone (c, 1-2576), + 162° (4 mins.), 
+ 31-8° (minimum, 11 hrs.), + 102° (48 hrs.), + 113° (72 hrs.); in chloroform (c, 1-26), + 210° 
(2 mins.), + 166° (24 hrs.), + 136° (72 hrs.); in acetone containing n/10-piperidine (c, 1-234), 
+ 117-5° (3 mins.), + 10° (8 mins.), — 54° (15 mins.), — 74° (20 mins.), — 105° (30 mins.), 
— 110° (1-5 hrs.), — 92° (60 hrs.). 
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303. Condensation Products of Phenols and Ketones. Part IV. 
o-Cresol with Acetone. 


By Witson BAKER and D. M. BEsLy. 


Two molecules of o-cresol condense with three molecules of acetone in presence of 
concentrated sulphuric acid or a mixture of hydrochloric acid and acetic acid to give a 
dihydric phenol. Analysis of this substance and of a number of derivatives shows that 
it possesses the formula C,,;H,,O,, and its degradation to phoronic anhydride proves 
that it is a bis-1 : 1’-spiyohydrindene in which the orientation of the hydroxyl and 
methyl groups in the cresol nuclei are probably as shown in formula (II). 


o-CRESOL (2 mols.) condenses with acetone (1 mol.) in presence of concentrated hydro- 
chloric acid at room temperature to give di-(4-hydroxy-3-methylphenyl)dimethylmethane 
(I) (Zincke, Annalen, 1913, 400, 33). More complex products formed from o-cresol (2 mols.) 
and acetone (3 mols.) have been described by Niederl and Casty (Sitzungsber. Akad. Wiss. 
Wien, 1928, 137, IIb, 1038) and by Siikésd (Acta Lit. Sci. Univ. Hung. Francisco- Josephine, 
1932, 2, 230). Niederl and Casty condensed o-cresol with acetone or phorone in presence of 
concentrated sulphuric acid and isolated from the reaction products a dihydric phenol 
(“‘ di-o-cresylphorone ’’), m. p. 245°, believed to possess the molecular formula C,,H,,03;, 
and to which was ascribed the structure HO-C,H,;Me*CMe,°CH,°CO-CH,’CMe,°C,H,Me-OH, 
the hydroxyl groups being first placed in the ortho-positions and later in the para-positions 
to the -CMe,* groups (Niederl, Sttzungsber. Akad. Wiss. Wien, 1932, 141, IIb, 150). The 
compound failed to react with ketonic reagents and it was suggested that this was due to 
steric hindrance. These authors further mention a dibenzoyl derivative and a dimethyl 
ether (neither analysed) and a dibromo-derivative (Br analysis) (see experimental section). 

Siikésd heated a mixture of o-cresol, acetone, acetic acid and concentrated hydrochloric 
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acid and isolated the condensation product as a diacetyl derivative, C,,H3,0,, m. p. 263— 
264°. On the basis of the formula of the diacetate the free phenolic compound should be 
Cy3H,,02, containing one molecule of water less than the product described by Niederl and 
Casty. Siikésd proposed for the substance the stereochemically impossible structure 
HO-C,HMe(CMe,),C,HMe-OH (cf. a similar structure proposed for the condensation 
product of catechol with acetone which has been proved to be incorrect; Baker, J., 1934, 
1678; Baker and McGowan, J., 1938, 347), but Fisher, Furlong, and Grant (J. Amer. Chem. 
Soc., 1936, 58, 820) considered that it was more probably the bis-1 : 1’-spirohydrindene (II), 
the suggestion being based on the structure of a condensation product of catechol with 
acetone (Baker, Joc. cit.). Fisher, Furlong, and Grant further suggested that the product 
Cy3H 3,0, obtained by Niederl and Casty was an intermediate in the formation of Siikésd’s 
compound Cg,Hg,0x. 


CMe, 
H, Me 
(I.) H H H H (Il). 
M e M H, 
Me, Me, 


It has now been found that the condensation products obtained by the methods of 
Niederl and Casty and of Siikésd are identical, the most convenient method for the prepar- 
ation of the compound being a modification of Siikésd’s process. Both the products them- 
selves and their diacetyl derivatives have been directly compared, and since the condens- 
ation products are most easily isolated as acetyl derivatives it has been further established 
that the compound isolated directly is unchanged after being converted into the acetyl 
derivative and regenerated by hydrolysis. Analysis of the compound shows that it is 
Cy3H_,0,, and not C,,H3,03, and this formula is supported by the analyses of the diacetate, 
the dibenzoate, the di-p-nitrobenzoate, the dimethyl ether, and the dibromo-compound. The 
presence of the grouping C-CMe,*CH,°C*CH,°CMe,C is proved by the isolation of phoronic 
anhydride in small quantity from the products of the oxidation of the substance with 
potassium permanganate, and this directly proves that it is a dihydroxydimethyl- 
3:3: 3’: 3’-tetramethylbis-1 : 1’-spivohydrindene as in (II), the reasoning being similar to 
that employed in previous cases (Baker and McGowan, Joc. cit.; Baker and Besly, this vol., 
p. 195). The hydroxyl and methyl groups in the o-cresol nuclei probably occupy the 
positions shown in (II) (see Baker and Besly, loc. cit., p. 197), and this view is strongly 
supported by the observation that (II) may be easily prepared from the diphenyldimethyl- 
methane derivative (I) by heating with hydrochloric acid and acetic acid, its formation 
being accompanied by liberation of o-cresol. 

The action of hot concentrated nitric acid in acetic acid on (II) leads to the production of 
two nitro-compounds, which are probably degradation products. 


EXPERIMENTAL. 

Preparation of 6 : 6'-Dihydroxy-3 : 3:5: 3’ : 3’ : 5'-hexamethylbis-1 : 1'-spirohydrindene (I1).— 
(a) From o-cresol and acetone. A mixture of o-cresol (100 g.), acetic acid (250 c.c.), acetone 
(75 c.c.), and concentrated hydrochloric acid (190 c.c.): was heated under reflux on a boiling 
water-bath for 60 hours, and then stirred into water. The very thick mass was collected, 
washed by kneading under water, dried by heating under diminished pressure on the water-bath, 
and boiled with acetic anhydride (300 c.c.) and pyridine (5 c.c.) for 6 hours. To the hot liquid, 
water (200 c.c.) was now cautiously added while shaking, and then alcohol (150 c.c.), and the 
crystalline product collected after cooling. This diacetyl derivative was washed with cold 
alcohol till quite white, then with water, dried (the yield of the almost pure compound being 32 g.), 
and hydrolysed by heating on the water-bath for 1 hour with alcohol (100 c.c.) and a solution of 
sodium hydroxide (16 g.) in water (64 c.c.). The solution was diluted with water (200 c.c.) and 
acidified with hydrochloric acid, and the white solid collected, washed, dried (yield, 22 g.) and 
crystallised from xylene (100 c.c.). After several crystallisations 6: 6’-dihydroxy- 
3: 3:5: 3’: 3’ : 5’-hexamethylbis-1 : 1’-spivohydrindene (II) formed almost 1 cm. long, pointed, 
four-sided bi-pyramids, m. p. 245—246° (Found : C, 82-0; H, 8-2; M, 323. Calc. for C,,H,,0,: 
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C, 82-2; H, 8-3%; M, 336). The sodium salt is very sparingly soluble in dilute aqueous sodium 
hydroxide even on heating. Its alcoholic solution develops no characteristic colour with ferric 
chloride, and it dissolves in concentrated sulphuric acid with an orange colour. It separates 
from pyridine in long, thin, prismatic needles containing pyridine of crystallisation which is 
readily lost in contact with organic solvents or on warming, the crystals becoming opaque. 
Niederl describes the substance as hexagonal plates from alcohol, m. p. 245°. 

(b) From di-(4-hydroxy-3-methylphenyl)dimethylmethane (I). A solution of (I) (21 g.) in acetic 
acid (50 c.c.) and concentrated hydrochloric acid (37-5 c.c.) was heated on the water-bath for 48 
hours. After standing overnight, the white, crystalline product was collected, washed with 50% 
acetic acid, then water, and dried (yield, 1:3 g.). It had m. p. 244—245° and was identical with 
the 6: 6’-dihydroxy-3 : 3: 5: 3’ : 3’ : 5’-hexamethylbis-1 : 1’-spirohydrindene (II) prepared by 
method (a). The acid liquor from which the product had separated was steam-distilled 
(o-cresol, 9-6 g., being isolated from the distillate by ether extraction), and the non-volatile, red 
resin was acetylated [see (a)] and yielded 2-75 g. of the diacetate of (II). 

Diacetate of (I1).—The pure condensation product (II) obtained as above was reacetylated 
with acetic anhydride and then crystallised three times from acetic acid. As this product 
contained a little free acetic acid which was lost only with difficulty on heating, it was sublimed 
over anhydrous potassium carbonate at 20 mm. pressure and obtained in thick, highly refracting, 
glistening plates, m. p. 266—267° (Found: C, 77-0; H, 7-6; Ac, 20-0. Calc. for C,,H;,0, : 
C, 77-2; H, 7-6; Ac, 20-0%). Siikésd records m. p. 263—264° for this compound. 

Dibenzoate of (II).—Compound (II) (2 g.), pyridine (8 c.c.), and benzoyl chloride (1-7 g.; 2 
mols.) were heated on the water-bath for 20 minutes; the product obtained on the addition of 
dilute hydrochloric acid crystallised when rubbed with a little alcohol. The dibenzoyl derivative 
was crystallised twice from alcohol and found to be dimorphous; it separated in glistening, 
highly refracting, transparent rhombs («-form) and a few larger opaque prisms ($-form). The 
a-form has m. p. 170—171°, but at or above this temperature it rapidly solidifies as the B-form, 
which subsequently melts at 201° (Found: C, 81-6; H, 6-7. C3,H 5,0, requires C, 81-6; H, 

6-7%). Niederl and Casty mention a dibenzoate of the o-cresol—acetone condensation product, 
m. p. 130°, but it was not analysed, and it is very doubtful if the compound was really the 
dibenzoate. 

Di-p-nitrobenzoate of (I1).—This substance was prepared from (1) (2 g.), pyridine (8 c.c.), and 
p-nitrobenzoyl chloride (2-22 g.; 2 mols.) as in the preceding case. After crystallising twice 
from a large volume of acetic acid it was obtained in very faintly yellow bunches of flattened 
prisms, m, p. 247—-248° (Found in material heated at 200° for } hour over potassium carbonate : 
C, 70-4; H, 5-5; N, 4-5. C3,H,,O,N, requires C, 70-1; H, 5-4; N, 44%). 

Dimethyl Ether of (11).—Compound (II) (5 g.), water (75 c.c.), and potassium hydroxide 
(7-5 g.) were treated with sufficient acetone to cause solution, and then shaken with the gradual 
addition of methyl sulphate (10 c.c.) and a further quantity of potassium hydroxide (7-5 g.), the 
mixture being finally heated on the water-bath for $ hour. The solid product was collected after 
the addition of water, washed, and crystallised several times from alcohol (yield, 4 g.). It 
formed highly refracting, almost square, thick tablets resembling crystalline sucrose, m. p. 
158—159° (Found: C, 81-9; H, 8-9. C,,H,,O, requires C, 82-4; H, 8-8%). This compound is 
dimorphous; during the first crystallisations it separated not only in the form described above, 
but also in prismatic needles with obliquely truncated, sharp ends, which when recrystallised 
gave the tablet form. Niederl and Casty give the m. p. of the dimethyl ether as 154°, but no 
further description of the substance, its preparation or analysis. 

7: '7' -Dibromo -6 : 6' -dihydroxy-3: 3:5: 3' : 3’ : 5'-hexamethylbis-1: 1'-spirohydrindene.— 
This substance was prepared from (II) according to the directions of Niederl and Casty. It was 
crystallised twice from alcohol and obtained in thick, colourless, hexagonal plates, m. p. 224° 
(Found: C, 56-2; H, 49; Br, 33-2. Calc. for C,,H,,O.Br,: C, 55:8; H, 5-3; Br, 323%) 
(Niederl and Casty record m. p. 220° and found Br, 32-0 and 31-1%). 

Oxidation of (Il) and Isolation of Phoronic Anhydride—tThe pure substance (II) (5 g.) was 
dissolved in warm acetic acid (300 c.c.), and saturated aqueous potassium permanganate solution 
_ added with shaking until present in excess after standing 12 hours. After excess of sulphur 
dioxide had been passed, the solution was extracted with ether, and the product left on removal 
of the solvent was boiled with water, the filtrate yielding to ether a product which crystallised 
from light petroleum (b. p. 80—100°) in colourless prismatic needles (few mg.), m. p. 117—121°, 
which had m. p. 120—122° when mixed with an authentic specimen of phoronic anhydride, 
m. p. 128—129°. 

Action of Nitric Acid on (II).—A mixture of compound (II) (1 g.), acetic acid (7-5 c.c.), and 
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nitric acid (d 1-42; 2-5 .c.c.) was heated on the water-bath for 1 hour and diluted with water, the 
yellow precipitate (1-1 g.) collected, washed, and dissolved in boiling methyl alcohol, and the 
solution concentrated to one-half its bulk. The yellow, almost rectangular plates which 
separated (0-5 g.) were recrystallised several times from methyl alcohol and then had m. p. 
233—234° (vigorous decomp.) (Found : C, 54-6, 54-8; H, 6-3, 6-2; N, 5-7; in material heated at 
150° for } hour: C, 57-9; H, 5-6; N, 58%). The originally clear crystals of the substance 
became somewhat opaque when removed from the solvent. It dissolved in warm sodium 
bicarbonate solution with an orange-yellow colour. 

The methyl-alcoholic mother-liquors from the crystallisation of the preceding compound 
were diluted with water, and the precipitated substance was crystallised several times from dilute 
ethyl alcohol. It separated in yellow prismatic needles, m. p. about 225° (decomp.; rapid 
heating) (Found : C, 56-7; H, 5-7; N, 56%). It dissolved in warm sodium bicarbonate solution 
with a pale yellow colour, and was much more easily soluble in ethyl alcohol than the previously 
described nitro-compound. 


The authors’ thanks are due to the Dyestuffs Group of Imperial Chemical Industries, 
Ltd., for grants. 
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304. The Active Principles of Leguminous Fish-poison Plants. 
Part III. The Structure of Elliptone. 


By STANLEY H. HARPER. 


The structure advanced for elliptone (I, R = H) in Part II (this vol., p. 1099) is 
placed beyond doubt by degradation experiments. Dehydroelliptone with zinc 
and alkali yields elliptic acid, oxidation of which with alkaline hydrogen peroxide 
gives derric acid (IV). This establishes the identity of rings A, B, and C with those 
of rotenone and isorotenone. J/-Elliptone with alcoholic alkali gives 4-hydroxy- 
coumarone-5-carboxylic acid (V, R=H), whereas isorotenone under the same conditions 
gives 4-hydroxy-2-isopropylcoumarone-5-carboxylic acid (isotubaic acid) (V, R = Pr’). 
This establishes the nature of rings D and E and hence that of the whole molecule. 


In Part II (this vol., p. 1099) the isolation of /-elliptone from Derris elliptica root was 
described, and from a study of its reactions and the similarity of these with those of 
isorotenone (I, R = Pr), it was assigned the structure (I, R=H). Degradation 
experiments, now described, have placed this structure beyond doubt. 

Dehydrorotenone and isodehydrorotenone (II, R = Pr*) on treatment with zinc and 
alcoholic alkali (LaForge and Smith, J. Amer. Chem. Soc., 1930, 52, 1091) or with alcoholic 
alkali alone (Butenandt, Annalen, 1928, 464, 253; Butenandt and Hildebrandt, id:d., 1930, 
477, 245) add two molecules of water with opening of rings B and C to give derrisic and 
isoderrisic acid (III, R = Pr®) respectively. Oxidation of these with alkaline hydrogen 
peroxide (LaForge and Smith, loc. cit.) gives derric acid (IV) by fission at the keto-group. 
It has now been found that dehydroelliptone (Cy9H,,0,) similarly adds two molecules of 
water, on treatment with zinc and alcoholic alkali, to give a monobasic phenolic acid 
(CygH,,0,) for which the name elliptic acid is suggested. Diazomethane in benzene-ether 
gives the methyl ester, the phenolic group remaining unattacked and so indicating that it 
is diortho-substituted. Oxidation of elliptic acid with alkaline hydrogen peroxide gives 
derric acid (IV) in good yield. It follows that the degradation has taken the same course 
as with rotenone and isorotenone, and therefore rings A, B, and C of these are identical 
with those in elliptone. 

To elucidate the nature of rings D and E the action of alcoholic alkali on /-elliptone 
was studied. Cleavage of isorotenone with alcoholic alkali yields isotubaic acid (V, R = 
Pr*) (Takei, Koide, and Miyajima, Ber., 1930, 63, 508; Butenandt and Hildebrandt, Joc. 
cit.; Haller and LaForge, J. Amer. Chem. Soc., 1930, 52, 2480). It is now found that 
l-elliptone is similarly cleaved by alcoholic alkali to give a monobasic phenolic acid, 
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C,H,0,, m. p. 221°, which gives a deep blue colour with ferric chloride and on heating 
above the melting point loses carbon dioxide to yield a phenol which no longer gives a colour 
with ferric chloride. Diazomethane in ether methylates only the carboxyl group, indicating 
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that the phenolic group is diortho-substituted. This acid differs from both tubaic and 
isotubaic acids. On the basis of formula (I, R = H) for elliptone this acid should be the 
unknown 4-hydroxycoumarone-5-carboxylic acid (V, R =H). Synthesis of this has 
therefore been effected by the method used by Reichstein and Hirt (Helv. Chim. Acta, 
1933, 16, 121) for isotubaic acid (V, R = Pr®), 4-hydroxycoumarone (VI, R = H) being 
carboxylated in the presence of sodium methoxide at 180°. The 4-hydroxycoumarone-5- 
carboxylic acid (V, R = H) so obtained is identical with the acid formed by cleavage of 
l-elliptone, further comparison being effected through the methyl ester. The identification 
of this acid establishes the nature of rings D and E and, coupled with the formation of 
derric acid, places beyond doubt the structure of elliptone as being (I, R = H). It follows 
also that dehydroelliptone is represented by (II, R = H) and elliptic acid by (III, R = H). 

It has been necessary for this work to prepare dehydroelliptone in a larger quantity than 
previously. After the dehydroelliptone has been separated, the mother-liquor deposits a 
second substance, crystallising from alcohol in colourless plates, m. p. 176°. By analogy 
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with rotenone and isorotenone this should be the acetate of elliptolone (VIIa or 6), and this 
supposition was confirmed because alkaline hydrolysis afforded an alcohol, which on 
dehydration with alcoholic sulphuric acid gives dehydroelliptone. Also, the acetate, on being 
refluxed with alcoholic sulphuric acid, gives dehydroelliptone quantitatively, and when 
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heated above its m. p. it loses acetic acid to give dehydroelliptone, which solidifies and 
then remelts at 264°. This explains the observations of Buckley (J. Soc. Chem. Ind., 
1936, 55, 285T) and of Meyer and Koolhaas (Rec. Trav. chim., 1939, 58, 207), who, in 
preparing the dehydro-compound, obtained from the mother-liquor a second crop which 
showed a double melting point, 178—264° and 176—252°, and was apparently regarded 
by them as a dimorphic form of the dehydro-compound. 

It was shown in Part II (loc. cit.) that /- and dl-elliptone give «- and B-oximes depending 
on whether the preparation is carried out in alcohol («) or in pyridine (8); neither of these 
oximes is of the isooxime type described by Butenandt (/oc. cit.). This observation has been 
extended to rotenone, which gives a similar pair of oximes: a-, m. p. 237°, and 6-, m. p. 
249°. The fact that previous workers had obtained both the 6-form (Kariyone and Atsumi, 
J. Pharm. Soc. Japan, 1923, 10, m. p. 245°; Butenandt, loc. cit., m. p. 249°; Wright, 
J. Amer. Chem. Soc., 1928, 50, 3355, m. p. 252°) and the a-form (Takei, Ber., 1928, 61, 
1004, m. p. 239°) in sodium acetate-alcohol suggested that this isomerism was in reality 
dimorphism. This has been shown to be the case by seeding a saturated solution of 
rotenone «-oxime with the 8-form, whereupon separation occurs entirely in this form. The 
author’s preparations have always led to the «-form from alcohol and the $-form from 
pyridine. It followed that the isomerism recorded for /- and dl-elliptone oximes was 
probably due to dimorphism. This has been proved, for on being seeded with the 8-form, 
the a-changes completely to the 6-form, showing that the higher-melting oxime is the 
more stable. 


EXPERIMENTAL. 


Microanalyses are by Drs. Weiler and Strauss, Oxford. Methoxyl determinations are by 
the author, using Clark’s semimicro-method (J. Assoc. Off. Agric. Chem., 1932, 15, 136). M.p.’s 
are uncorrected. 

O-Acetylelliptolone.—l-Elliptone (6 g.) in boiling ethyl alcohol was oxidised with iodine as 
described previously (this vol., p. 1103). After cooling to room temperature the dehydroelliptone 
(3-3 g.) that had separated was filtered off. The filtrate was kept in a refrigerator overnight, 
a crop of colourless plates (1-1 g.) separating. A further crop (0-3 g.) was obtained on concentrat- 
ing the mother-liquor and removing the sodium acetate that separated. The bulked crops were 
crystallised from ethyl alcohol to give O-acetylelliptolone, m. p. 175-5° [Found: C, 64-1; H, 
4-5; OMe, 15-9; CH,’CO, 8-9. Cy H,,0,(CO-CH,) requires C, 64:35; H, 4-4; OMe, 15-1; 
CH,°CO, 10-56%]. When heated above its m. p., it evolved acetic acid to give dehydroelliptone, 
which crystallised and then remelted at 264°. Refluxing in 5% alcoholic sulphuric acid for 8 
hours gave a quantitative yield of dehydroelliptone. 

Elliptolone.—The acetyl derivative (250 mg.) was refluxed with 0-5n-alcoholic potassium 
hydroxide (20 c.c.) for 2 hours. The diluted solution was acidified, the precipitate taken up 
in ether, and the extract washed with 2% potassium hydroxide and water, dried, and evaporated. 
The ellipiolone (130 mg.) crystallised from a small volume of ethyl alcohol in dense colourless 
prisms, m. p. 228° (Found: C, 65-3; H, 4-55; OMe, 16-9. C,,H,,0, requires C, 65-2; H, 4-4; 
OMe, 169%). Refluxing in 5% alcoholic sulphuric acid for 8 hours gave a 77% yield of 
dehydroelliptone. 

Eliiptic Acid.—Dehydroelliptone (2 g.), zinc dust (8 g.), and 15% potassium hydroxide 
solution (20 c.c.) in ethyl alcohol (60 c.c.) were refluxed for 2 hours. The filtered liquid was 
acidified (hydrochloric acid) and diluted till crystallisation commenced, elliptic acid (1-68 g.) 
separating as colourless hair-like needles. It could be recrystallised from dilute ethyl alcohol, 
m. p. 190°, and gave a blue-green colour with ferric chloride (Found: C, 62-1; H, 5-0; OMe, 
16°35. CyoH,,O, requires C, 62-2; H, 4-7; OMe, 16-1%). The acid in benzene-ether was 
treated with excess of diazomethane and kept at 0° for 24 hours; after evaporation of solvent, 
the residue was crystallised from ethyl alcohol, yielding methyl elliptate as long needles, m. p. 
143°, which gave a blue-green colour with ferric chloride (Found: OMe, 23-35. C,,H,.O, 
requires OMe, 23-25%). 

Degradation to derric acid, 20-Vol. hydrogen peroxide (10 c.c.) was added slowly to elliptic 
acid (2 g.) in 5% potassium hydroxide solution (25 c.c.) at 60°, considerable charring occurring ; 
the solution was heated to boiling, to decompose any excess hydrogen peroxide, cooled, and 
acidified. The carbonaceous precipitate was removed, and the filtrate extracted continuously 
with ether for 48 hours [derric acid was found to be very soluble in water, and the low yield from 
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derrisic acid reported by LaForge and Smith (loc. cit.) was probably due to incomplete extrac- 
tion]. The dried ethereal extract was evaporated, and the residue, which solidified, was tritur- 
ated with small portions of ether to remove coloured impurities, giving nearly pure derric 
acid (760 mg., 55% of the theoretical). Purification was effected by crystallisation from ethyl 
acetate—cyclohexane (2 : 1), from which the acid separated in narrow plates, m. p. 167° (Found : 
OMe, 23-0. Calc. for C,,H,,0O,: OMe, 23-0%). Diazomethane in ether gave dimethyl] derrate, 
which, crystallised from low-boiling petrol, had m. p. 66° (Found: OMe, 41:55. Calc. for 
C,,H,,0,: OMe, 41:6%). An authentic specimen of derric acid was prepared by oxidation 
of derrisic acid (from dehydrorotenone) as described above. This and the dimethyl ester 
prepared from it were identical with those obtained from elliptic acid, and mixtures of the 
acids and of the esters respectively showed no depression of m. p. 

Degradation to 4-hydroxycoumarone-5-carboxylic acid. 1-Elliptone (5 g.) in 5% alcoholic potas- 
sium hydroxide (50 c.c.) was refluxed for 2 hours. The deep red solution was diluted, and 
extracted with ether several times. The aqueous layer was acidified, and the precipitated acids 
and phenols taken up in ether. This solution was extracted with 25-c.c. portions of 5% sodium 
carbonate solution. As only the first gave a green precipitate on acidification, the remaining 
extracts were discarded. The dried precipitate was treated with a small volume of ether and 
decanted from tar, and petrol (b. p. 80—100°) added to the clear solution. The ether was 
evaporated slowly, and the petrol solution put aside to crystallise A crop of white nodules 
separated which were removed by hand from accompanying amorphous precipitate. This acid 
(120 mg.) was purified by two sublimations in high vacuum at 150° to afford 4-hydroxycoumarone- 
5-carboxylic acid as colourless plates, m. p. 221°, giving a deep blue colour with ferric chloride 
(Found: C, 60-6; H, 3-55. C,H,O, requires C, 60-65; H, 3.4%). When heated above its 
m. p., this acid lost carbon dioxide, yielding 4-hydroxycoumarone, which did not give a colour 
with ferric chloride. The acid (50 mg.) in ether was treated with diazomethane till decoloration 
no longer occurred. After evaporation, the residue was crystallised from aqueous methy] alcohol ; 
the resulting methyl ester (48 mg.), m. p. 105° (Found: OMe, 16-15. C,,H,O, requires OMe, 
16-15%), gave a deep blue colour with ferric chloride. 

Synthesis of 4-Hydroxycoumarone-5-carboxylic Acid.—4-Hydroxycoumarone (830 mg.) 
(Reichstein and Hirt, loc. cit.) was added to sodium (200 mg.) dissolved in methyl alcohol (2 c.c.) 
in a small distilling-flask. The mixture was heated at 180° for 2 hours in a stream of dry 
carbon dioxide, methyl alcohol collecting in the receiver. The residue in the flask was dissolved 
in water and acidified, and the precipitate taken up in ether. 5% Sodium carbonate solution 
extracted the acid; it separated on acidification, and was filtered off, washed, and dried (590 
mg.). After being twice sublimed in a high vacium at 150°, the acid, m. p. 221° (Found: C, 
61-1; H, 3-8%), was identical (mixed m. p.) with that obtained from elliptone (above), and its 
methyl ester, m. p. and mixed m. p. 105° (Found: OMe, 16-2%), was identical with the fore- 
going ester. The ester was recovered unchanged after being kept in ether with a large excess of 
diazomethane for a week at room temperature. 

Rotenone a-Oxime.—Rotenone (5 g.), hydroxylamine hydrochloride (5 g.), and sodium acetate 
(6 g.) in ethyl alcohol (200 c.c.) were refluxed for 8 hours. Water was then added till crystallis- 
ation commenced. The oxime (4-02 g.) so obtained was crystallised to constant m. p. 237° from 
alcohol. 

Rotenone B-Oxime.—Rotenone (5 g.), hydroxylamine hydrochloride (5 g.), and sodium carbon- 
ate (4 g.) in pyridine (100 c.c.) were refluxed for 3 hours, and the oxime (4-83 g.) obtained as 
above was crystallised from alcohol to constant m, p.; needles, m. p. 249°. 

A hot saturated alcoholic solution of the «-oxime, on being seeded with the 6-form, deposited 
pure 8-oxime; but a similar solution of the B-oxime on seeding with the a-form deposited only 
the B-oxime. A hot solution of /-elliptone «-oxime in methyl alcohol deposited the B-oxime after 


seeding with that form. 
I am indebted to the Ministry of Agriculture and the Colonial Development Fund for grants. 


ROTHAMSTED EXPERIMENTAL STATION, HARPENDEN, HERTs. [Received, July 31st, 1939.] 
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305. Reactive Methylene Growps and Nitroso-compounds. 
Abnormal Action of Acids on 1: 2: 3-Triketones. 


By ALEXANDER SCHONBERG and RAYMOND C. AZZAM. 


Further examples of the formation of anil oxides by the action of nitrosobenzene 
and its derivatives on methylene ketones (J., 1937, 627) are reported. The substance 
hitherto known as benzil-p-dimethylaminoanil (IV) is in fact the corresponding anil 
oxide (V). 

Benzoin is obtained by the action of syrupy phosphoric acid on dipheny] triketone, 
but concentrated sulphuric acid or anhydrous aluminium chloride produces benzil. 
Triketohydrindene hydrate (VII) (ninhydrin) yields bisindandione (VIII) when treated 
with concentrated sulphuric acid. 


OTHER instances of the formation of anil oxides (nitrones) by the condensation of methylene 
ketones with aromatic nitroso-compounds (Schénberg and Michaelis, J., 1937, 627) have 
since been recorded by Bergmann (ibid., p. 1628), Pfeiffer and Milz (Ber., 1938, 71, 272), 
and Kroéhnke (ibid., pp. 2583, 2595). The reaction has now been extended to cases where 
the methylene group does not form part of a cyclic system : anil oxides have been obtained 
by the action of nitrosobenzene on the ketones (II) and (III) and of p-nitrosodimethyl- 
aniline on the ketones (I) and (II). 


Ph-CO-CH,Ph Ph-CO-CH,*COPh Ph-CO-CH,-CO-C,H,Me(p) 
(I.) (II.) (III.) 


(v.) Ph-C(N-C,H,-NMe,)*COPh Ph:C[:N(O)*CsH,NMe,]‘COPh v,) 


The formation of a nitrone from dibenzoylmethane takes place in the absence of any 
condensing agent (which must be present in the other cases); it cannot yet be decided 
whether the tendency of dibenzoylmethane to enolise is responsible for this behaviour 
(compare Abell, J., 1912, 101, 998). 

Benzil-p-dimethylaminoanil oxide (V) was obtained under the experimental conditions 
used by Skraup and Béhm (Ber., 1926, 59, 1015) to prepare the corresponding anil (IV). 
The supposed anil is in fact the nitrone; Skraup and Béhm estimated the nitrogen only 
and were consequently misled. The anil (IV) is formed together with the nitrone (V). 

In addition to the cases now mentioned, nitrones have been obtained from compounds 
of the fluorene series, 9-methylacridine, p-nitrobenzyl chloride, phenylacetonitrile, and 
hydrindone derivatives in accordance with the scheme : 


CH,RR’ + ArNO—> CRR’ ““S CRR’ + Ar-NH-OH 
ArNH-OH —NArO 


Therefore the reaction must be regarded as one of wide application. 

The hydrolysis of the mitrone (VI) with hot sulphuric acid took a remarkable course : 
benzil was obtained instead of diphenyl triketone. Diphenyl triketone, treated with 
sulphuric acid under analogous conditions, also gave benzil; on the other hand, by the 
action of syrupy phosphoric acid benzoin was obtained; finally, benzoin was oxidised to 
benzil with hot sulphuric acid. It is therefore believed that the nitrone is first hydrolysed 
to diphenyl triketone, which undergoes a rearrangement somewhat similar to the benzilic 
acid rearrangement ; carbon dioxide is then split off, and benzoin formed : if sulphuric acid 
is used, benzoin is oxidised to benzil. 


Ph-CO-CH,’COPh —> Ph-CO-C(-NPhO)-COPh (VI.) —> Ph-CO-CO-COPh —>» 
Ph-CO-CPh(OH)-CO,H —> Ph-CO-CHPh-OH —> Ph-CO-COPh 


This process furnishes an unexpected method of shortening a carbon chain, namely, 
the conversion of a diphenylpropane derivative into a diphenylethane derivative. 
An analogous process was observed when diphenyl triketone was heated with 
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aluminium chloride; when the reaction mixture was decomposed with cold dilute acid, 
benzil was obtained (private communication by A. Schénberg and R. Moubacher). 

The action of sulphuric acid on triketohydrindene hydrate (ninhydrin) (VII) did not 
lead to the removal of a carbonyl group, but by a process not easy to explain the violet- 
brown bisindandione (VIII) (or its enol form) was obtained : 


(VII.) $a mi ee OC Sse O (VIII.) 
0” \ou a 


EXPERIMENTAL. 


Action of p-Nitrosodimethylaniline on Deoxybenzoin [with R. MicHaE.is].—A solution of 
p-nitrosodimethylaniline (3 g.; 1 mol.) in warm absolute alcohol (30 c.c.) was heated with 
freshly crystallised deoxybenzoin (4 g.; 1 mol.) and 6 drops of piperidine on the steam-bath 
for 3 hours and then left in the ice box for 24 hours. The red solid obtained (3-6 g.) was crystal- 
lised from toluene (15 c.c.) and gave benzil-p-dimethylaminoanil oxide (V), which, recrystallised 
from toluene, formed red prisms, m. p. 165—166°, easily soluble in concentrated sulphuric acid, 
giving a yellow solution, and soluble in benzene, sparingly soluble in petrol (b. p. 60—70°) and 
in methyl alcohol (Found: C, 77-0; H, 5-9; N, 8-3. C,,H,,O,N, requires C, 76-7; H, 5-8; 
N, 813%). The original toluene mother-liquor, on addition of petrol (b. p. 60—70°), deposited 
benzil-p-dimethylaminoanil (IV); this was repeatedly crystallised from methyl] alcohol, forming 
orange-red needles, m. p. 137—138°, soluble in concentrated sulphuric acid, giving a yellow 
solution, and in benzene and sparingly soluble in cold methyl alcohol and petrol (Found : 
C, 80-5; H, 6-0; N, 8-4. C,,H,,ON, requires C, 80-6; H, 6-15; N, 85%). 

Hydrolyis of Benzil-p-dimethylaminoanil Oxide with Sulphuric Acid.—The nitrone (0-2 g.) 
was heated with 8 c.c. of sulphuric acid (1 vol. of conc. acid and 1 vol. of water) on the steam- 
bath until the colour of the solution became faint yellow; 6 c.c. of glacial acetic acid were then 
added and the solution was heated for 30 minutes. After cooling in ice, yellow crystals of 
benzil (0-1 g.) separated, which did not depress the m. p. of an authentic sample. 

The same result was obtained with 0-2 g. of the anil. - 

Action of Nitrosobenzene on Dibenzoylmethane [with R. MiIcHAELIs].—Dibenzoylmethane 
(3-4 g.; 1 mol.) was dissolved in warm absolute alcohol (15 c.c.), nitrosobenzene (3-2 g.; 2 mols.) 
added, and the solution heated on the steam-bath until the colour turned reddish-brown (20—30 
mins.). A strong smell of isonitrile was developed. When the solution was cooled in a freezing 
mixture, diphenyl triketone B-anil oxide (2-2 g.) separated. Recrystallised from absolute alcohol, 
this formed yellow needles, m. p. 144—145° (decomp.), easily soluble in benzene and in concen- 
trated sulphuric acid, giving a yellow solution, and sparingly soluble in ether and petrol (Found : 
C, 76-6; H, 46; N, 4:3. C,,H,,0,N requires C, 76-6; H, 4-6; N, 4-25%). 

Action of Sulphuric Acid on Diphenyl Triketone B-Anil Oxide (V1).—The nitrone (0-3 g.) was 
refluxed for 30 minutes with 9 c.c. of sulphuric acid (1 vol. of conc. acid and 1 vol. of water) ; 
9 c.c. of glacial acetic acid were then added to dissolve the brown oil which had formed and the 
solution was refluxed again for 30 minutes, cooled, and poured into 50 c.c. of ice-cold water. 
The solid obtained (0-1 g.) was washed with water and extracted with boiling petrol (b. p. 
100—110°) ; the extract on evaporation left a pasty solid, which was pressed on a porous plate 
and crystallised from alcohol, giving yellow needles of benzil, m. p. and mixed m. p. 95° (Found : 
C, 80-0; H, 4-8. Calc.: C, 80-0; H, 48%). 

Action of p-Nitrosodimethylaniline on Dibenzoylmethane.—A solution of p-nitrosodimethyl- 
aniline (2-5 g.; 1 mol.) in warm 95% ethyl alcohol (25 c.c.), after being heated with dibenzoyl- 
methane (3-7 g.; 1 mol.) and sodium carbonate (1 g.; 0-6 mol.) at 50—55° for 1} hours, was 
cooled and poured into 75 c.c. of ice-cold water. The thick red oil that separated was stirred 
with 50% methyl] alcohol and then with a small amount of 96% methyl alcohol and repeatedly 
crystallised from the same solvent, forming dark red needles of diphenyl triketone B-p-dimethyl- 
aminoanil oxide, m. p. 183—185° (decomp.), easily soluble in concentrated sulphuric acid, giving 
a yellow solution, and in benzene, sparingly soluble in ether and in petrol (Found: C, 73-9; 
H, 5-6; N, 7-7. C,3H,gO,N, requires C, 74-2; H, 5-4; N, 75%). 

Action of Nitrosobenzene on p-Methyldibenzoylmethane (III).—A solution of p-methyl- 
dibenzoylmethane (Weygand, Annalen, 1928, 459, 113) (4-8 g.; 1 mol.) in warm absolute alcohol 
(20 c.c.) was heated with nitrosobenzene (4-3 g.; 2 mols.) on the steam-bath until the colour 
changed to orange-red. A smell of isonitrile was developed. The solution was cooled and the 
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yellow solid (4 g.) that separated was washed with a small amount of cold alcohol and recrystal- 
lised from absolute alcohol (40 c.c.), giving yellow silky needles, m. p. 123—130°. By fractional 
crystallisation two isomeric (probably geometrical) phenyl p-tolyl triketone B-anil oxides were 
separated. The solid was dissolved in hot benzene and the light yellow, silky needles that 
separated on cooling were recrystallised from benzene; m. p. 141—143° (Found: C, 77-05; 
H, 5:1; N, 4:2. C,,H,,O,N requires C, 76-9; H, 5-0; N, 41%). When petrol (b. p. 90—100°) 
was added to the benzene solution, a yellow substance separated; after repeated crystallisation 
from petrol this formed canary-yellow needles, m. p. 132—134° (Found: C, 77-1; H, 5-0; 
N, 4:2%). 

‘ae of Phosphoric Acid on Diphenyl Triketone.—The triketone (0-5 g.) was refluxed for 30 
minutes with phosphoric acid (20 c.c., d 1-7), glacial acetic acid (15 c.c.) added to dissolve the 
brownish oil that separated, and the solution refluxed again for 30 minutes, cooled, and poured 
into 100 c.c. of ice-cold water. The curdy white solid obtained was washed with water and 
crystallised from alcohol, giving white prismatic needles of benzoin, m. p. and mixed m. p. 
130—133° (Found: C, 78-7; H, 5:7. Calc.: C, 79-2; H, 5-7%). 

Action of Sulphuric Acid on Diphenyl Triketone—The triketone (0-3 g.) was refluxed for 
30 minutes with 9 c.c. of sulphuric acid (1 vol. of conc. acid and 1 vol. of water). The sub- 
sequent treatment was that described above and the solid obtained after the addition to 
ice-cold water crystallised from alcohol in yellow needles of benzil, m. p. and mixed m.p. 95° 
(Found: C, 79-65; H,4-8. Calc.: C, 80-0; H, 48%). 

Oxidation of Benzoin to Benzil with Sulphuric Acid.—Benzoin was submitted to the treat- 
ment described in the preceding paragraph, and benzil, m. p. and mixed m. p. 95°, obtained. 

Action of Anhydrous Aluminium Chloride on Diphenyl Triketone.—The triketone (2 g.) and 
anhydrous aluminium chloride (4 g.) were mixed quickly and heated in a test-tube (calcium 
chloride guard tube) in an oil-bath at 100° for 1 hour. After cooling, the product was poured 
into dilute hydrochloric acid and ice and kept overnight. The yellow solid which separated was 
washed with dilute hydrochloric acid until free from aluminium, dried in a desiccator, and 
crystallised from benzene, yielding 1 g. of benzil, m. p. 95° (Found : C, 80-0; H, 4-8%). 

Attempts to produce benzil by leaving the reaction mixture at room temperature for 1 hour 
were unsuccessful. 

Action of Sulphuric Acid on Triketohydrindene Hydrate (Ninhydrin) (VII).—The hydrate 
(2 g.) was boiled with 60 c.c. of sulphuric acid (1 vol. of conc. acid and 1 vol. of water) for 30 
minutes, glacial acetic acid (60 c.c.) added to dissolve the dark violet solid that had separated, 
and the solution boiled for another 30 minutes, cooled, and poured into 200 c.c. of ice-cold water. 
The dark reddish-brown solid obtained was washed with water until free from acid, dried (yield, 
0-9 g.), and crystallised from toluene, giving dark violet-brown needles of bisindandione (VIII), 
m. p. about 297° (not sharp) (Found : C, 74-5; H, 3-4. Calc. for C,,H,,0,: C, 74:5; H, 35%), 
identical with the substance obtained by Gabriel and Leupold (Ber., 1898, 31, 1161). 


Fouap I UNIVERsitTy, CArIRo. [Received, May 12th, 1939.] 





306. Photo-reactions. Part IV.* Photo-reaction between Phenanthra- 
quinone and Aromatic Aldehydes. A New Passage from Phen- 
anthraquinone to Fluorenone. 


By ALEXANDER SCHONBERG and RADWAN MOUBACHER. 


Phenanthraquinone readily adds p-chlorobenzaldehyde in the presence of light 
with formation of the cyclic ether (IIa), the nature of which is established by the fact 
that the product of its methylation with diazomethane (IVa) yields methyl p-chloro- 
benzoate and 9; 10-dihydroxyphenanthrene on alkaline hydrolysis under mild condi- 
tions. The photo-addition compounds of phenanthraquinone and other aromatic 
aldehydes are formulated similarly. (II) furnishes fluorenone and benzoic acid on pyro- 
lysis at 200°. «-Stilbenediol diacetate decomposes at 165° with formation of benzil. 


In direct sunlight, phenanthraquinone reacts with benzaldehyde in a sealed tube with 

formation of colourless crystals which Klinger (Annalen, 1888, 249, 137) believed to be the 

O-monobenzoyl derivative of 9 : 10-dihydroxyphenanthrene (I). This formula accounts 
* Compare Ber., 1933, 66, 567; Annalen, 1935, 518, 299; Trans. Faraday Soc., 1936, 32, 514. 
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for the lack of colour of the compound and the formation of benzoic acid and 9 : 10-di- 
hydroxyphenanthrene on hydrolysis, but cannot be reconciled with the insolubility of the 
substance in alkali and its inertness towards diphenyldiazomethane, which, so far as is 


f~\ 


‘CO-C,H,Cl 


, R=C,H,.) (II, R = C,H,.) (III.) 
(Ia, R = p-C,H,C1.) (Ila, R = p-C,H,Cl.) 
known, reacts with all phenols (Staudinger and co-workers, Ber., 1916, 49, 1936). Our 
investigation shows that the photo-addition compound must be regarded as the cyclic 
ether (II). There seems to be a great tendency for 9 : 10-derivatives of phenanthrene to 
form rings; ¢.g., phenanthrene-9 : 10-dicarboxylic acid is unstable and readily changes into 
the anhydride (Jeanes and Adams, J. Amer. Chem. Soc., 1937, 59, 2612). 
The photo-addition compounds of phenanthraquinone and benzaldehyde, -chloro- 
benzaldehyde, and anisaldehyde are formed under the same 
On \ conditions, manifest analogous chemical behaviour, and therefore 
must be regarded as having analogous constitutions. 
The photo-addition compound of phenanthraquinone and 
p-chlorobenzaldehyde yields 9: 10-dihydroxyphenanthrene on 
hydrolysis and therefore might have formula (Ia), (IIa), or (III). 
The structure (IIa) is established by the fact that the product of 
(Iv, R =C,H,.) methylation with diazomethane must have formula (IVa), since on 
(IVa, R = p-C,H,Cl.) hydrolysis it gives 9: 10-dihydroxyphenanthrene and methyl 
p-chlorobenzoate (this ester is an easily identifiable, crystalline 
substance and it is for this reason that we selected the photo-addition compound of phenan- 
thraquinone and #-chlorobenzaldehyde for investigation). 

Thermal Decomposition of the Photo-addition Compound (II).—When the compound (IT) 
was heated for one hour at 200° in a vacuum, benzaldehyde and phenanthraquinone were 
produced in relatively small quantities and benzoic acid and flourenone in better yields. 
The pyrolysis evidently proceeded in two different ways : (a) the reverse of the process of 
formation, and (5) the main reaction, illustrated by the me scheme, which shows the 


AN 


UU 4 en 


(Il) —> PhCO-OH + ) -_— 
3 ee > Se 
V4 V4 


formation of diphenyleneketen. A somewhat similar scheme was advanced by Schréter 
(Ber., 1909, 42, 2336) to explain the formation of diphenylketen from azibenzil. The 
fact that the substance isolated was fluorenone may be due to the action of oxygen 
during recrystallisation, for diphenyleneketen is rapidly converted in air into fluorenone 
(Staudinger, Ber., 1906, 39, 3065). 

Certain diol derivatives seem to be very sensitive to heat; ¢.g., benzil is readily formed 
from «a-stilbenediol diacetate. 


EXPERIMENTAL. 


Photo-chemical Reaction of Benzaldehyde and Phenanthraquinone.—Phenanthraquinone (5 g.) 
was shaken with benzaldehyde (10 g.) in a sealed quartz tube in sunlight for 4 days. The white 
precipitate formed was washed with small amounts of benzene and crystallised from this solvent, 
from which the phenylhydroxymethylene ether of 9 : 10-dihydroxyphenanthrene (II) separated 
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in colourless needles (6-5 g.), m. p. 177—178° to a dark brown liquid (Found: C, 80-8; H, 47. 
C,,H,,O, requires C, 80-4; H, 4.4%). It was soluble in alcohol and acetic acid and immedi- 
ately decolorised bromine in chloroform. 

Action of Nitric Acid.—The above compound (1 g.) was heated with nitric acid (25 c.c.; 
d 1-30) for } hour at 90°. The red product was washed with water and crystallised from benzene, 
from which phenanthraquinone separated in orange crystals (0-18 g.), m. p. and mixed m. p. 
208° (Found: C, 80-6; H, 3-9. Calc.: C, 80-7; H, 3-8%). 

Action of Diazomethane.—To an ethereal solution of diazomethane (prepared from nitroso- 
methylurethane, 1 g.) at 0° was added gradually 1 g. of the substance (II). Evaporation of the 
solvent after 24 hours left a substance which, crystallised from benzene, gave the phenylmethoxy- 
methylene ether of 9: 10-dihydroxyphenanthrene (IV) in white needles (0-85 g.), m. p. 80° 
(Found: C, 80-5; H, 5-0. C,.H,,O; requires C, 80-5; H, 4-9%), soluble in benzene. 

Action of Alkali on the Methoxy-ether (IV).—The compound (1 g.) was shaken with 20% 
aqueous sodium hydroxide (20 c.c.) at 40° for } hour, and air then bubbled through the cooled 
filtered liquid for 2 hours. The orange crystals obtained were recrystallised from benzene, 
giving phenanthraquinone, m. p. and mixed m. p. 208°. 

Photo-chemical Reaction of p-Chlorobenzaldehyde and Phenanthraquinone.—Phenanthraquin- 
one (2 g.) and p-chlorobenzaldehyde (1-5 g.) in dry benzene (100 c.c.) were shaken in a sealed 
quartz tube in sunlight for 2 days. The white precipitate obtained was washed and crystal- 
lised from benzene, from which the p-chlorophenylhydroxymethylene ether of 9 : 10-dihydroxy- 
phenanthrene (IIa) separated in colourless needles (3 g.), m. p. about 222° (decomp.) to a red- 
brown liquid (Found: C, 72-9; H, 4:2; Cl, 9-8. C,,H,,;0,Cl requires C, 72-3; H, 3-8; Cl, 
10-1%), soluble in alcohol, acetic acid, and benzene. 

Action of Diazomethane.—1 G. of the substance (IIa) was gradually added to an ethereal 
solution of diazomethane (von Pechmann, Ber., 1895, 28, 855) and then left at 0° for 24 hours. 
The solid obtained on evaporation of the solvent was crystallised from benzene, from which 
the p-chlorophenylmethoxymethylene ether of 9 : 10-dihydroxyphenanthrene (IVa) separated in 
colourless needles (0-95 g.), m. p. 170° (Found: C, 72-9; H, 4-4; Cl, 9°7. C,3H,,0,Cl requires 
C, 72-9; H, 4-4; Cl, 9-8%). 

Hydrolysis of the p-Chlorophenylmethoxymethylene Ether (IVa).—The ether (1 g.) was heated 
with 20% sodium hydroxide solution (30 c.c.) at 40° for} hour. The solid product was collected 
when cold, washed with sodium bicarbonate solution and with cold water, dried, and dissolved 
in benzene. Evaporation of the filtered solution gave a residue, which was crystallised from 
benzene: the first crystals were rejected and methyl #-chlorobenzoate was then isolated ; 
it had m. p. 48°, not depressed by an authentic sample prepared by the action of diazomethane 
on ~-chlorobenzoic acid. The original alkaline filtrate gave phenanthraquinone, m. p. 208°, 
after 2 hours’ aeration at 25°. 

Thermal Decomposition of the Phenylhydroxymethylene Ether (11).—The ether (2 g.) was heated 
in a long-necked flask in an air-bath at 200° for 1 hour in such a way that only the lower part 
of the flask was in the bath. A vacuum was maintained during the process and throughout 
the subsequent cooling to room temperature. Four products were obtained: (1) A brown-red 
substance on the bottom of the flask, after several crystallisations from benzene, gave yellow 
crystals of fluorenone, m. p. and mixed m. p. 82° (Found: C, 86-7; H, 4-7. Calc. for C,,H,O: 
C, 86-7; H, 44%). (2) Asmall quantity of substance which crystallised on the walls in orange 
needles was identified as phenanthraquinone, m. p. 208° (Found: C, 80-6; H, 4-0. Calc. for 
C,,H,O,: C, 80-7; H, 39%). (3) A substance which volatilised during the heating and soli- 
dified on the higher cold part of the apparatus in brilliant colourless crystals was recrystallised 
from alcohol, giving benzoic acid, m. p. and mixed m. p. 120° (Found: C, 68-7; H, 4-9. Calc. 
for C,H,O,: C, 68-8; H, 4-9%). (4) The odour of benzaldehyde was perceptible in the flask. 

a-Stilbendiol Diacetate-—This was prepared by Thiele’s method (Annalen, 1899, 306, 142), 
modified as follows :. A solution of benzil (50 g.) in acetic anhydride (300 c.c.) was stirred at 70° 
while a mixture of concentrated sulphuric acid (50 c.c.) and glacial acetic acid (100 c.c.), followed 
by zinc dust (60 g.), was gradually added. The whole was left for } hour and ether then extracted 
a-stilbenediol diacetate. This was crystallised from benzene and (1 g.) then heated at 165° under 
the conditions described in the preceding paragraph. The oily residue obtained yielded, after 
12 hours at room temperature, needles (0-45 g.), m. p. 93° after recrystallisation from benzene, 
not depressed by authentic benzil (Found: C, 80-0; H,4-8. Calc. for C,,H,,0,: C, 80-0; 
H, 4-7%). 
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307. The Magnetic Susceptibilities of Metallic Oxides, with Special 
Reference to those of Chromium and Manganese. 


By S. S. BHatnaGAR, A. CAMERON, E. H. HarBarp, P. L. Kapur, A. KinG, and 
BRAM PRAKASH. 


Different workers report widely divergent results for the magnetic susceptibilities 
of the transition metals. It has now been shown that, if the best values for the suscep- 
tibility are taken, the magnetic moment, as calculated from the Curie law, gives values 
which are of no theoretical significance, but application of Weiss’s modification of this 
law to the oxides of chromium and manganese gives values for the magnetic moment 
which are in accord with theory and enable magnetic measurements to be used for 
the evaluation of the correct formule of oxides. 

The formule of the oxides of manganese are discussed, and the occurrence of 
quadrivalent chromium in a hydrated dioxide of that metal established. 

The magnetic susceptibility of the various stages of decomposition of chromium 
trioxide has been measured, and it has been found that there is little change in the 
magnetic susceptibility with variation of composition in non-stoicheiometric oxides. 
The Cr,O, non-stoicheiometric oxide is ferromagnetic. 

Samples of chromic oxide prepared by different methods have slightly different 
susceptibility values. It is suggested that these differences are due to the presence 
of impurities and, in particular, to small amounts of chemisorbed gaseous elements. 
The adsorption of oxygen or of hydrogen at 440° on this oxide causes definite variation 
in the susceptibility value. High-temperature evacuation likewise causes a con- 
siderable fallin the susceptibility of chromic oxide. It is suggested that activated 
adsorption on oxides is connected with reduction of chemisorbed oxygen, and the use of 
magnetic measurements is recommended as a means of following surface chemical 
processes on oxides. 


THE magnetic properties of the metallic oxides have received much less systematic study 
than those of the corresponding salts. In many instances different observers report values 
which differ considerably for a particular oxide, and there are few precise determinations 
of the variation of susceptibility with temperature. 

The x values for the oxides of iron vary over wide ranges. Ferric oxide, for example, 
is usually paramagnetic, but it also exists in a ferromagnetic form, both in Nature and as a 
synthetic product. Similar observations have been made for cobalt and nickel oxides ; 
for the latter, the matter is of considerable interest, since Klemm and Hass (Z. anorg. Chem., 
1934, 219, 82) have shown nickel oxide to be non-stoicheiometric, having a natural para- 
magnetism provided that the ratio O : Ni is above 1: 1-005. As soon as the ratio is below 
this, the compound becomes ferromagnetic, owing to the liberation of metallic nickel. 

In view of the lack of information concerning the magnetic properties of oxides on the 
one hand and of increased knowledge of oxide structure and chemistry on the other, it 
was thought desirable to review the whole subject; the oxides of chromium and 
manganese are especially suitable for this purpose. This work has been undertaken 
independently in Lahore and in London, and the various authors have collaborated in this 
publication in the interests of economy. 

It is well known that changes in principal valency bring about changes in magnetic 
moment which can be correlated with atomic structure. In general, atoms or ions which 
contain completed sub-groups possess zero, or very small, magnetic moments and are 
consequently diamagnetic, whilst those in which the sub-group is incompletely filled are 
paramagnetic. The magnetic moment in Bohr units is given by the formula 

Up = V4s(s — 1) + Ud — 1) 
which reduces to ug = 4s(s — 1) when the orbital moment is fully quenched. The 
magnetic susceptibilities of salts, calculated on the above formula for spin only, agree well 
with the experimental values. This is shown by the examples recorded in the left-hand 


part of Table I. Values for the oxides of metals with completed inner shells are also in 
good agreement with theory, but with oxides of the transition metals the difference between 
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theoretical and measured values is so great as to make magnetic susceptibility useless as a 
means of determining valency, and Sidgwick’s remark, ‘‘ agreement, even for the oxides, 
is surprisingly good,”’ is somewhat optimistic. 


TABLE I. 
The Magnetic Moments of some Metallic Salts and Oxides. 


No. of un- No. of un- 
Compound. yp, found. wy, calc. paired spins. Compound. yp, found. yp, calc. paired spins. 
CECT, cicsccsnssee «=O 3°87 CrO,g ........02. 0344 
Cag ccscccscsecse «=O 4-90 Cr,O, 2-12 
* COB gs scccccccesee §=654°00 4-90 COD ccvcecscacee O01 
Cate cicsesvceses 3°90 1-73 COD. civccccscccs O80 
FOCI, ccccesessese «6 TG 5-92 Cu,O ........0. 0447 
5-92 SR 

5-92 MnO .......0040. 2°78 

te 3-56 


ROT Te OO 

i 9 AS bs i 69 © 
COed 350 
eo - 


Onwsto 
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It may be that these divergencies between theory and practice are due to wide deviations 
from Curie’s law, viz., uz = 2°839\/%m7, which neglects interaction between the mole- 
cules. The first part of the present investigation was undertaken to see whether Weiss’s 
modification of this law, viz., ug, = 2°839+/ %m(Z — 8), gave better concordance with theory : 
the constant @ takes cognizance of the distortions produced by interatomic forces, and this 
factor is primarily responsible for the wide divergencies from the Curie law. If this cor- 
rection gave significant values for ug, application might again be made to the determination 
of oxide structure from magnetic data. 

The magnetic susceptibilities at different temperatures are collected in Table II. 
The value of us is calculated from the Weiss equation, the constant 6 being determined by 
plotting the 1/y-T curve and reading off 6 as the intercept on the T axis. As the suscep- 
tibility of chromic oxide shows a maximum, the value of @ for this oxide was calculated 
from the x values at the higher temperatures. 

Chromic Oxide.—According to Faraday (Pogg. Ann., 1847, 70, 33) and Nilson and 
Pettersson (Ber., 1880, 18, 1459) the sesquioxide is ferromagnetic, but Wedekind and 
Horst (Z. anorg. Chem., 1933, 210, 105) found that the susceptibility varied after the oxide 
had been subjected to different treatments, sometimes being ferromagnetic. Hiittig 
(Z. Elektrochem., 1933, 39, 368), on the other hand, found that, although the mass suscep- 
tibility of the oxide prepared by different methods could vary from 28 to 47 x 10°, no 
ferromangetic sample could be obtained. Michael and Bernard (Compt. rend., 1935, 200, 
1316) have shown that the magnetic oxide obtained by thermal decomposition of chromy] 
chloride is a mixture of oxides which changes to the green, non-magnetic chromic oxide 
at a high temperature. Other reported values of the susceptibility of this oxide vary 
widely; ¢.g., Meyer (Ann. Physik, 1899, 68, 325; 69, 236) gave 24 x 10°, Moles and 
Gonzales (Anal. Fis. Quim., 1923, 21, 204) gave 26-2 x 10, and Blanc and Chaudron 
(Compt. rend., 1925, 180, 289) found an abrupt increase at 800°, followed by a fall at 900°. 
Chaudron and Forrestier (sbid., 1924, 179, 763) observed that the temperature coefficient 
of the calcined is greater than that of the uncalcined oxide. Honda and Sone (Sct. Rep. 
Téhoku Imp. Univ., 1913, 2, 1) found that the susceptibility attained a maximum at 64°. 
Haas and Handel (Proc. Acad. Sci. Amsterdam, 1933, 73, 36, 168) found that two apparently 
identical samples of the oxide had x = 26 x 10 and 22 x 10° at room temperature, 
but that at low temperatures the results for the two samples were widely different. 

The results of Table II indicate that the susceptibility of chromic oxide obtained by 
the precipitation method, by ignition of chromic acid, and by ignition of ammonium 
dichromate is 25-6 + 0-2 x 10 at 32°, the agreement contrasting strongly with the diver- 
gencies in the literature. The value for the last sample is especially interesting, since 
Harbard and King (J., 1938, 955) have shown that the oxide so prepared contains more 
oxygen than the stoicheiometric formula demands. The value of 6 for the three samples 
varied from — 400° to — 485°. The oxide obtained by igniting a mixture of potassium 
dichromate and sulphur at 800° had x = 29-73 x 10°, whereas that resulting from ignition 
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TABLE II. 


Variation of Magnetic Susceptibility with Temperature. 
(1) Chromic oxide. 
(a) Prepared by ignition of the precipitated hydroxide. 


302 325-5 335-5 355-5 395 464-5 540 615 
25-86 26-71 26-94 26-40 26-02 24-78 22-40 20-78 


@ = — 405°; mean ps = 3-61 B.u. 
(b) Prepared by ignition of chromic anhydride. 


305 328 359-5 428 485 523 
25-39 26-38 25-61 25-05 23-83 22-6 


6 = — 485°; mean pp = 3-73 B.u. 
(c) Prepared by ignition of ammonium dichromate. 


308 331 367 427 488 526 573 
25-80 26-69 26-25 24-91 23-12 21-80 21-00 


6 = — 400°; mean ps = 3-54 B.u. 
(2) Prepared by ignition of potassium dichromate and sulphur at 1080°. 


309 332 370 428 489-5 526 
25-98 26-67 26-18 25-22 24-06 23-11 


@ = — 670°; mean ps = 4°12 B.u. 
(e) Prepared by ignition of potassium dichromate and sulphur at 800°. 
306 329 365 430 488 
29-73 29-11 26-87 24-56 23-57 
(2) Chromium dioxide, CrO,,H,O. 
Sample 1. Sample 2. 


309-5 = 335 356 388 448 309-5 351 384 443 
34:80 32:19 30-1 27-67 24-01 34:80 30:10 27-71 23-27 


@ = 2°; mean ppg = 2-94 B.u. @ = 5°; mean ps = 2°94 B.u. 
(3) Manganese dioxide. 


300 310 340 383 438 480 
26-03 25-72 24-82 23-63 22-24 21-34 


= — 470°; mean ppg = 3-76 B.u. 
(4) Manganic oxide. 
in Me scapesanens 304 333 365 423 475 523 580 
PE See caswes Sided 87-27 82-44 77-18 70-40 64-80 60-45 55-88 
@ = — 176°; mean ps = 5-17 B.u. 
(5) Manganous oxide. 


= ae 306 342 363 424 473 528 
HK IP ii cccscscscecs ‘TS 72-34 69-38 67-64 63-61 60-42 57-42 


= — 540°; mean ps = 5-91 B.u. 


of the mixture at 1080° had x = 25-9 x 10°, the 6 value being — 670°. The only previous 
work on chromic oxide from which 6 can be calculated is that of Honda (loc. cit.). By 
plotting 1/y-T from his results and extrapolating, a value of — 487° K. is obtained for 6. 
This is in remarkable agreement with our value of — 485° for a similar preparation, especially 
as the @ values for samples of the oxide prepared by different methods vary from 
400° to 485°. 

In agreement with Honda also, the y-T curve for chromic oxide was found to exhibit a 
maximum at 65°, except in the case of the oxide obtained by ignition of potassium di- 
chromate and sulphur at 800°, in which this curve is smooth, the susceptibility falling with 
rise of temperature. In this system (Bruckner, Monatsh., 1906, 27, 199) it is probable that 
there is a trace of chromic sulphide formed along with the oxide. The susceptibility value 
of this preparation is, indeed, 29-73 x 10, which is higher than that for any of the other 
samples of the oxide, and as Haraldsen (Naturwiss., 1936, 24, 280) found the sulphides of 
chromium to be strongly paramagnetic, this high value is probably due to contamination 
by sulphide, traces of which were actually detected in the sample. 

The smooth x-T curve for this chromic oxide preparation can be explained by assuming 
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that the fall in susceptibility of the sulphide with rise of temperature is much more than the 
corresponding rise of the susceptibility of Cr,O3, which is thus masked. Further support 
to this view is afforded by the fact that, if the sample of chromic oxide with the high 
susceptibility is ignited at 1080°, the susceptibility falls to 25-98 x 10 and the sample then 
exhibits a maximum on the y-T curve. The value of 6 is much higher than that for chromic 
oxide prepared by other methods, and the rise in susceptibility is comparatively less. This 
sample did not give a qualitative reaction for sulphide, but probably a trace of this impurity 
is still present, and is responsible for the high value of x and comparatively small rise of the 
susceptibility value with temperature. 

The x-T curve for chromic oxide exhibits a maximum at 65°, indicating the appearance 
of a new phase at this temperature. The value of 6 calculated from the susceptibility values 
beyond 65° gives a value of 3-63 for us, which is in good agreement with the theoretical 
value of 3-87 for tervalent chromium. 

Squire (J. Chem. Physics, 1939, 139) measured the paramagnetic susceptibility of man- 
ganous oxide from 14° k. to 298° K., and observed that the paramagnetism drops to nearly 
diamagnetism with decreasing temperature. This he explains by assuming that electron 
spins giving rise to paramagnetism at the higher temperatures are no longer free to orient 
themselves at low temperatures. In the case of chromic oxide it would appear that below 
65° the electron spins giving rise to paramagnetism corresponding to tervalent chromium 
are not perfectly free to orient, but that above 65°, where the value of », corresponds to the 
theoretical, orientation is possible. 

The magnetic susceptibilities of some samples of chromic oxide prepared by other 
methods and subjected to various treatments are given on p. 1438. 

Chromium Dioxide——Cameron, Harbard, and King (this vol., p. 55) have examined 
various oxides claimed to be CrO,, and shown that the material prepared by partial decom- 
position of ammonium dichromate (Moles and Gonzdlez, Joc. cit., and others) contains 
nitrogen. Moles and Gonzalez found x = 42-2 x 10° for this “‘ dioxide.’’ We obtained 
values of 26-9, 33-6, and 34-5 x 10 for different samples of this material: this diversity 
probably reflects its extreme variability of composition. 

Other dry methods reported to yield CrO, gave compounds which appear to be non- 
stoicheiometric, belonging to the oxide range CrO,, 9. or CrO,, 1... Bhatnagar, 
Prakash, and Hamid (J., 1938, 1428), however, described the preparation of anhydrous 
CrO, by intensive drying of the product obtained by adding 5% solution of chromic acid 
to chromic hydroxide. If the brown product was dried carefully below 200°, a hydrated 
dioxide CrO,,H,O was obtained, and measurements in both our laboratories led to a yp, 
value of 2-94 for the latter, which compares well with the theoretical value of 2-83 for 
quadrivalent chromium calculated on the basis of spin only. The results in Table II show 
that the Weiss constant 6 is very small in this case (2—5°), and that valency deductions 
based on the uncorrected law are therefore correct. 

Oxygen analyses by Cameron, Harbard, and King indicated that their original pre- 
paration had the formula CrO,.,3, being thus in the Cr,O, non-stoicheiometric group. It 
is possible that the dioxide had hydrolysed under these conditions to Cr,O, in a similar 
manner to the oxide investigated by Blanc (Amn. Chim., 1926, 6,202). It should be realised, 
however, that oxides of the Cr,O, non-stoicheiometric range are normally ferromagnetic 
(see below). 

Magnetic Properties of the Oxides of Manganese.—Like the oxides of chromium, those 
of manganese also give widely divergent values. For example, Wedekind and Horst 
(Ber., 1915, 48, 105) found x = 56-16 x 10-* for manganous oxide, x = 65-5 x 10° for 
manganosic oxide, and 44-58 x 10 for manganese dioxide; Theodorides (Compt. rend., 
1920, 171, 948) found 67-46 x 10° for the first, and Feytis (bid., 1911, 152, 710) 74-3 x 10% 
for the second oxide. Meyer (loc. c#t.) and Wistrand (‘‘ Magnetiska Susceptibiliteten hos 
Kvarts, etc.,’’ Upsala, 1916) found x = 27 x 10* and 37-3 x 10* respectively for the 
dioxide. Williams (Physical Rev., 1926, 28, 167) discussed the structure of manganous 
oxide from magnetic data, and Honda and Sone (Sci. Rep. Téhoku Imp. Univ., 1914, 3, 
139) and Tyler (Physical Rev., 1933, 44, 776) measured the susceptibilities of the oxides at 
various temperatures. 
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Manganese Dioxide.—The constitution of this oxide has been the subject of much 
controversy. Richarz (Ber., 1888, 21, 1675) attributed to it the formula O—Mn—O, 
Guyard (Bull. Soc. chim., 1864, 1, 89) and Volhard (Amnalen, 1879, 198, 318) regarded it 
as a permanganate, 3MnO ,Mn,O,, Laspeyres (J. pr. Chem., 1876, 18, 176) considered it to 
be manganous manganate, Mn(MnQ,), and on the other hand, Elliot and Storer (Proc. Amer. 
Acad., 1862, 5, 1921) considered it to be a basic manganic manganate. 

Many workers who have studied the decomposition of manganese dioxide, ¢.g., Drucker 
and Huttner (Z. phystkal. Chem., 1927, 131, 237) and Simon and Feher (Z. Elektrochem., 
1932, 38, 137) have failed to obtain an exactly stoicheiometric formula: the ratio of 
oxygen to manganese is always low, ca. 1-85—1-95. Samples prepared in both our 
laboratories gave analyses agreeing with MnQ, 99. 

The observed value of ug (3°76) for this compound is, however, in excellent agreement 
with the theoretical value of 3-87 calculated for quadrivalent manganese on the basis that 
the orbital moment is fully quenched. Nevertheless, a decomposition curve of the dioxide 
shows that in the range of temperatures used for the magnetic measurements, there is a 
considerable and regular oxygen evolution. It would appear therefore that, within the 
non-stoicheiometric range of composition of this oxide, variation of magnetic moment is 
small. A similar lack of variation of magnetic properties during non-stoicheiometric 
decomposition of the oxide of chromium is discussed later (p. 1438). 

Manganic Oxide—The constitution O—Mn—O—Mn—0O in which manganese is 
tervalent has been ascribed to this oxide, although suggestions have been made that it may 
possess the constitution MnO,MnO,. The yx value of 5-17, however, compares well with the 
theoretical value of 4-90 Bohr units for tervalent manganese and hence supports the former 
constitution. 

Manganous Oxide—The magnetic moment of 5-91 Bohr units for this oxide agrees 
excellently with the calculated value of 5-92 for bivalent manganese and hence confirms 
the constitution Mn—O. Tyler (loc. cit.) arrived at a similar conclusion from a magnetic 
study of this oxide at low temperatures. 

From the foregoing results it is clear that, although the ug values obtained for oxides 
of the transition metals do not agree well with those obtained by use of the Hund formula 
for “‘ spin only,’”’ yet, when calculated after the necessary correction for 6 in the Weiss 
formula has been made, the observed values agree excellently with those of theory; this 
is particularly so in the case of the oxides of manganese. It is suggested, therefore, that 
if due regard be paid to the purity of the oxides, and if the distortions produced by 
interatomic forces be taken into consideration, magnetic measurements are capable of 
giving important evidence as to the structure of oxides. 

Magnetic Study of the Decomposition of Chromic Anhydride——Cameron, Harbard, and 
King (loc. cit.) reported that the decomposition of chromium trioxide takes place non- 
stoicheiometrically in two stages, most of the previously reported intermediate oxides of 
chromium lying within one or other of these non-stoicheiometric ranges. Magnetic measure- 
ments on these intermediate oxides are rather chaotic : Wohler reported the existence of a 
ferromagnetic oxide prepared in the same manner as the oxide Cr;O,,. of Simon and Schmidt 
(Z. anorg. Chem., 1926, 153, 191), and Honda (Sci. Rep. Téhoku Imp. Univ., 1913, 8, 223) 
described two oxides (Cr,0,, and Cr,O,), paramagnetic and ferromagnetic respectively. 
It was thought, from the results of Klemm and Hass (loc. cit.), that large variations in the 
magnetic properties might be observed during non-stoicheiometric decomposition, the 
susceptibility varying as oxygen was removed from the lattice. The thermal decomposition 
of chromium trioxide was therefore repeated in an apparatus which facilitated the removal of 
the decomposing oxide for accurate measurement of the magnetic susceptibility. The 
results are shown in the figure, where oxide composition is plotted against temperature of 
heating. During the thermal decomposition, paramagnetic properties appeared at the 
point B, the susceptibility of the sample being then 36 x 10%. This value increased 
slightly ‘throughout the non-stoicheiometric (Cr,0,,) range BC, being 40-8 x 10* at C, 
and at D the oxide suddenly became faintly ferromagnetic. Ferromagnetism became 
stronger as the second (Cr,O,) non-stoicheiometric range was traversed, and finally, at the 
point F, the normal paramagnetic susceptibility of chromic oxide was registered. These 
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results are in general agreement with those of Honda, but their chief interest lies in the 
absence of any significant change in magnetic properties during non-stoicheiometric 
decomposition, even although the oxide composition varied considerably. The absence of 
a ferromagnetic sample at even the least stable end of the first oxide range is important.' 
The Magnetic Susceptibility of Chromic Oxide, and the Adsorbed Layer.—It was noticed 
by Wedekind and Horst and by Hiittig (occ. cit.) that chromic oxide can possess a variable 
magnetic susceptibility according to its past treatment. The values for various samples of 
this oxide prepared in different ways, collected in Table II, show that, except where 
impurities are suspected, the susceptibilities are very nearly constant. A number of other 
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preparations of chromic oxide were therefore made, and their susceptibilities measured ; 
these are collected in Table III. 
TABLE III. 
Susceptibility of Chromic Oxide at 18°. 
Method of preparation. Colour. x x 10°. 

Ignition of Hg,CrO, Bright green it 
Strong ignition of (2) . 23-6 
Ignition of CrO, pa 25-5 
Ignition of (NH,),Cr,O, Olive-green 25-4 
Ignition of (5) in hydrogen Bright green 24-3 
Ignition of K,Cr,O, and S Olive-green 25-9 
Ignition of precipitated Cr(OH), Bright green 25-6 


Z 
° 
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These results show that, although there is a definite and considerable variation in mag- 
netic susceptibility, at no time could a ferromagnetic sample be prepared. It seemed 
possible that the variations might be connected either with slight variations in structure 
or with an adsorbed layer on the oxide surface, especially if this were chemically bound. 
Dowden and Garner (this vol., p. 893) have shown that both oxygen and hydrogen can be 
bound on the surface of chromic oxide by chemical means. 

Of the reported cases of activated adsorption, a large proportion concern oxides or 
oxide-coated metal surfaces, the adsorbed gas generally being of a reducing nature, such as 
hydrogen or carbon monoxide. Many of these adsorptions are not reversible, and it thus 
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seems possible that in these instances the mechanism of activated adsorption may be the 
reduction of the chemisorbed oxygen or, alternatively, removal of some of the oxygen from 
the oxygen-rich member of a non-stoicheiometric series. On the assumption that the 
differences in magnetic susceptibility of the various preparations of chromic oxide are due 
to chemisorbed films, or to slight variations in composition (Harbard and King, J., 1938, 
955), measurement of magnetic properties would be a useful method of studying this type 
of sorption. Preliminary work has therefore been done on the chromic oxide system. A 
special arrangement was constructed so that the sample of oxide could be removed from the 
adsorption apparatus in contact with gas at a given pressure for magnetic measurement, 
without allowing contact with the atmosphere. A sample of chromic oxide prepared by 
ignition of ammonium dichromate was placed in the apparatus, which was then evacuated, 
and hydrogen admitted at a pressure of about 28 cm. The temperature was gradually 
raised to 350°, whereat a small amount of adsorption took place. An attempt was then 
made to activate the oxide by the addition of inert impurities. In this case, a small amount 
of silica powder was intimately mixed with the crystals of ammonium dichromate, and the 
mixture ignited. The product did not show activated adsorption. A second sample 
prepared with a trace of carbon as impurity was likewise inactive. The next material 
tested was a mixture of chromium and manganese oxides, prepared by ignition of manganese 
chromate; this was reported by Taylor and Williamson (J. Amer. Chem. Soc., 1931, 58, 
2168) to adsorb large amounts of hydrogen at comparatively low temperatures. It was 
found that the sample began to adsorb hydrogen at about 200°; after about 12 hours, 
equilibrium appeared to be reached, but on leaving the oxide at the same temperature for a 
further 12 hours a little more hydrogen was adsorbed. It was found that there is a gradual, 
but constant adsorption of hydrogen at this temperature, and that raising the temperature 
did not appreciably alter the rate of adsorption after the “‘ false equilibrium ’’ had been 
reached. It seems probable that there is a gradual reduction of the oxide at the temperatures 
employed, but the matter requires further investigation. 

The olive-green chromic oxide prepared by ignition of ammonium dichromate changed 
to a bright green colour on being heated in hydrogen at 440°; at the same time x fell from 
25:4 x 10-* to 24:3 x 10°*. The oxide was then heated in a vacuum for several hours 
at the same temperature, and the value of its susceptibility redetermined. The oxide was 
then heated in oxygen, and a third value of the susceptibility obtained. The results are 
shown below : 


Freshly prepared oxide. P Freshly prepared oxide. 
1. After heating in hydrogen , 2. After heating in hydrogen 
vi oxygen . és oxygen 
a vacuum . ia “a a vacuum 


It was found that the whole cycle could be repeated and that, although the exact values of 
the susceptibility were not identical with those obtained in the first experiment, the general 
tendency of the change was the same. The hydrogen-treated samples were always bright 
green, whereas the oxygen-exposed varieties were of a dark olive colour. On being heated 
in a vacuum, the product had a colour intermediate between these two. 

The effect of oxygen treatment was always to increase the susceptibility, of hydrogen 
treatment to lower it, with respect to the original preparation; the high temperature of 
reaction makes it most likely that the retention of these gases on the surface is by chemical 
forces. Heating in a vacuum always resulted in a product with a lower susceptibility than 
those produced by heating in a gas atmosphere. This makes it appear probable that the 
adsorbed layer is partly removed by heating in a vacuum, retreatment with oxygen or 
hydrogen re-establishing the chemisorbed layer. The adsorption theory of variation of 
composition and properties seems to be more probable than that of non-stoicheiometric 
variation, since, if the latter were alone operative, retreatment under constant conditions 
of temperature and gas pressure would be expected to yield products of identical magnetic 
susceptibility. Moreover, it is unlikely that vacuum treatment would produce a material 
of magnetic susceptibility lower than that of either the oxygen-rich or the oxygen-poor 
members of a non-stoicheiometric series. Further evidence for chemisorption is yielded by 
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the results of the second cycle, The vacuum value of susceptibility is here lower than on 
the first sorption, showing perhaps that more of the film has been removed ; this is probably 
connected with the fact that, whereas the oxygen-covered oxide had a susceptibility value 
of 27-3 on the first treatment, this had fallen to 26-0 on the second cycle. This means that 
part of the surface previously occupied by chemically held oxygen is no longer available 
for chemisorption, an observation in line with the results of Garner and Dowden (loc. cit.), 
who noticed a decrease in surface activity of chromic oxide on repeated sorptions and 
desorptions at 400°. Adsorption work, at present in progress, on this system shows that 
the chromic oxide surface is exceptionally mobile; it is not surprising, therefore, that a 
proportion of the active centres disappear on treatment such as is described above. From 
the adsorption isotherm of chloroform on chromic oxide, which shows a Langmuir saturation 
value, the surface area of the chromic oxide sample under investigation has been calculated 
and compared with the area of surface covered with oxygen or hydrogen in the experiments 
at higher temperatures. It is found that only 5% of the total surface is available for 
chemisorption in this manner. The low susceptibility value of the oxide surface when free 
from both oxygen and hydrogen is remarkable and requires further investigation. 


EXPERIMENTAL. 


The oxides were prepared with due regard to their purity; wherever possible “ AnalaR ” 
reagents were used, and were specially tested for the presence of any ferromagnetic elements. 
The different samples of chromic oxide were prepared as follows :— 

(1) Precipitation method. Chromic sulphate, obtained by the reduction of an acidified 
solution of analytically pure chromic acid with alcohol, was treated with ammonia, and the 
precipitated hydroxide ignited at 800° (Found: Cr, 68-10. Calc.: Cr, 68-42%). 

(2) Ignition of chromium trioxide. Pure chromium trioxide was ignited in an electric 
furnace at 800° (Found: Cr, 68-28%). 

(3) Ignition of ammonium dichromate. The dichromate when ignited at 800° gave chromic 
oxide directly. The excess of ammonium dichromate, if any, was removed by washing the 
preparation with methyl alcohol, in which the salt is extremely soluble (Found: Cr, 64-14%). 
All the above preparations are slightly deficient in chromium; this is almost certainly due to a 
slight excess of oxygen, either chemisorbed or in the lattice, or both. 

(4) Reduction of potassium dichromate with sulphur. The dichromate was fused with excess 
of sulphur, cooled, and the mass washed free from sulphate, sulphide, and unattacked 
dichromate. One sample was ignited at 800° and another at 1080° (Found: Cr, 67-74, 
68-28% respectively). 

(4) Ignition of mercurous chromate. A solution of mercurous nitrate was added to a neutral 
solution of potassium dichromate, the precipitate filtered off, and washed well with a dilute 
solution of mercurous nitrate; it was ignited in a vacuum at 400° and then over a Meker 
burner (Found: Cr, 68-40%). 

Chromium Dioxide.—Chromium hydroxide was treated with 5% chromic acid solution, and 
the brown product washed and dried carefully below 200°. Chromium was determined by direct 
ignition to chromic oxide. Water was estimated by heating the sample and absorbing the 
liberated water in calcium chloride (Found: Cr, 51:34; H,O, 17:90. Calc. for CrO,,H,O: 
Cr, 51-00; H,O, 17-65%). 

Manganese Dioxide.—Analytically pure manganous nitrate was twice recrystallised from 
water and heated at 150—160° for 50 hours. The residue was washed free from nitrate and dried 
at 200°. On analysis it was found to conform to the formula MnO,..,. The product was 
repeatedly treated with boiling nitric acid in order to dissolve the lower oxides, and finally 
washed and dried at 200° in a vacuum. 

Manganic Oxide—The dried product obtained from the decomposition of manganous 
nitrate at 150—160° (above) was ignited to constant weight at 600° in an electric furnace. 

Manganous Oxide.—This. oxide was prepared by reducing the MnO,., in a slow current of 
dry hydrogen at 600°. Any adsorbed hydrogen in the greyish-green oxide was removed by 
heating it in a vacuum, first at 120° and finally at 200°. 

Analysis of the Oxides—Total manganese was estimated by the pyrophosphate method. 
Available oxygen was estimated by two methods: (a) The oxide was treated with a known 
excess of standard oxalic acid in the presence of dilute sulphuric acid, and the excess back- 
titrated with standard permanganate, (b) A known weight of the oxide was heated with an 
excess of hydrochloric acid, the chlorine evolved being absorbed in potassium iodide solution, 
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and the liberated iodine titrated sient standard thiosulphate. The results of these analyses 
are given below : 
Available oxygen, %. 
Total Mn an % 


Compound. %. "Method (a). | Method (b). Calc. 
Mn0,.99 (Mn0,) | tide eet et A 18-24 18-26 18-39 
cians ae 10-13 10-14 10-14 
17-45 0-00 0-00 0-00 


Magnetic Measurements.—The magnetic susceptibility of the samples was determined in 
both laboratories on a modified form of Gouy’s magnetic balance. The current was stabilised 
by a “ floating charge” method. In this method an accumulator in series with a resistance is 
connected in parallel with the magnet, and the resistance adjusted so that no current is being 
taken from the accumulator when the magnet is in use. Any slight change of current in the 
magnet causes a small current to flow from the accumulator and this is detected by an ammeter. 
The resistance controlling the current in the magnet is then adjusted to restore the original 
conditions. The magnetic balance was calibrated by the use of a standard sample of nickel 
chloride. 

During the measurements of magnetic susceptibility at low temperatures, the sample was 
kept at constant temperature by means of a water jacket. For measurements at higher tem- 
peratures an electrically-heated silica-tube furnace was used. The variations in temperature 
near the pole pieces on account of the furnace were not found to affect the field strength 
appreciably, because the pull per g., observed for the standard diamagnetic at various temper- 
atures, was found to be unaffected. In order to determine whether the substances in the tube 
had actually attained the temperature recorded by the thermometer in the furnace, a magnetic 
examination of manganese pyrophosphate, prepared from analytically pure manganous sulphate, 
was undertaken. The calculation of temperature was made by the aid of the Curie-Weiss law, 
the value of @ (—25°) being known for this compound. The observed and the calculated 
temperatures are tabulated below: the agreement is excellent. 


x x 10°. seseeesee 101-73 95-80 88-20 76-30 68-70 
x. { Obs. seeeee 305 325 355 414 463 
ices 325-3 = 3553 414-3 462-7 


Adsorption Apparatus ——The method of determining the magnetic susceptibility required 
that the tube in which the sample was kept should be about 6 mm. in diameter and not more than 
20 cm. long. It was also highly desirable that the susceptibility should be measured with the 
sample in an atmosphere of hydrogen or oxygen at the pressure at which the gas was being 
adsorbed without coming into contact with the atmosphere and, at the same time, without 
admission of air into the adsorption apparatus. A device was thus necessary which would enable 
the tube to be shut off from the rest of the apparatus, and yet leave it easily detachable in order 
that it might be removed to the magnetic balance. A tap-joint connexion was finally adopted. 
At the end of the silica reaction tube was a small ground joint, fitting into a small cap. A hole 
in the side of the joint in both tube and cap was made so that, by turning the cap, the tube 
could be opened to the atmosphere. The outside of the cap was also ground so that a similar, 
but larger cap could be fitted over the first. This second cap was then made to fit into a third 
cap which had been attached, by means of an internal seal, to a wide piece of tubing leading to 
the apparatus. By opening all the ‘‘ taps” the reaction tube could be connected to the main 
apparatus. When all the taps were shut and the two middle joints separated, the reaction 
tube could be removed from the main apparatus and weighed, without either the tube or the 
apparatus being opened to the atmosphere. 

The adsorption apparatus was of the static type, changes in pressure being measured by 
means of an oil manometer. The reaction tube was heated by an electric furnace wound round 
a copper block. The tube was inserted in a hole in the block which ensured uniform heating. 





Temp., ° K. 


Our thanks are due to Dr. J. S. Anderson, who designed the magnetic balance in use in the 
London laboratory. 


UNIVERSITY CHEMICAL LABORATORIES, LAHORE. 
IMPERIAL COLLEGE, Lonpon, S.W.7. [Received, July 11th, 1939.] 








1442 Levy and Campbell : 


308. Studies in Qualitative Organic Analysis. Part II. Identification 
of Alkyl Halides, Aromatic Nitroso-compounds, Aromatic Hydro- 
carbons, and cycloPentadiene Compounds. 

By (Miss) WINIFRED J. Levy and NEIL CAMPBELL. 


Methods are given for the identification of alkyl halides as S-alkylisothiourea 
picrates and of aromatic C-nitroso-compounds as 3-arylimino-2-phenylindolenines and 
p-bromoazobenzenes. Tests are recommended for the detection of aromatic hydro- 
carbons and these tests are shown to be characteristic, as they are given even by highly 
purified compounds. A colour test for compounds containing the cyclopentadiene 


nucleus is described. 


(i) Irwasshown (Brown and Campbell, J., 1937, 1699) that alkyl bromides and iodides can be 
satisfactorily identified as alkylisothiourea picrates,and we havenow improved and extended 
the method so that tertiary compounds and chlorides are included. The melting points 
of the derivatives are more convenient than those of the N-alkylsaccharins used by Merritt, 
Levey, and Cutter (J. Amer. Chem. Soc., 1939, 61, 15) for the same purpose. Ethyliso- 
thiourea picrate was obtained from #ert.-butyl and isovaleryl halides owing to interaction 
with the solvent, as shown by the formation of methylisothiourea picrate when methyl 
alcohol replaced ethyl alcohol as solvent. Methyl and ethyl chloroformates gave methyl- 
and ethyl-isothiourea picrates respectively. 

(ii) Various reagents were investigated for the identification of aromatic C-nitroso- 
compounds by condensing them with compounds containing reactive methylene groups. 
The methylene group in 2: 7-dibromofluorene (Sieglitz, Ber., 1920, 58, 1232) is very 
reactive and condenses readily with C-nitroso-compounds, but on the small scale the 
products were difficult to purify, probably owing to formation of both anils and nitrones 
(cf. Schénberg and Michaelis, J., 1937, 627; Bergmann, ibid., p. 1628; Thorneycroft, 
Thesis, London, 1927; Barrow and Thorneycroft, this vol., p. 770). 2-Phenylindole in 
presence of alkali condenses readily with nitroso-compounds (Angeli and Morrelli, Cenir., 
1908, 12, 605) to form anils, and these are suitable for identifying nitrosobenzene and its 
m- and p-substituted derivatives. The azo-compounds formed by condensation of nitroso- 
compounds with #-bromoaniline (Ingold, J., 1925, 127, 516) were found to be the most 
suitable derivatives for identification. 

(iii) 2: 4: 5-Trinitrotoluene is a valuable reagent for the alkylamines (Brown and 
Campbell, Joc. cit.), but not for aromatic amines. The more easily accessible 2 : 3: 5- 
trinitro-p-xylene is not so reactive with aliphatic amines. 

(iv) The fluorescence of many organic compounds (¢.g., fluorene) is due to traces of 
impurities. In view of the use of fluorescence in qualitative work, we purified several 
aromatic hydrocarbons by chromatographic adsorption to find if thorough purification 
diminished or removed the fluorescence. This was necessary in view of Dutt’s claim 
(J. Indian Chem. Soc., 1930, 7, 505) that extensive purification of certain aromatic and 
heterocyclic compounds removed their fluorescence, which returned only when the com- 
pounds were exposed to air. In no case did we observe any change in fluorescence even 
when some of the compounds studied by Dutt were purified several times by the chromato- 
graphic method. Dutt’s conclusions seem improbable in the light of other investigations ; 
e.g., he claimed to have obtained pure anthracene which did not fluoresce in ultra-violet 
light, but Weigert and Jackh (Naturwiss., 1927, 15, 124) showed that anthracene is converted 
into dianthracene in ultra-violet light, the increase in reaction velocity being inversely 
proportional to the decrease in fluorescence. 

(v) The colours obtained by the addition of sulphuric acid, or of sulphuric acid and 
benzylidene chloride (Lippmann and Pollak, Monatsh., 1902, 28, 670), to aromatic hydro- 
carbons were given when the latter were highly purified, and these tests, together with the 
fluorescence in benzene solution, are valuable aids for detection and identification. 

(vi) Vanscheidt (Chem. Abs., 1935, 29, 2160) gives a test for cyclopentadiene and com- 
pounds, such as indene and fluorene, containing the cyclopentadiene nucleus. We have 
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found this test to be somewhat untrustworthy, but if -dinitrobenzene is added to Van- 
scheidt’s reagent (methyl-alcoholic potassium hydroxide and acetone or pyridine) charac- 
teristic green or blue colours are obtained with cyclopentadiene, etc. The mere presence 
of a methylene group is insufficient to give the test, as negative results were obtained with 
diphenylmethane, acenaphthene, etc. It was first thought that the test was due to the 
formation of a potassium salt, but this in itself is insufficient, since indene, phenylacetylene, 
and 9-phenylfiuorene all have the same degree of acidity (Conant and Wheland, J. Amer. 
Chem. Soc., 1932, 54, 1216) but only indene gives a positive test. Of special interest is 
truxene, the structure of which has not yet been established. It gives a positive test with 
our reagent, and this confirms the structure assigned in Beilstein’s ‘‘ Organische Chemie ”’ 
(cf. Stobbe and Zschoch, Ber., 1927, 60, 457). 


EXPERIMENTAL. 


Unless otherwise stated, compounds were prepared by standard methods and had the 
properties given in the literature. M. p.’s were determined in Kofler’s apparatus (Mikrochem., 
1934, 15, 242). Most of the analyses were done by Mr. W. Brown, Edinburgh. 

Preparation of S-Alkylisothiourea Picrates——Finely powdered thiourea (1 g.), alkyl halide 
(1 g.), and ethyl alcohol (10 c.c.) were refluxed for a period depending on the nature of the alkyl 
halide (see following table). Picric acid (1 g.) was then added, and the mixture heated until 
a clear solution was obtained and cooled. If no precipitate separated, a few drops of water were 
added. The picrates crystallised from alcohol in yellow needles or prisms. In the majority of 
cases the method can easily be applied with 0-2 g. of alkyl halide. 


S-Alkylisothiourea Picrates. 


Alkyl halide. Formula. M. p. Time. N, %, found. N, %, calc. 


Methyl iodide ............seeseeeeeeee 224° 5 mins. 

Ethyl iodide . .........ccccccccccrecce 188 5 mins. 

Ethylene dibromide ............... 260 15 mins. 

n-Propyl bromide ............++0++ 177 5 mins. 

n-Propyl chloride * C,,9H,;0,N;,S 176 3 20-2 

ae WOUND hee ssccedssssccics 196: , 

Propy. ene dibromide * see eeeceeeee C,,H,,0,N,S, 232 i . 23-3 

n-Butyl bromide...............0+0e+ 177 i 

n-Butyl chloride —...............26. Cy,~H,,0,N,S 177 " 19-4 

ssoButyl iodide ............c.ceseee 167 i 

sec.-Butyl iodide * ..............00+. 166 

tert.-Butyl iodide f ............+4. © ,H,,0,N,S 188 : ; 21-0 

isoButylene dibromide * C,,H,,0,N,S, 223 A ; 22-5 

n-Amyl bromide _............0e000+ 154 i 

n-Amyl chloride —............-0..5. CygH ,,0,N,;S 154 ; I 18-7 

isoAmyl bromide .............+0++. 173 i 

tsoAmyl chloride * eee eeeseeeceses C,,H,,0,N,S 173 . P 18-7 

sec.-Amyl bromide _ ............++ 157 ins. 

isoValeryl chloride t C,H,,0,N;S 187 ; ° 21-0 

n-Hexyl bromide © ..............04+. 157 ins. 

n-Heptyl bromide _............... CygH,,O,N,S 142 ins. : 17-4 

n-Octyl bromide See eee eee ere seetes C,;H,;0,N,S 134 i ° * 16-8 

Cetyl] iodide — ........sccccccccccseece CoygkiggO.N,S 137 \ : 13-2 

Allyl chloride ...........sssssesee0008 CygH,,0,N,S 155 i 20-3 

Trimethylene dibromide C,,H,,0,N,S, 229 23-3 

a-Phenylethyl bromide ............. CysH,,0,N,;S 167 17-1 

f-Phenylethyl bromide ............ 139 17-1 

o-Bromobenzyl bromide Cc 222 14-8 

m-Bromobenzyl bromide C,,H,,0,N 205 14-8 

p-Bromobenzy] chloride H 219 14-8 

o-Chlorobenzyl bromide C,,H,,0,N,Cl 213 16-3 

m-Chlorobenzyl bromide Cc 200 16-3 
-Chlorobenzyl bromide C,,H,,0,N,C 194 3 16-3 
ethyl chloroformate f 224 30 mins. 

Ethyl chloroformate f ......... 187 30 mins. 


* Small yield. ¢ S-Ethylisothiourea picrate. t S-Methylisothiourea picrate. 


Two compounds were further analysed : m-chlorobenzylisothiourea picrate (Found: C, 39-3; 
H, 3-4. C,,H,,0,N,CIS requires C, 39-1; H, 2-8%), and o-bromobenzylisothiourea picrate 
(Found: C, 35-8; H, 2-7. C,,H,,0O,N,BrS requires C, 35-4; H, 2-5%). 

Preparation of 3-Arylimino-2-phenylindolenines.—The nitroso-compound (0-5 g.) and 2- 


es 


— ee 
PD IE BE OUD IG 
POADSH OAM 





1444 Levy and Campbell : 


phenylindole (0-5 g.) were dissolved in alcohol, the solution cooled, and a few drops of alcoholic 
potassium hydroxide added; a violent reaction occurred. The condensation product which 
separated was crystallised from alcohol. All formed orange needles, except the nitrosobenzene 
compound, which formed vermilion prisms. 


3-Arylimino-2-phenylindolentines. 
Formula. M.p. N, %, found. N, %, calc. 
CMH NCI 154° 10-5 9-9 


Coosa 
Sekt 148 9-25 


“85 
157 9-16 “85 


8 

p-Chloroni - 8 
o-Bromonitrosobenzene ............ Cg9H4sN,Br 

m-Bromonitrosobenzene ............ as 169 7-88 7-74 

7:74 

9-46 


p-Bromonitrosobenzene ............ - 154 7-93 
O-Nitrosotoluene .........sseeeeeeeeee CopH agg 

m-Nitrosotoluene ............sseseee0s we 136 9-64 
p-Nitrosotoluene  ............cseeee0e ‘2 146 9-53 9-46 


The following compounds were further analysed: nitrosobenzene derivative (Found : 
C, 845; H, 49. C.H,,N, requires C, 85-1; H, 5-0%); p-chloronitrosobenzene derivative 
(Found: C, 76-1; H, 4-1. C, 9H,,N,Cl requires C, 75-8; H, 4-1%); p-nitrosotoluene derivative 
(Found: C, 84-5; H, 5-7. Cy,H,,N, requires C, 84-5; H, 5-6%). 

p-Nitrosotoluene gave rise, not only to the anil, but also to a high-melting compound formed 
by the action of the potassium hydroxide used as condensing agent; this was separated from the 
anil by its insolubility in ether. Tedious separations with benzene gave three fractions, m. p. 
above 350°, m. p. 209—250°, and m. p. 190—-245°. The middle fraction was crystallised several 
times from benzene and then melted at 215° with the exception of a very small quantity which 
melted at 250°. Analysis of the compound, m. p. 215° (Found: C, 72-03; H, 5-51; N, 11-77%), 
is not in good agreement with the results of Reissert (Ber., 1909, 42, 1371), who had isolated 
this compound and suggested the termolecular formula C,,H,,O,N,; (Calc.: C, 73-01; 
H, 5°55; N, 12-17%). 

Attempts to obtain a-nitrosonaphthalene by the method of Willstatter and Kubli (Ber., 
1908, 41, 1938) gave unsatisfactory results (cf. Neunhoeffer and Liebich, Ber., 1938, 71, 2247). 

Preparation of Substituted p-Bromoazobenzenes.—These were obtained from p-bromoaniline 
and the various nitroso-compounds by Ingold’s method (loc. cit.) and were purified from glacial 
acetic acid. 0-1 G. of nitroso-compound can easily be identified by this method. 


omer. 1 Bo Formula. M.p. N, %, found. N, %, calc. 


Nitrosobenzene . eccccesepegne 88° 

o-Chloronitrosobenzene ............ C,,H,N,CIBr 110 9-74 9-48 
m-Chloronitrosobenzene ............ pl 9-46 9-48 
p-Chloronitrosobenzene ............ oi 9-67 9-48 
o-Bromonitrosobenzene ............Cy;H,N,Br, 8-58 8-23 
m-Bromonitrosobenzene ............ on 8-16 8-23 
p-Bromonitrosobenzene ............ pa 

0-Nitrosotolueme  ...........sseeeeeeee CygHyyN,Br 

m-Nitrosotoluene .........cc.ceeceeeee pol 82 10-3 10-2 
P-Nitrosotoluene  ..........0eceeceeeee pa 10-4 10-2 


Preparation of 4: 6-Dinitro-N-aryl-m-toluidines. —Prepared from aromatic amines and 
2:4: 5-trinitrotoluene by the method of Brown and Campbell (loc. cit.), these separated from 
alcohol as orange or yellow needles. Derivatives were obtained from the following amines 
(m. p.’s in parentheses) : aniline (145°), m-toluidine (150°), m-xylidine (186°), and p-anisidine 
(139°). The method is not recommended, as amines such as o-toluidine did not yield derivatives. 

Preparation of 3: 5-Dinitro-N-alkyl-p-«ylidines.—Difficulty was experienced in preparing 
2:3: 5-trinitro-p-xylene, for the purchased p-xylene contained considerable quantities of the 
m-compound. On oxidation of the xylene with potassium permanganate and esterification of the 
product with methyl alcohol, methyl terephthalate (m. p. 140°) was obtained, but the alcoholic 
filtrate after some time deposited the isophthalic ester (m. p. 66°). Nitration of the xylene 
afforded a mixture which, crystallised from ethyl alcohol, yielded trinitro-m-xylene (m. p. 180°), 
whereas the filtrate on standing gave trinitro-p-xylene (m. p. 139°). In testing xylenes it is 
therefore advisable to use both oxidation and nitration. 

2:3: 5-Trinitro-p-xylene reacted in the same way as 2:4: 5-trinitrotoluene towards 
aliphatic amines, the 2-nitro-group being replaced; ¢.g., methylamine gave 3: 5-dinitvo-N- 
methyl-p-xylidine (Found : N, 187. C,H,,0,N, requires N, 18-7%). The reagent does not react 
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readily with many aliphatic amines, and is therefore not to be recommended for this class of 
compound. 

Fluorescence and Colour Tests of Aromatic Hydrocarbons.—All fluorescence observations were 
made with ultra-violet light from a Hanovia mercury lamp provided with a filter to eliminate 
visible waves. 

Several hydrocarbons were thoroughly purified by chromatographic adsorption, a 30-in. 
column packed with Brockmann’s aluminium oxide being used. In some cases several purifi- 
cations were effected. Fluorene (0-2 g. in 200 c.c. of benzene; developer, benzene) was oLtained 
from the filtrate as a non-fluorescing compound. Naphthalene (0-5 g. in 250 c.c. of light 
petroleum; developer, same solvent) was obtained in the filtrate, and had a purple fluorescence. 
Anthracene [0-2 g. in 750 c.c. of light petroleum (b. p. 40—60°); developer, same solvent] was 
obtained in the filtrate and had a purple fluorescence; from the column, dianthracene, m. p. 
230°, was obtained. When the purification was performed in the dark, no dianthracene was 
detected. Chrysene [light petroleum (b. p. 40—60°) as solvent and developer] was isolated 
from the filtrate and had a bright purple fluorescence. Pyrene [0-2 g. in 10: 1 benzene—light 
petroleum (b. p. 40—60°); developer, 3: 1 benzene-light petroleum] was obtained from the 
filtrate as a pure white substance (cf. Clar, Ber., 1936, 69, 1684) with a vivid light green 
fluorescence ; from the column, a minute amount of a yellow compound was obtained which gave 
colour tests for anthracene. 1: 2-Benzanthracene (benzene as solvent and developer) was 
obtained from the filtrate and gave a purple fluorescence. In the treatment of 2 : 3-benzan- 
thracene (0-2 g. in 500 c.c. of benzene; developer, benzene), the column became yellow and the 
side exposed to the window light turned orange. The orange compound was identified as 
2: 3-naphthaquinone, m. p. 188° (lit., 194°), by the red colour it gave with concentrated sul- 
phuric acid. When the experiment was performed in the dark, the filtrate yielded the pure 
hydrocarbon with a slight green fluorescence, and from the tube some of the quinone was isolated. 

The colours obtained with the purified hydroca:bons and sulphuric acid, and benzylidene 
chloride and sulphuric acid, were the same as those given by the unpurified compounds. The 
latter test is reliable only when standard conditions are used : one drop of benzylidene chloride is 
dissolved in benzene (10 c.c.), a few mg. of the compound added, and the mixture shaken. The 
colours obtained were in some instances different from those observed by Lippmann and Pollak 


(loc. cit.). 


Studies in Qualitative Organic Analysis. 


Benzylidene chloride test. 


Colour. Compound. 
Yellow 1:2: 5: 6-Dibenzfluorene 
Carmine-red Phenanthrene ........... 
Violet Perylene ........ sass 
Carmine-red 1: 2- Benzanthracene . 
Carmine-red 9: SNES 
Green Fluoranthene ......... 
Emerald-green 


Colour. 
Yellowish-green 
Violet 
Dark purple 
Reddish-brown 
Purple 
Purple 


Compound. 
Diphenylmethane ............ 
ae ew he que doscee coe sen ccoserese 
Retene .. 

Fluorene . Sd Rh ev esbive Geo vndn 
9-Phenylfluorene 
1: 2-Benzfluorene 
3: 4-Benzfluorene ............ 


No characteristic colours were obtained with benzopyrene, dibenzyl, hydrindene, 2 : 3- 
benzanthracene, or truxene. Quinones did not respond to the test. 

Detection of cycloPentadiene Derivatives.—p-Dinitrobenzene (0-2 g.) was dissolved in pyridine 
(preferably) or acetone (100 c.c.), and to 3 c.c. of this solution a little of the compound to be 


Colour test for cyclopentadiene derivatives. 


Cumpound. 


cycloPentadiene 


Dicyclopentadiene Lstbnsddidded> cbohon tieebatins 


Indene.. 
Fluorene 


Fluorene ssscevunseesesesneen ston 


2-Bromofluorene 


2 : 7-Dibromofiuorene iS, Ludddal SenAbbacb dbs 
7-Bromo-2-nitrofluorene ............seeceeeeeees 
2-Bromo-3-nitrofluorene ............ceeeeeeeeee 


1 : 2-Benzfluorene 
3 : 4-Benzfluorene 


1:2:5: 6-Dibenzfluorene ..-ssseseeesesn 


Truxene .........6+ 


Solvent. 





Acetone. 
Greenish-yellow 


Emerald-green 

Blue ——> 

Prussian-blue 

Blue ——> green 

Prussian-blue ——-> 
emerald-green 

Prussian-blue 

Blue ——> dark green 


Dark green 
Emerald-green 
Dirty green 


Pyridine. 
Greenish-yellow 
Emerald-green 
Emerald-green 
Emerald- 
Greenish-blue 
Dark green 
Greenish-blue 


Prussian-blue 
Prussian-blue 
Green 
Emerald-green 
Emerald-green 
Emerald-green 
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tested was added; 3 drops of methyl-alcoholic potash (3 c.c. of alcohol containing 3 drops of 
4n-alkali) were added, the colour noted, and then more alcoholic potash was added until 
no further change of colour occurred. 

Negative results were obtained with 9-phenylfluorene, diphenylmethane, triphenylmethane, 
phenylacetylene, triphenylcarbinol, and acenaphthene. 

Preparation of 2:4-Dinitrobenzoic Acid.—The method given by Brown and Campbell 
(loc. cit.) is not reliable (Storrie, private communication), the yield being profoundly affected by 
the nature and concentration of the nitric acid. Storrie’s method (J., 1937, 1746) therefore 
remains the best available. 


We wish to thank Prof. J. W. Cook for samples of fluorene derivatives, the Moray Fund 
for a grant, and the Carnegie Trust for the Universities of Scotland for a teaching fellowship 
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309. The Action of Alcoholic Monomethylamine on Derivatives of Benzo- 
quinone and Toluquinone. Part I. The Methoxy- and Hydroxy- 
methoxy-derivatives. 


By W. K. AnsLtow and H. RalstTRIckK. 


An investigation has been made of the action of alcoholic monomethylamine on 
(A) the mono- and di-methoxy-derivatives of benzoquinone and on the mono-, di-, and 
tri-methoxy-derivatives of toluquinone and (B) a number of hydroxymethoxy-deriv- 
atives of benzo- and tolu-quinone. (A) With two exceptions the reaction proceeded 
in the anticipated way. 4-Methoxytoluquinone and 4: 6-dimethoxytoluquinone 
behaved abnormally, giving respectively 2: 5-bismethylamino-1 : 4-benzoqguinone 
and 2: 5-bismethylamino-3-methoxy-1 : 4-benzoquinone, which were identified by their 
hydrolysis products, 2: 5-dihydroxybenzoquinone and 2: 5-dihydroxy-3-methoxy- 
benzoquinone. This abnormal reaction was not observed with any other methoxy- 
derivative having a methoxyl group para to methyl. (B) Certain other abnormalities 
were observed and the methylamino-derivatives obtained and also their hydrolytic 
products are described. Methods are given for the preparation of 3: 4: 6-trimethoxy- 
toluquinone, 2-hydroxy-5-methoxybenzoquinone, 5-hydroxy-2 : 3-dimethoxybenzoquinone, 
6-hydroxy-3-methoxytoluquinone, §6-hydroxy-3 : 4-dimethoxytoluquinone and their re- 
spective quinols 2: 5-dihydroxy-3 : 4: 6-trimethoxytoluene, 1: 2: 4-trihydroxy-5-methoxy- 
benzene, 1:4: 5-trihydroxy-2 : 3-dimethoxybenzene, 2: 5 : 6-trihydroxy-3-methoxytoluene 
and 2: 5: 6-trihydroxy-3 : 4-dimethoxytoluene. 


SPINULOSIN, a metabolic product of the mould Penicillium spinulosum Thom (Birkinshaw 
and Raistrick, Phil. Trans., 1931, B, 220, 245), was shown by Anslow and Raistrick 
(Biochem. J., 1938, 32, 687, 803) to be 3: 6-dihydroxy-4-methoxy-2 : 5-toluquinone. 
Applying the well-known method for the synthesis of p-dihydroxyquinones, an attempt was 
made to synthesise spinulosin by the interaction of alcoholic monomethylamine and 
4-methoxytoluquinone and hydrolysis of the resulting methylamino-derivative. Instead 
of the expected 3 : 6-bismethylamino-4-methoxytoluquinone, however, 2 : 5-bismethyl- 
amino-1 ; 4-benzoquinone was formed, which gave 2: 5-dihydroxy-l : 4-benzoquinone on 
hydrolysis. This surprising reaction led us to investigate the action of alcoholic mono- 
methylamine on substituted benzo- and tolu-quinones and the present communication 
records the results obtained with a number of methoxy- and hydroxymethoxy-derivatives 
of benzo- and tolu-quinone. 

Benzoquinone, methoxybenzoquinone, and 2 : 5-dimethoxybenzoquinone reacted in the 
expected way and gave 2 : 5-bismethylamino-1 : 4-benzoquinone. Similarly, toluquinone, as 
was already known (Fichter, Annalen, 1908, 361, 400), 3-methoxytoluquinone, 6-methoxy- 
toluquinone and 3 : 6-dimethoxytoluquinone reacted normally and gave 3 : 6-bismethyl- 
amino-2 : 5-toluquinone, which gave 3 : 6-dihydroxytoluquinone on hydrolysis. On the 
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other hand, 4 : 6-dimethoxytoluquinone reacted in a similar way to 4-methoxytoluquinone, 
losing the methyl group and the methoxy-group in the para-position to it, and gave 2 : 5- 
bismethylamino-3-methoxy-1 : 4-benzoquinone, a compound which was also produced by 
2 : 6-dimethoxybenzoquinone and by 2:3-dimethoxybenzoquinone. The product of 
hydrolysis in this case was 2: 5-dihydroxy-3-methoxybenzoquinone, which has been 
prepared by a different method by Aulin and Erdtman (Svensk Kem. Tidskr., 1937, 49, 
214). The presence of methyl and methoxy-groups in the para-position to each other does 
not, however, invariably or even usually lead to substitution of these groups by the methyl- 
amino-group. Thus 3 : 4-dimethoxytoluquinone and 3 : 4 : 6-trimethoxytoluquinone reacted 
to give 3: 6-bismethylamino-4-methoxy-2 : 5-toluquinone, which on hydrolysis yielded 
spinulosin, and other examples are recorded later. 

All the thirteen methoxy-derivatives of benzoquinone and toluquinone examined gave 
bismethylamino-derivatives and in all cases the entering methylamino-groups were in 
the para-position to each other. The yields of methylamino-derivatives obtained approx- 
imated to those which would be expected from theoretical considerations. Thus in those 
cases where two methoxy-groups were replaced by two methylamino-groups, ¢.g., 2 : 5- 
dimethoxybenzoquinone, 3 : 6-dimethoxy- and 3 : 4 : 6-trimethoxy-toluquinone, the yield 
approximated to 100%. Where only one methoxy-group was replaced, ¢.g., methoxy-, 
2:6- and 2: 3-dimethoxy-benzoquinone, 3-methoxy- and 3 : 4-dimethoxy-toluquinone, 
the yield was about 50%. Finally with benzoquinone and toluquinone the yield was of 
the order of 33%. 

The conversion, on treatment with alcoholic methylamine, of 4-methoxytoluquinone 
(I) into 2 : 5-bismethylamino-1 : 4-benzoquinone (III) with the consequent loss of a methyl 
group can be explained most readily by supposing that one molecule of methylamine 
attaches itself to the same carbon atom as the methyl group, with the intermediate form- 
ation of (II). Subsequent elimination of the methyl group from (II) as methane, as is 
known to occur in a number of other reactions (Guareschi, Gazzetta, 1918, 48, II, 83) leads 
to the formation of (III). A similar reaction would explain the formation of 2 : 5-bis- 
methylamino-3-methoxy-1 .: 4-benzoquinone from 4 : 6-dimethoxytoluquinone. 
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This suggested mechanism does not explain, however, the yields of methylamino- 
derivatives obtained in the two cases, t.¢., about 30% and 40% respectively instead of the 
theoretical 100% required by the equation. 

Other instances have been reported of the loss of a methyl group from a substituted 
benzoquinone on treatment with an amine, though not, so far as we are aware, on treat- 
ment with monomethylamine. Hoffman (Ber., 1901, 34, 1558) showed that when an 
alcoholic solution of dibromothymoquinone is treated with #-toluidine, 3 : 6-dibromo-4-4- 
toluidinoisopropyl-2 : 5-benzoquinone is formed. A similar compound was obtained with 
aniline in place of toluidine. Boters (Ber., 1902, 35, 1502), in a continuation of Hoffman’s 
work, found that m-toluidine and anisidine react with dibromothymoquinone in an exactly 
similar fashion in that the methyl group is removed from the nucleus. Similarly p-toluidine 
reacts with dichlorothymoquinone to give 3 : 6-dichloro-4-p-toluidinossopropyl-2 : 5- 
benzoquinone with the elimination of the methyl group. On the other hand, monomethyl- 
amine behaves towards dibromothymoquinone in a different way, since it yields bismethyl- 
aminothymoquinone by the removal of two bromine atoms, but in this case the methyl group 
remains attached to the nucleus. ’ 

The results obtained with nine substituted benzo- and tolu-quinones containing both 
hydroxyl and methoxyl groups, while interesting in themselves, bear little apparent 
relationship to each other and do not lend themselves to any obvious generalisations. 

6-Hydroxy-3-methoxytoluquinone, 5-hydroxy-2 : 3-dimethoxybenzoquinone and 6-hydroxy- 
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3 : 4-dimethoxytoluquinone reacted, in each case smoothly, with the replacement by a 
methylamino-group of the methoxy-group para to the hydroxy-group and the formation, 
respectively, of 3-methylamino-6-hydroxy-2 : 5-toluquinone, 2-methylamino-5-hydr oxy-3- 
methoxy-1 : 4-benzoquinone and 3-methylamino-6-hydroxy-4-methoxy-2 : 5-toluquinone. The 
products of hydrolysis of these three methylamino-derivatives were respectively 3 : 6- 
dihydroxytoluquinone, 2: 5-dihydroxy-3-methoxybenzoquinone and 3: 6-dihydroxy-4- 
methoxytoluquinone (spinulosin). 

On the other hand, no methylamino-derivative could be isolated from 4-hydroxy-6- 
methoxytoluquinone, and 3-hydroxy-4-methoxytoluquinone (i.e., fumigatin, a metabolic 
product of Aspergillus fumigatus Fresenius; Anslow and Raistrick, Biochem. J., 1938, 32, 
687) reacted, with replacement by a methylamino-group of the nuclear hydrogen in posi- 
tion 6, to give 6-methylamino-3-hydroxy-4-methoxy-2 : 5-toluquinone, which on hydrolysis 
gave spinulosin. In all the above cases, where methylamino-derivatives were isolated, 
they were invariably monomethylamino-derivatives, whereas with the methoxy-compounds 
of benzo- and tolu-quinone, as described previously, bismethylamino-derivatives invari- 
ably resulted. 

Two dihydroxymonomethoxy-compounds were tested, viz., 2 : 5-dihydroxy-3-methoxy- 
benzoquinone and 3 : 6-dihydroxy-4-methoxytoluquinone. With these substances no 
replacement of any groups by methylamine was evident, since bis-methylamine salts 
resulted in each case. ; 

The two remaining quinones, 2-hydroxy-5-methoxy-1 : 4-benzoquinone (IV) and 
6-hydroxy-4-methoxy-2 : 5-toluquinone (XIV), reacted with methylamine in a somewhat 
unusual manner. The former gave a mixture of two different bismethylamino-benzoqui- 
nones, each having the empirical formula CgH,,O,N, and each giving 2 : 5-dihydroxy-1 : 4- 
benzoquinone (VI) on alkaline hydrolysis. One of these methylamino-derivatives melts 
at 285—286°, is insoluble in water and only very slightly soluble in 2N-sulphuric acid, and 
is the same product as was obtained in theoretical yield by treating 2 : 5-dimethoxy-1 : 4- 
benzoquinone with methylamine (see p. 1447). This methylamino-derivative is doubtless 
2 : 5-bismethylamino-1 : 4-benzoquinone (V). Its slight solubility in 2Nn-sulphuric acid 
could then be readily explained, since each C—O group might be expected to neutralise 
its adjacent methylamino-group. The second methylamino-derivative does not melt 
below 360°, but is readily soluble in dilute acid and even in water. Its formation and pro- 
perties are readily explained if it be assumed that 2-hydroxy-5-methoxy-1 : 4-benzoqui- 
none (IV), on treatment with alcoholic methylamine, reacts in its tautomeric form (VII) 
to give 4: 5-bismethylamino-1 : 2-benzoquinone (VIII), which on hydrolysis gives (IX). 
The fact that both (V) and (VIII) give the same product on hydrolysis then follows, since 
(VI) and (IX) are tautomerides. 


OH NHMe 


0  NHMe 
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(IX.) 


Finally, 6-hydroxy-4-methoxy-2 : 5-toluquinone (XIV) gave a bismethylamino-deriv- 
ative which, as we have previously reported (Anslow and Raistrick, Biochem. J., 1938, 32, 
803), gives on acid hydrolysis a good yield of spinulosin and affords a very convenient method 
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for the synthesis of this substance. This methylamino-derivative, C,gH,,O,N2, might be 
expected to be identical with the methylamino-derivative, of the same empirical formula 
and also giving spinulosin on acid hydrolysis, which was obtained by treating either 3 : 4- 
dimethoxy-2 : 5-toluquinone (X) or 3 : 4: 6-trimethoxy-2 : 5-toluquinone (XI) with alco- 
holic methylamine. In fact the two methylamino-derivatives are quite distinct chemical 
substances: the derivative from 6-hydroxy-4-methoxytoluquinone gives a pure blue 
solution in chloroform, is readily soluble in cold n/10-sulphuric acid, and melts at 228°, that 
from 3 : 4-dimethoxytoluquinone and 3 : 4 : 6-trimethoxytoluquinone gives a purple solu- 
tion in chloroform, is insoluble even in 2N-sulphuric acid, and melts at 231°, and a mixture 
of the two substances melts at 219°. These facts can be readily explained on the same lines 
as are given above for the formation of two different bismethylamino-derivatives from 
2-hydroxy-5-methoxybenzoquinone. Thus, since it is difficult, if not indeed impossible, to 
conceive of 3 : 4: 6-trimethoxytoluquinone (XI) undergoing any tautomeric change, the 
substance obtained when this quinone or 3: 4-dimethoxytoluquinone (X) reacts with 
methylamine must be 3 : 6-bismethylamino-4-methoxy-2 : 5-toluquinone (XII) and the 
insolubility of this substance in 2N-sulphuric acid is then to be expected, since each C—O 
group is adjacent to a methylamino-group. 6-Hydroxy-4-methoxytoluquinone (XIV) 
must then react with methylamine in its tautomeric form (XV) to give 5 : 6-bismethyl- 
amino-4-methoxy-2 : 3-toluquinone (XVI). The fact that both (XII) and (XVI) give 
spinulosin on acid hydrolysis follows, since (XII) would give (XIII) and (XVI) would give 
(XVII) on hydrolysis and (XIII) and (XVII) are tautomerides. 
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From the results described above it will be seen that four derivatives of 4-methoxy- 
toluquinone, viz., 3-hydroxy-4-methoxytoluquinone, 6-hydroxy-4-methoxytoluquinone, 
3 : 6-dihydroxy-4-methoxytoluquinone and 6-hydroxy-3 : 4-dimethoxytoluquinone, are 
included in the hydroxymethoxyquinones examined. In none of these cases was there 
any indication of the substitution of methylamine for the methyl group and the methoxyl 
group in the para-position to it such as is described previously for 4-methoxytoluquinone 
and 4 : 6-dimethoxytoluquinone. 

Further experiments are in progress on the action of methylamine on a number of mono- 
and di-hydroxy-derivatives of benzo- and tolu-quinone, the results of which will be 
reported at a later date. 


EXPERIMENTAL. 


The method adopted throughout the following experiments was to dissolve the quinone 
under examination in a suitable volume of cold or hot ethanol and to add to the solution a large 
excess of a 33% w./w. solution of monomethylamine in ethanol. The methylamino-derivative 
which separated was purified and identified. 

(I) Benzoquinone (5 g.) was dissolved in ethanol (250 ml.), and alcoholic methylamine 
(25 ml.) added at room temperature. The mixture became intensely purple-brown and was kept 
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at 0° for 3 days. The amorphous, dull purple product separating (1-6 g.) was removed by 
filtration, washed with ethanol, dried, sublimed in a high vacuum at 160°, and crystallised from 
ethanol, forming long silky cerise needles of 2 : 5-bismethylamino-1 : 4-benzoquinone, m. p. 284— 
286° (decomp.) (Found: C, 58-0; H, 6-0; N, 16-8. C,H,O,N, requires C, 57-8; H, 6-1; 
N, 16-9%). It dissolves in chloroform to give a dull orange solution, is slightly soluble in cold 
2n- and readily soluble in 5n-sulphuric acid, giving a reddish-purple solution, and almost 
insoluble in cold n-sodium hydroxide. 

(II) Methoxy-1 : 4-benzoquinone (Mulhauser, Annalen, 1881, 207, 251) (0-1 g., m. p. 145— 
146°) was dissolved in boiling ethanol (2 ml.), and alcoholic methylamine (0-5 ml.) added. The 
solution immediately became intensely purple-brown and after a few seconds purple needles 
began to separate. After 1} hours these were filtered off, washed, dried (0-05 g.), sublimed in a 
high vacuum at 160°, and then crystallised from ethanol, forming cerise needles, m. p. 285—287°, 
not depressed on admixture with 2: 5-bismethylamino-1 : 4-benzoquinone prepared from 
benzoquinone. 

(III) 2: 5-Dimethoxy-1 : 4-benzoquinone (Knoevenagel and Biickel, Ber., 1901, 34, 3996) 
(0-3 g., m. p. 303°) was suspended in boiling ethanol (12 ml.), and alcoholic methylamine (1-5 m1.) 
added. The mixture shortly became reddish-purple and was shaken at frequent intervals. 
The quinone slowly dissolved and reddish-purple silky needles separated. These were filtered 
off overnight, dried (0-25 g.), and crystallised first from ethanol and then from chloroform, 
forming silky cerise needles, m. p. 284—287°, not depressed on admixture with 2 : 5-bismethyl- 
amino-1 : 4-benzoquinone prepared from benzoquinone. 

(IV) 2 : 6-Dimethoxy-1 : 4-benzoquinone (1-0 g., m. p. 254—255°), prepared by the oxidation 
of pyrogallol trimethyl ether (Ullmann, Annalen, 1903, 327, 116) with alcoholic nitric acid 
(Graebe and Hess, Annalen, 1905, 340, 237), was suspended in boiling ethanol (50 ml.), and 
alcoholic methylamine (5 ml.) added. The mixture, which became red, was shaken frequently ; 
the quinone slowly dissolved. After standing for 24 hours, the steel-grey needles which had 
separated were filtered off, washed with ethanol, and dried (0-51 g.). Thesubstance, 2: 5-bismethyl- 
amino-3-methoxy-1 : 4-benzoquinone, was sublimed in a high vacuum at 140°, and crystallised 
from ethanol, forming steel-grey needles, m. p. 234° (Found : C, 56-1; H, 6-3; N, 13-9. C,H,,0,N, 
requires C, 55-1;. H, 6-2; N, 143%). It gives a deep purple (permanganate) solution in 
chloroform and is insoluble in 2n- and sparingly soluble in cold 5n-sulphuric acid to give a 
violet-blue solution. It is almost insoluble in cold Nn-sodium hydroxide. Its constitution 
follows from the fact that on acid hydrolysis it gives 2 : 5-dihydroxy-3-methoxy-1 : 4-benzo- 
quinone (see section XII), identified by its m. p. 159—160°, alone or in admixture with an 
authentic specimen, by its colour reactions and by analysis (Found: C, 49-1; H, 3-8. Calc. 
for C,H,O,: C, 49-4; H, 3-6%). 

(V) 2: 3-Dimethoxy-1 : 4-benzoquinone (Baker and Smith, J., 1931, 26547) (0-1 g., m. p. 
66—67°), prepared by decarboxylation of 2: 5-dihydroxy-3 : 4-dimethoxybenzoic acid and 
oxidation of the resulting quinol (Baker and Savage, J., 1938, 1604), was dissolved in ethanol 
(2 ml.) and to the cold solution 0-5 ml. of methylamine was added. The solution, which imme- 
diately became deep purple-brown, deposited purple-black crystals after 15 minutes, which were 
separated after 24 hours, washed and dried. This crude 2 : 5-bismethylamino-3-methoxy-1 : 4- 
benzoquinone (0-04 g.), m. p. 231—232°, was sublimed in a high vacuum at 140°, giving 0-025 g. 
of a crystalline sublimate, m. p. 234°, not depressed on admixture with 2 : 5-bismethylamino-3- 
methoxybenzoquinone prepared from 2: 6-dimethoxybenzoquinone (see previous section). 
The substance, which crystallises from ethanol in steel-grey crystals, also shows the same 
solubilities and colours in chloroform, 2N- and 5n-sulphuric acid, and cold sodium hydroxide as 
the product from 2 : 6-dimethoxybenzoquinone. 

(VI) It was shown by Fichter (A nnalen, 1908, 361, 400) that toluquinone, on treatment with 
methylamine, gives a bismethylamino-derivative; this must be 3: 6-bismethylamino-2 : 5- 
toluquinone, since it gives on hydrolysis a dihydroxytoluquinone which on methylation yields 
3 : 6-dimethoxytoluquinone (Anslow, Ashley, and Raistrick, J., 1938, 439). The yield of crude 
methylamino-compound is small (12-2 g. of toluquinone, dissolved in 100 ml. of ethanol and 
treated with 20 ml. of alcoholic methylamine, gave 2-6 g. of crude product) and the substance is 
very impure. It was purified by sublimation in a high vacuum at 140—150°, followed by 
crystallisation from ethanol; the purple-brown crystals had m. p. 231°. Fichter (loc. cit.) 
gives 235°. It is readily soluble in chloroform, giving a crimson solution. It is insoluble in 
n-sodium hydroxide, slightly soluble in 2n- and readily soluble in cold 5n-sulphuric acid, giving 
a deep purple (permanganate) solution. 

(VII) 3-Methoxytoluquinone (Henrich and Nachtigall, Ber., 1903, 36, 899) (0-15 g., m. p. 





















[1939] Alcoholic Monomethylamine, etc. Part I. 1451 


149—150°) was dissolved in boiling ethanol (3 ml.), and alcoholic methylamine (0-75 ml.) added. 
The solution immediately became intensely reddish-purple and crystals quickly separated. 
After 3 hours these were filtered off, washed, and dried (0-08 g., m. p. 230—231°). A portion 
was sublimed in a high vacuum at 140—150°. The purple-brown sublimate melted at 230— 
231° alone or in admixture with 3 : 6-bismethylamino-2 : 5-toluquinone prepared from tolu- 
quinone. It also behaved in the same way towards chloroform, n-sodium hydroxide and 
5n-sulphuric acid. 

(VIII) 4-Methoxytoluquinone (5 g., m. p. 172—173°) was dissolved in boiling ethanol 
(250 ml.), and alcoholic methylamine (25 ml.) added. The solution immediately became 
intensely brownish-purple. After 24 hours the purple needles which had separated were 
filtered off, washed with ethanol, and dried (1-6 g., m. p. 269—-270°). The crude material was 
crystallised thrice from ethanol, once from chloroform and once from toluene, giving long cerise 
needles of 2 : 5-bismethylamino-1 : 4-benzoquinone, m. p. 285—286° (decomp.), not depressed on 
admixture with a specimen prepared from benzoquinone (see section I) (Found : C, 57-8; H, 6-2; 
N, 16-7%; OMe, nil). The same product was obtained in the same yield from 4-methoxy- 
toluquinone prepared either from toluquinone (Ashley, J., 1937, 1471) or by the method of Luff, 
Perkin, and Robinson (J., 1910, 97, 1137) and hence the possibility is excluded that the methyl- 
amino-derivative arises from benzoquinone present as an impurity in the starting material. 

The constitution of the methylamino-derivative was fully established as follows: 0-8 g. was 
boiled for 4 minutes with 2n-sodium hydroxide (80 ml.), the solution cooled, acidified, and 
extracted with ether, and the extract dried and evaporated to dryness. The residue was 
sublimed in a high vacuum and the crystalline sublimate (0-25 g.) was recrystallised from toluene, 
giving 0-22 g. of dark orange needles (2: 5-dihydroxy-1 : 4-benzoquinone), which began to 
darken at 170° and became progressively darker and finally black without melting at 300° 
(Found: C, 51-4; H, 3-0; OMe, nil. Calc. for C,H,O,: C, 51-4; H, 29%). The quinone 
gives a deep cherry-red colour with concentrated sulphuric acid, a cerise colour with 2n-sodium 
hydroxide, and a dark reddish-brown colour with ferric chloride in alcohol. The quinone (0-15 g.) 
was shaken with a freshly prepared solution of sodium hyposulphite (3 g.) in water (15 ml.). 
The almost colourless solution quickly: obtained was extracted with ether, the extract dried and 
evaporated to dryness, and the residue (0-13 g.) sublimed in a high vacuum. The colourless 
crystalline sublimate (1 : 2: 4: 5-tetrahydroxybenzene) melted at 232—-233° with some decom- 
position from 200° (Nietzki and Schmidt, Ber., 1888, 21, 2377, give 215—220°) (Found: C, 50-5; 
H, 4-3. Calc. for C,H,O,: C, 50:7; H, 43%). 1:2:4: 6-Tetrahydroxybenzene gives with 
concentrated sulphuric acid a yellow colour quickly changing to emerald-green. With 2n- 
sodium hydroxide it gives a yellow solution quickly changing to olive-green, then brown and 
finally cerise, and a dark reddish-brown colour with ferric chloride in alcohol. 1: 2:4: 5- 
Tetrahydroxybenzene was heated with acetic anhydride and a little concentrated sulphuric acid 
to give 1: 2:4: 5-tetra-acetoxybenzene, which formed colourless prisms from ethanol, m. p. 
226—227°, not depressed on admixture with a specimen prepared from 2 : 5-bisdimethylamino- 
benzoquinone (Mylius, Ber., 1885, 18, 463; Kehrmann, Ber., 1890, 23, 897). Jackson and Beggs 
(J. Amer. Chem. Soc., 1914, 36, 1216) give m. p. 226—227° (Found: C, 54-2; H, 4-6. Calc. for 
Cy,H;,03: CG 54-2; H, 46%). 

(IX) 6-Methoxytoluquinone (Majima and Okazaki, Ber., 1916, 49, 1490; Anslow, Ashley, 
and Raistrick, J., 1938, 439) (1-0 g., m. p. 19—20°) was dissolved in cold ethanol (10 ml.), and 
alcoholic methylamine (5 ml.) added. The solution, which became intensely purple-brown, 
quickly began to deposit crystals. After standing overnight, these were separated by filtration, 
washed, dried (0-2 g.), sublimed in a high vacuum at 140—150°, and crystallised from ethanol. 
The purple-brown crystals had m. p. 230°, alone or in admixture with 3 : 6-bismethylamino- 
2: 5-toluquinone prepared from toluquinone (Found: C, 60-4; H, 6-6; N, 15-4; OMe, nil. 
Calc. for C,H,,0,N,: C, 60-0; H, 6-7; N, 15-6%). 

(X) 3: 6-Dimethoxytoluquinone (Anslow, Ashley, and Raistrick, J., 1938, 439) (0-05 g., 
mh. p. 112°) was dissolved in warm ethanol (2 ml.). To the golden-orange solution was added 
alcoholic methylamine (0-25 ml.); the mixture became deep crimson and almost immediately 
purple-brown irregular leaflets separated (0-04 g., m. p. 230°). After sublimation in a high 
vacuum at 140—150° the purple-brown sublimate melted at 230—231°, alone or in admixture 
with 3: 6-bismethylamino-2 : 5-toluquinone prepared from toluquinone. It also behaved 
the same way towards chloroform, n-sodium hydroxide and 5n-sulphuric acid. : 

(XI) 3: 4Dimethoxytoluquinone (Anslow, Ashley, and Raistrick, Joc. cit.) (2°36 g.) was 
dissolved in ethanol (24 ml.), and alcoholic methylamine (12 ml.) added at room temperature. 
The mixture immediately became dark brown and crystals quickly formed. They were 
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separated after 3 hours (0-92 g., m. p. 227—-228°) and purified for analysis by sublimation in a 
high vacuum at 130° and crystallisation from ethanol. 3: 6-Bismethylamino-4-methoxy-2 : 5- 
toluquinone crystallised in glistening purple-grey plates, m. p. 231° with partial sublimation but 
without obvious decomposition (Found: C, 57-2; H, 6-5; N, 13-0. C, 9H,,O,;N, requires 
C, 57-1; H, 6-7; N, 13-3%). The substance gave a deep purple solution in chloroform but was 
insoluble in 2n-sodium hydroxide, 2N- and 5n-sulphuric acid. 0-5 G. was hydrolysed by 
boiling for 3 minutes with 2n-sulphuric acid (50 ml.); an intensely purple solution was formed 
and quickly changed to brownish-red. On cooling, spinulosin (3 : 6-dihydroxy-4-methoxy-2 : 5- 
toluquinone) (0-36 g.) crystallised; it was identified by its m. p. 201°, alone or in admixture 
with an authentic specimen, by its diacetate, canary-yellow rods from ethanol, m. p. 139-5° 
alone or mixed with an authentic specimen (Birkinshaw and Raistrick, Phil. Trans., 1931, B, 
220, 250), and by analysis (Found : C, 52-1; H, 4-3. Calc. forC,H,O,: C, 52-2; H, 44%). 

(XII) 4 : 6-Dimethoxytoluquinone (Anslow, Ashley, and Raistrick, J., 1938, 439; Aulin and 
Erdtman, Svensk Kem. Tidsk., 1938, 50, 42) (1 g., m. p. 125°) was dissolved in ethanol 
(20 ml.) at 60°, and alcoholic methylamine (5 ml.) added. The solution, which quickly 
became deep blood-red, deposited, on standing overnight, purple-black crystals (0-4 g., 
m. p. 228°), which were sublimed at 140° in a high vacuum. The sublimate crystallised 
from ethanol in glistening steel-grey needles of 2 : 5-bismethylamino-3-methoxy-1 : 4-benzo- 
quinone, m. p. 234° after shrinking from 230°, not depressed on admixture with a specimen 
prepared from 2: 6-dimethoxybenzoquinone (see section IV) (Found: C, 55-2; H, 5-9; 
N, 13-9%). 

The constitution of the methylamino-derivative was established as follows: 0-35 g. was 
boiled for 14 minutes with 5n-sulphuric acid (14 ml.). The hot solution, initially purple and 
quickly becoming reddish-brown, was cooled, diluted with an equal volume of water, and 
extracted with ether. The extract was dried and evaporated to dryness, and the residue 
sublimed in a high vacuum at 100°. The sublimate (0-17 g.) crystallised from toluene in 
coppery leaflets of 2 : 5-dihydroxy-3-methoxy-1 : 4-benzoquinone, which were resublimed, m. p. 
159—160°, alone or in admixture with an authentic specimen kindly supplied by Dr. H. Erdtman. 
This specimen was prepared by Aulin and Erdtman (Svensk Kem. Tidskr., 1937, 49, 214) by a 
method which leaves no doubt as to its orientation (Found: C, 49-4; H, 3-6; OMe, 18-2. 
Calc. for C;,H,O,: C, 49-4; H, 3-6; OMe, 18-3%). It gives colour reactions which are almost 
identical with those given by its toluene homologue, spinulosin—pure blue with cold concen- 
trated sulphuric acid, purple with 2n-sodium hydroxide, and deep rich brown with ferric 
chloride in alcohol. 

2 : 5-Diacetoxy-3-methoxy-1 : 4-benzoquinone was prepared by heating the quinone (0-08 g.) 
for a short time with acetic anhydride (1 ml.) and one drop of concentrated sulphuric acid. 
The cooled mixture was poured into ice-water and the solid separating was collected, dried, and 
sublimed in a high vacuum at 65°. The lemon-yellow prisms (0-05 g.) had m. p. 77°, alone or in 
admixture with a specimen of the diacetate prepared from 2: 5-dihydroxy-3-methoxybenzo- 
quinone supplied by Dr. Erdtman (Found: C, 52-0; H, 4-0; OMe, 12-2. C,,H,,0, requires 
C, 52-0; H, 4:0; OMe, 12-2%). 

(XIII) 3: 4: 6-Trimethoxytoluquinone (for method of preparation, see below) (0-2 g.) was 
dissolved in warm ethanol (2 ml.), and alcoholic methylamine (1 ml.) added. The intensely 
purple-brown solution quickly deposited purple-black crystals (0-19 g.) of 3 : 6-bismethylamino- 
4-methoxy-2 : 5-toluquinone, which were sublimed in a high vacuum at 130° and crystallised 
from ethanol. The dark purple-grey plates had m. p. 230°, alone or in admixture with 3: 6- 
bismethylamino-4-methoxytoluquinone prepared from 3: 4-dimethoxytoluquinone (see 
section XI) (Found: C, 57-2; H, 6-7; N, 13-1%). 

3: 4: 6-Trimethoxy-2 : 5-toluquinone (Dimethyl Ether of Spinulosin).—3 : 6-Dihydroxy-4- 

. methoxytoluquinone (spinulosin; Birkinshaw and Raistrick, Phil. Trans., 1931, B, 220, 245; 
Anslow and Raistrick, Biochem, J., 1938, 32, 803) (0-6 g.) was suspended in ether, and ethereal 
diazomethane added in small amounts until the initial vigorous reaction ceased. The solution 
was evaporated to dryness, the dark red residue (0-65 g.) redissolved in ether, and the solution 
extracted with successive small amounts of py 8-0 buffer solution until no further colour was 
extracted. The extracted ethereal solution on evaporation gave 0-51 g. of deep red needles of 
3: 4: 6-irimethoxytoluquinone, which were sublimed in a high vacuum at 60—70° and crystallised 
from ethanol, forming reddish-orange needles, m. p. 80°, which gave a pure deep blue colour with 
cold concentrated sulphuric acid but no immediate colour with 2n-sodium hydroxide, although 
a purple colour slowly developed on standing. The quinone also gave no marked colour with 
ferric chloride in alcoholic or aqueous solution (Found : C, 56-6; H, 5-6; OMe, 43-7. C,gH,,0, 
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requires C, 56-6; H, 5-7; 30Me, 43-9%). The same trimethyl ether was formed by methylating 
spinulosin with methyl sulphate and potassium carbonate in acetone solution, but the yield 
was small. 

2 : 5-Dihydroxy-3 : 4 : 6-trimethoxytoluene. 3: 4: 6-Trimethoxytoluquinone (0-15 g.), shaken 
with a solution of sodium hyposulphite (4 g.) in water (20 ml.), slowly dissolved to give a colour- 
less solution, which was extracted with ether. The dried extract on evaporation gave a crystalline 
residue, which was sublimed in a high vacuum at 75°, yielding colourless irregular leaflets of 
2 : 5-dihydroxy-3 : 4: 6-irimethoxytoluene. Yield, almost theoretical, m. p. 82—83°. The 
quinol gives with cold concentrated sulphuric acid an immediate bright yellow colour, changing 
after 4 hour to a dark olive-green, with 2N-sodium hydroxide an immediate yellowish-green 
colour, fading to colourless in a few seconds, and with ferric chloride in aqueous or alcoholic 
solution a golden-yellow colour (Found: C, 56-1; H, 6-6; OMe, 43-5. C,,H,,0, requires 
C, 56:1; H, 66; 30Me, 43°5%). 

(XIV) 2-Hydroxy-5-methoxy-1 : 4-benzoquinone (for method of preparation, see below) 
(0-5 g.) was dissolved in boiling ethanol (15 ml.), and methylamine (2-5 ml.) added. The 
mixture, now reddish-purple, was kept at room temperature for 3 hours with occasional shaking. 
The dark purple rods formed (0-32 g.) were separated by filtration and the mother-liquor after 
2 days deposited 0-12 g. of purple-red needles, which, after sublimation in a high vacuum and 
crystallisation from ethanol, formed long cerise needles, m. p. 285—286°, of 2 : 5-bismethyl- 
amino-1 : 4-benzoquinone (see section I). The dark purple rods (0-32 g.) were recrystallised 
from ethanol and the substance, probably 4: 5-bismethylamino-1 : 2-benzoquinone, was thus 
obtained as large, dark purple rods which did not melt below 360° (Found: C, 58-1; H, 6-1; 
N, 16-9; OMe, nil. C,H,,O,N, requires C, 57-8; H, 6-1; N, 169%). The substance was 
readily soluble in water, giving a carmine-coloured solution, but was only slightly soluble in 
chloroform. On hydrolysis with boiling 2n-sodium hydroxide it gave 2: 5-dihydroxy-l : 4- 
benzoquinone, which was identified by its colour reactions and by reduction to 1: 2:4: 5- 
tetrahydroxybenzene; this, on acetylation, gave 1: 2:4: 5-tetra-acetoxybenzene, m. p. 
226—227°, not depressed on admixture with an authentic specimen (see section VIII). 

2-Hydroxy-5-methoxy-1 : 4-benzoquinone. 1: 2: 4-Triacetoxy-5-methoxybenzene (5 g.), pre- 
pared by a Thiele-Winter acetylation of methoxybenzoquinone (Erdtman, Proc. Roy. Soc., 
1938, A, 148, 186), was boiled for } hour in an atmosphere of nitrogen with 37-5 ml. of a mixture of 
methanol (60 ml.) and concentrated sulphuric acid (2 ml.). Water was added, and the methanol 
removed by distillation in a vacuum. The quinol (2-56 g.) was extracted with ether. The 
crude quinol (1-1 g.) was dissolved in 110 ml. of pg 8-0 buffer solution (m-potassium dihydrogen 
phosphate, 50 ml.; N-sodium hydroxide, 46-8 ml.; water to 100 ml.) and aerated vigorously 
fer 10 minutes. The intensely blood-red solution was acidified with concentrated hydrochloric 
acid (16-5 ml.). 2-Hydroxy-5-methoxybenzoquinone quickly crystallised (0-60 g.); a further 
0-45 g. of slightly impure quinone was obtained by ether extraction of the filtrate. It formed 
large, orange-brown, rectangular leaflets from ethanol, m. p. 179° (decomp.) after darkening and 
softening from 171° (Found: C, 54-5; H, 4:0; OMe, 20-05. C,H,O, requires C, 54:5; H, 3-9; 
QMe, 20-1%). The quinone sublimes readily in a high vacuum at 100°. It gives a dull red 
colour with cold concentrated sulphuric acid, a dull red colour, changing to cerise, with 2n- 
sodium hydroxide, and a deep reddish-brown colour in ethanol with aqueous ferric chloride. 

1: 2: 4-Trihydroxy-5-methoxybenzene. The above quinone (0-15 g.), shaken with a solution 
of sodium hyposulphite (1-5 g.) in water (7-5 ml.), quickly dissolved to give an almost colourless 
solution, which was extracted with ether. On removal of the solvent a colourless oil, which 
rapidly crystallised, was obtained; it sublimed in a high vacuum at 100° in colourless feathery 
needles (yield, almost theoretical), m. p. 133° (Found: C, 53-9; H, 5-2; OMe, 19-6. C,H,O, 
requires C, 53-8; H, 5-2; OMe, 19-9%). This guinol gives with cold concentrated sulphuric 
acid a yellow colour, quickly changing to apple-green and finally to dark olive-green, with 2n- 
sodium hydroxide a green colour, changing through blue to brown and finally to dull red, and 
with aqueous ferric chloride in ethanol a deep reddish-brown colour. 

2-A cetoxy-5-methoxybenzoquinone. 2-Hydroxy-5-methoxybenzoquinone does not appear 
to undergo the usual Thiele—Winter reaction. The quinone (0-2 g.) was added to 2 ml. of a 
mixture of acetic anhydride (20 ml.) and concentrated sulphuric acid (1 ml.). The orange 
solution changed to yellow in a few minutes and was poured into ice-water after 3 hours. The 
lemon-yellow needles separating (0-04 g.) were sublimed in a high vacuum at 90—100°; a 
further small quantity was obtained by ether extraction of the acetylation filtrate. The 
lemon-yellow rectangular plates had m. p. 124° (Found: C, 55-2; H, 4-1; OMe, 15-8. C,H,O, 
requires C, 55-1; H, 4-1; OMe, 15-8%). 
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(XV) 5-Hydroxy-2 : 3-dimethoxybenzoquinone (for method of preparation, see below) 
(0-4 g.) was dissolved in cold ethanol (4 ml.), and methylamine (2 ml.) added. The colour 
immediately changed from orange-red to purple-red and dark purple, feathery needles quickly 
formed. These were separated after 3 hours, washed with ethanol, and dried (0-39 g.); m. p. 
228—230° (decomp.) (Found: C, 50-5; H, 6-6; N, 13-1; OMe, 15:2. C,H,O,N,NH,Me 
requires C, 50-4; H, 6-6; N, 13-1; OMe, 14-5%). The substance, which is the monomethyl- 
amine salt of 2-methylamino-5-hydroxy-3-methoxy-1 : 4-benzoquinone, is insoluble in chloroform, 
but is readily soluble in water. On hydrolysis with boiling 5n-sulphuric acid it gave in good 
yield 2 : 6-dihydroxy-3-methoxybenzoquinone, which was identified by its colour reactions and 
m. p. 160—161°, not depressed on admixture with an authentic specimen (see section XII). 

The methylamine salt (0-107 g.; 1/2000 g.-mol.) was dissolved in water (5 ml.) and to the 
clear, intensely purple (permanganate) solution n/10-hydrochloric acid (5 ml.) was added. 
2-Methylamino-5-hydroxy-3-methoxybenzoquinone (0-08 g.) immediately separated in purple- 
black hexagonal plates, m. p. 179° (decomp.), which were readily soluble in chloroform and 
n/10-sodium hydroxide, giving a purple solution in each case, and gave an olive-brown colour 
with ferric chloride in ethanol (Found: N, 7:65. C,H,O,N requires N, 7-65%). 

5-Hydroxy-2 : 3-dimethoxy-1 : 4-benzoquinone. 2: 3-Dimethoxyquinol (4-9 g.), prepared by 
the decarboxylation of 2: 5-dihydroxy-3 : 4-dimethoxybenzoic acid (Baker and Savage, J., 
1938, 1604), was dissolved in water (225 ml.), and the theoretical volume of m/6-ferric chloride 
quickly added. The resulting orange-red solution was extracted twice with an equal volume of 
chloroform. On removal of the solvent from the dried solution 2 : 3-dimethoxybenzoquinone 
(3-85 g.) remained as a reddish oil which quickly crystallised. This was dissolved in 20 ml. of a 
mixture of acetic anhydride (100 ml.) and concentrated sulphuric acid (5 ml.) and after 3 days 
was poured into ice-water. The oil which separated soon crystallised. The light brown 
crystals were dried and washed with anhydrous ether (25 ml.), giving 4-5 g. of 1 : 4: 5-triacetoxy- 
2 : 3-dimethoxybenzene in colourless crystals, m. p. 95—97° (Erdtman, Proc. Roy. Soc., 1933, A, 
143, 187, gives 96—97°). The triacetate (1 g.) was boiled for ? hour in an atmosphere of nitrogen 
with 10 ml. of a mixture of methanol (60 ml.) and concentrated sulphuric acid (2 ml.). After 
removal of the solvent the crude quinol obtained by ether extraction of the hydrolysis solution 
was dissolved in 50 ml. of py 8-0 buffer solution and vigorously aerated for } hour. The resulting 
intensely purple-red solution was acidified with concentrated hydrochloric acid (7-5 ml.) and 
extracted with ether. On removal of the solvent 5-hydroxy-2 : 3-dimethoxybenzoquinone 
(0-42 g.) remained as an orange solid, which was sublimed in a high vacuum at 85° and crystallised 
from light petroleum (b. p. 60—80°), forming long reddish-orange rods, m. p. 125—126° after 
softening from 115° (Found: C, 52-1; H, 4:3; OMe, 33-5. C,H,O, requires C, 52-2; H, 4-4; 
20Me, 33-7%). The quinone gives an intense pure blue colour with cold concentrated sulphuric 
acid, a magenta colour, changing after 5 minutes to a stable purple, with 2n-sodium hydroxide, 
and an intense reddish-brown colour with aqueous ferric chloride in alcoholic solution. 

1: 4: 5-Trihydroxy-2 : 3-dimethoxybenzene. 5-Hydroxy-2 : 3-dimethoxybenzoquinone (0-1 g.) 
was reduced with sodium hyposulphite (1 g. in 5 ml. of water). After extraction with ether and 
removal of the solvent the crystalline residue was sublimed in a high vacuum at 110°, giving 
1:4: 5-twihydroxy-2 : 3-dimethoxybenzene (0-09 g.) in colourless needles, m. p. 157—158° (Found : 
C, 51-7; H, 5-4; OMe, 33-0. C,H,,0O, requires C, 51-6; H, 5-4; 20Me, 33-35%). The 
substance gives with cold concentrated sulphuric acid a canary-yellow colour, quickly changing 
through yellowish-green to emerald-green, with 2N-sodium hydroxide an emerald-green, changing 
through greenish-brown to cerise, and with aqueous ferric chloride in ethanol an intense reddish- 
brown (iodine) colour. 

(XVI) 2: 5-Dihydroxy-3-methoxy-1 : 4-benzoquinone (Aulin and Erdtman, Svensk Kem. 
Tidskr., 1937, 49, 214; Anslow and Raistrick, section XII) (0-3 g.) was dissolved in ethanol 
(5 ml.) and to the cool solution methylamine (1-5 ml.) was added. There was an immediate 
precipitation of a violet micro-crystalline product, which was separated, washed, and dried 
(0-36 g.); m. p. 214° (decomp.) (Found: C, 45-6; H, 7-1; N, 11-9. C;H,O;,2NH,Me requires 
C, 46-5; H, 7-0; N, 12-1%). The product is readily soluble i in water, giving a violet solution, 
but is insoluble in chloroform. That the product is the bismethylamine salt of 2 : 5-dihydroxy-3- 
methoxybenzoquinone is shown by the fact, that it dissolves in cold n-sulphuric acid to give a 
reddish-brown solution, from which ether extracts an almost quantitative yield of 2 : 5-dihydroxy- 
3-methoxybenzoquinone. 

(XVII) 3-Hydroxy-4-methoxy-2 : 5-toluquinone, i.e., fumigatin, a metabolic product of 
Aspergillus fumigatus Fresenius (Anslow and Raistrick, Biochem. J., 1938, 32, 687) (0-3 g.) was 
dissolved in cold ethanol (3 ml.), and alcoholic methylamine (1-5 ml.) added. The solution 
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immediately became intensely purple and after 4 hours the purple-brown needles (0-13 g.) 
separating were filtered off, dried, and sublimed in a high vacuum at 120°. The sublimate 
(0-09 g.) crystallised from ethanol in coppery-purple leaflets of 6-methylamino-3-hydroxy-4- 
methoxy-2 : 5-toluquinone, m. p. 213—214° (Found: C, 54:7; H, 5-7; N, 6-7. C,H,,0O,N requires 
C, 54-8; H, 5-6; N, 7-1%). The substance gives a deep purple solution in chloroform. It is 
not decomposed or dissolved by cold 2n-sulphuric acid and is almost insoluble in cold 5n- 
sulphuric acid. It is readily soluble in cold n/10-sodium hydroxide, giving a deep violet solution. 
An alcoholic solution gives with aqueous ferric chloride an intense olive-green colour (cf. 
3-methylamino-6-hydroxy-4-methoxy-2 : 5-toluquinone, section XXII). It is readily hydro- 
lysed by boiling for 1 minute with 2n-sulphuric acid to give in good yield spinulosin (3 : 6-dihy- 
droxy-4-methoxy-2 : 5-toluquinone), which was identified by its m. p., 201°, not depressed 
on admixture with an authentic specimen, and by its colour reactions. 

(XVIII) 6-Hydroxy-4-methoxy-2 : 5-toluquinone (Konya, Monatsh., 1900, 21, 422; Pollak 
and Solomonica, ibid., 1901, 22, 1008; Anslow, Ashley, and Raistrick, J., 1938, 439) (1-25 g., 
m. p. 203—-204°) was dissolved in boiling ethanol (60 ml.), the solution cooled to 35° without 
shaking, and alcoholic methylamine (6 ml.) added. The solution became intensely purple and 
the purple-black crystals separating were filtered off overnight, washed, and dried (0-6 g., m. p. 
214—215°). The substance could be crystallised from ethanol or toluene but was most con- 
veniently purified as follows: 0-1 g. was dissolved in cold n-sulphuric acid (30 ml.), in which it 
was readily soluble, giving an intense blue-violet solution. This was filtered and n-sodium 
hydroxide (30-3 ml.) was added to the filtrate. Long olive-green rods separated, m. p. 228°. 
The m. p. of a mixture with the bismethylamino-derivative from 3 : 4-dimethoxytoluquinone, 
m. p. 231° (see section XI), was 219° (Found for air-dried material: C, 52-7; H, 7-3; N, 12-5. 
C,9H,,0,;N,,H,O requires C, 52-6; H, 7-1; N, 12-3%. Found for material dried at 100° ina 
vacuum: C, 56-9; H, 69; N, 13-0. C, .H,,0O,N, requires C, 57-1; H, 6-7; N, 13-3%). The 
substance recrystallised from toluene or chloroform also contains some water of crystallisation. 
It dissolves in chloroform to give a pure blue solution and is readily soluble in cold n/10-sulphuric 
acid, giving a deep blue-violet solution. It is insoluble in cold 2n-sodium hydroxide. On 
hydrolysis with boiling 10N-sulphuric acid it gives spinulosin in good yield (Anslow and Raistrick, 
Biochem. J., 1938, 32, 803). This methylamino-derivative is probably 5 : 6-bismethylamino-4- 
methoxy-2 : 3-toluquinone (see p. 1449). 

(XIX) 6-Hydroxy-3-methoxy-2: 5-toluquinone (for method of preparation, see below) 
(0-2 g.) was dissolved in warm ethanol (4 ml.), and alcoholic methylamine (1 ml.) added. The 
solution, which immediately became intensely purple, quickly deposited small purple-brown 
needles (0-2 g.) of 3-methylamino-6-hydroxy-2 : 5-toluquinone. The substance, sublimed in a 
high vacuum at 100—110°, formed a dark purple-red, micro-crystalline sublimate, which began 
to fume from 220° and melted at 252—254° (Found: C, 57-7; H, 5-2; N, 8-1; OMe, nil. 
C,H,O,N requires C, 57-5; H, 5-4; N, 8-4%). The substance is almost insoluble in cold chloro- 
form and in water. It is readily soluble in cold 2N-sulphuric acid, giving a crimson solution, and 
in cold n-sodium hydroxide, giving a purple-red solution. With aqueous ferric chloride in 
ethanol it gives an intense purple-brown colour. On hydrolysis with boiling 2n-sodium 
hydroxide it gives 3 : 6-dihydroxy-2 : 5-toluquinone (Fichter, A nnalen, 1908, 361, 400), identified 
by its m. p. 184° alone or in admixture with an authentic specimen, and by its colour reactions, 
i.¢., a purple colour with cold concentrated sulphuric acid or 2n-sodium hydroxide and a dark 
brown colour with ferric chloride in ethanol. 

6-Hydroxy-3-methoxytoluquinone. 3-Methoxy-2 : 5-toluquinone (Henrich and Nachtigall, 
Ber., 1903, 36, 899) (3-09 g.) was dissolved with occasional shaking in 30 ml. of a mixture of 
acetic anhydride (38 ml.) and concentrated sulphuric acid (2 ml.). The solution, initially blood- 
red, finally became pale orange anc after 14 hours co‘ourless crystals began to separate. After 
standing overnight, the crystals werc separated, washed with acetic anhydride, and dried 
(3-92’g.). The filtrate and washings were poured into ice-water ; a further 1-42 g. then separated. 
This crude 2 : 5 : 6-tviacetoxy-3-metho:ytoluene crystallised from aqueous methanol in colourless 
hexagonal plates, m. p. 155° (Found: C, 56-7; H, 5-5; OMe, 10-8. C,,H,,O, requires C, 56-7; 
H, 5-5; OMe, 10-5%). 

The triacetate (2 g.) was refluxed for # hour with methanol (15 ml.) and concentrated sulphuric 
acid (0-5 ml.) in an atmosphere of nitrogen. Water was added, and the methanol removed by 
distillation in a vacuum. The quinol resulting from the hydrolysis was extracted with ether, 
the ether removed, and the crude quinol dissolved in 200 ml. of pg 8-0 buffer solution (for com- 
position see Section XIV). .The solution, which quickly became deep purple, was aerated 
vigorously for 2 hours, filtered, and acidified with concentrated hydrochloric acid. 6-Hydroxy~ 
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3-methoxytoluquinone separated in practically pure condition in orange-yellow needles (0-83 g.) 
and a further 0-12 g. was obtained from the filtrate by extraction with ether. It formed lustrous 
golden-yellow needles from light petroleum (b. p. 60—80°), m. p. 155—156° (Found: C, 56-9; 
H, 4-8; OMe, 18-4. C,H,O, requires C, 57-1; H, 4:8; OMe, 185%). The quinone gives a 
reddish-violet colour with cold concentrated sulphuric acid, a deep crimson colour immediately 
with 2n-sodium hydroxide, which changes quickly to a reddish-violet, and a purple colour in 
ethanol with aqueous ferric chloride. On methylation by the method given by Anslow, Ashley, 
and Raistrick (J., 1938, 439) for the methylation of 3 : 6-dihydroxytoluquinone, 6-hydroxy-3- 
methoxytoluquinone gives 3 : 6-dimethoxytoluquinone. The crude methylated 6-hydroxy-3- 
methoxytoluquinone was purified by shaking its ethereal solution with p, 8-0 buffer solution to 
remove partly methylated material and sublimation in a high vacuum at 85° of the crystalline 
residue obtained on evaporation of the ether. Prepared in this way, 3 : 6-dimethoxytoluquinone 
melted at 112° (Anslow, Ashley, and Raistrick, Joc. cit., give 104—105°) and did not depress the 
m. p. of a specimen made from 3 : 6-dihydroxytoluquinone. 

2:5: 6-Trihydvoxy-3-methoxytoluene. 6-Hydroxy-3-methoxytoluquinone (0-2 g.), shaken 
with a solution of sodium hyposulphite (2 g.) in water (10 ml.), dissolved almost immediately, 
giving a colourless solution, which was extracted with ether. The residue from the dried 
extract crystallised and was sublimed in a high vacuum at 90°, yielding colourless irregular 
prisms, m. p. 102—103°, which rapidly darkened in air to a brown and later to a purple colour 
(Found : C, 56-5; H, 5-8; OMe, 18-3. C,H,,O, requires C, 56-5; H, 5-9; OMe, 18-2%). The 
quinol gives with cold concentrated sulphuric acid first an orange-yellow colour, which rapidly 
becomes apple-green, and after } hour a dark emerald-green, with 2nN-sodium hydroxide a deep 
purple colour, and with ferric chloride in aqueous or alcoholic solution an olive-brown colour 
which changes with excess of ferric chloride to purple. 

6-A cetoxy-3-methoxytoluquinone. 6-Hydroxy-3-methoxytoluquinone does not appear to 
undergo the usual Thiele~Winter reaction. Instead, the hydroxy-group is acetylated and 
6-acetoxy-3-methoxytoluquinone is formed. 6-Hydroxy-3-methoxytoluquinone (0-1 g.) was 
dissolved in 1 ml. of a mixture of acetic anhydride (19 ml.) and concentrated sulphuric acid 
(1 ml.), kept for 2 days, and poured into ice-water. There was a quick separation of 
yellow needles (0-06 g.), which were sublimed in a high vacuum at 90°, giving yellow prisms, 
m. p. 109° (Found: C, 57-2; H, 4:7; OMe, 14:8. (CC, 9H,,O,; requires C, 57-1; H, 4:8; OMe, 
14:8%) 

(XX) 4-Hydroxy-6-methoxy-2 : 5-toluquinone (Anslow, Ashley, and Raistrick, loc. cit.) 
(0-2 g.) was dissolved in cold ethanol (8 ml.), and alcoholic methylamine (1 ml.) added. The 
solution immediately became reddish-purple, but no solid separated even after 4 days. The 
solution was evaporated to dryness over concentrated sulphuric acid in a vacuum desiccator 
and gave a brownish-black varnish, very soluble in alcohol, from which nothing crystalline could 
be isolated. 

(XXI) 3: 6-Dihydroxy-4-methoxy-2 : 5-toluquinone, i.e., spinulosin (Birkinshaw and Rais- 
trick, Phil. Trans., 1931, B, 220, 245; Anslow and Raistrick, Biochem. J., 1938, 32, 803) (0-1 g.) 
was dissolved in boiling ethanol (2 mi.), and alcoholic methylamine (0-5 ml.) added. A violet 
product immediately separated. A further 0-5 ml. of methylamine solution was added, and the 
mixture kept at room temperature for several days. No further change was observed. The 
violet product—the bismethylamine salt of spinulosin was separated, washed with ethanol, and 
dried; m. p. 173° after decomposition from 164°; yield, 0-13 g. (Found: C, 48-8; H, 7-4; N, 
10-8. C,H,O,;,2NH,Me requires C, 48-8; H, 7-4; N, 11-4%). It was insoluble in chloroform, 
but readily soluble in cold water to give a clear violet solution, and was immediately decomposed 
by cold 2n-sulphuric acid with the formation of spinulosin. 

(XXII) 6-Hydroxy-3 : 4-dimethoxytoluquinone (for method of preparation, see below) 
(0-2 g.) was dissolved in ethanol (2 ml.), and alcoholic methylamine (1 ml.) added. The intensely 
purple solution quickly deposited purple-black plates, which were filtered off, washed, and dried 
(0-19 g.). The substance was sublimed in a high vacuum at 90—100° and crystallised first from 
ethanol and then from toluene, giving purple-black rectangular plates of 3-methylamino-6- 
hydroxy-4-methoxy-2 : 5-toluquinone, m. p. 212—213°, depressed by 10—15° on admixture with 
6-methylamino-3-hydroxy-4-methoxy-2 : 5-toluquinone (see section XVII) (Found: C, 55-2; 
H, 5-8; N, 7-6; OMe, 15-9. C,H,,0,N requires C, 54:8; H, 5-6; N, 7-1; OMe, 15-7%). The 
substance gives a purple (permanganate) solution in chloroform. It is readily soluble in cold 
n/10-sodium hydroxide to give a deep violet solution, and an alcoholic solution gives an intense 
olive-green colour with aqueous ferric chloride. It is not decomposed or dissolved by cold 
2n-sulphuric acid and is almost insoluble in cold 5n-sulphuric acid. Hydrolysis for 3—4 
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minutes with boiling 2N-sulphuric acid gives, in good yield, spinulosin, identified by its m. p. 
201°, alone or in admixture with an authentic specimen, and by its colour reactions. 

6-Hydroxy-3 : 4-dimethoxy-2 : 5-toluquinone. Crude 3: 4-dimethoxytoluquinone (2-76 g. 
from 8-55 g. of 5-aminohomoveratrole; Anslow, Ashley, and Raistrick, J., 1938, 441) was added 
to 10 ml. of a mixture of acetic anhydride (100 ml.) and concentrated sulphuric acid (5 ml.). 
After 24 hours it was poured into ice and water; the oil obtained did not crystallise. It*was 
washed with water and dissolved in ether, the solution dried, and the solvent removed, giving 
an uncrystallisable oil (3-4 g.). (In a second experiment with pure 3 : 4-dimethoxytoluquinone, 
the acetylation product was sublimed in a high vacuum at 120° as a colourless oil which could not 
be obtained crystalline.) The crude acetylation product was refluxed for # hour with 20 ml. 
of a mixture of methanol (60 ml.) and concentrated sulphuric acid (2 ml.) in an atmosphere of 
nitrogen. Water was added, and the methanol removed ina vacuum. The resulting 2: 5: 6- 
trihydroxy-3 : 4-dimethoxytoluene was extracted with ether, the solvent removed, and the 
residual crude phenol dissolved in 200 ml. of pg 8-0 buffer solution. This solution, vigorously 
aerated for 14 hours, quickly became deep purple. It was filtered, acidified with concentrated 
hydrochloric acid, and extracted withether. On removal of the solvent the crude quinone (1-65 g.) 
quickly crystallised. After sublimation in a high vacuum at 65—70° and crystallisation from 
light petroleum (b. p. 60—80°) 6-hydvoxy-3 : 4-dimethoxytoluquinone formed sheaves of tomato- 
red needles, m. p. 105°. It gives a blue-green colour with concentrated sulphuric acid, a purple 
colour with 2n-sodium hydroxide which fades on standing, and a brownish-purple colour with 
ferric chloride in ethanol (Found: C, 54-4; H, 5:2; OMe, 31-4. C,H,,O,; requires C, 54-5; 
H, 5-1; 20Me, 31-3%). 

2:5: 6-Trihydroxy-3 : 4-dimethoxytoluene. The above quinone (0-2 g.), shaken with a 
solution of sodium hyposulphite (2 g.) in water (10 ml.), quickly dissolved to give an almost 
colourless solution, which was extracted with ether. On removal of the solvent an oil (0-2 g.), 
which quickly crystallised, was obtained; on sublimation in a high vacuum at 80—85° it gave 
colourless prisms, m. p. 110—111°. The guinol gives a golden-yellow colour, changing on 
standing to deep emerald-green, with concentrated sulphuric acid, a transitory olive-green 
colour, becoming finally intense purple, with 2N-sodium hydroxide, and a brownish-purple colour 
with ferric chloride in water or ethanol (Found : C, 54-1; H, 6-1; OMe, 31-1. C,H,,0O, requires 
C, 54-0; H, 6-0; 20Me, 31-0%). 


We are indebted to Professor Sir Robert Robinson, F.R.S., for valued advice in connection 
with the theoretical part of this communication and to Dr. Wilson Baker, Dyson Perrins 
Laboratory, Oxford, for a specimen of 2: 5-dihydroxy-3 : 4-dimethoxybenzoic acid. 


Tue DIvIsSION OF BIOCHEMISTRY, LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. [Received, July 27th, 1939.] 





310. The Phototropy of Anils, and a Note on the Phototropy of Solutions 
of the Leuco-cyanides of Malachite- and Brilliant-greens. 


By V. DE Gaouck and R. J. W. LE FEvre. 


(A) Phototropy among anils appears to occur only in the solid state; in solution, 
no such changes of colour or other properties can be produced by illumination. The 
nature and position of substituent groups strongly influence the phototropic process. 
Previous explanations for this phenomenon are mentioned, and a new one advanced 
depending upon intermolecular resonance in the crystal lattice. 

(B) The phototropic changes described in the literature for the leuco-cyanides 
named above have been confirmed when alcohol is the solvent. In benzene solution, 
however, no phototropy has been found. 

The dipole moments of the two leuco-cyanides and the leuco-base of malachite-green 
have been determined. The values obtained illustrate the facilitation of mesomerism 
by the R,N group. 


OF more than 300 known anils, only 25 have been reported to show phototropy (i.e., 
a colour change caused and maintained by light of certain wave-lengths, decaying in dark- 
ness, and being reversed by exposure to light of other wave-lengths), and of these, 18 
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are derivatives of salicylaldehyde, and 3 of -hydroxybenzaldehyde. Regarding photo- 
tropy in general, no satisfactory explanation of wide applicability has yet been given. 
Polymorphism (Stobbe, Amunalen, 1899, 305, 171), the formation of stereo- or other iso- 
merides (Senier and Shepheard, J., 1909, 95, 441), the existence of molecular aggregates 
which, in the solid state, are affected by isomeric changes (Senier, Shepheard, and Clark, 
J., 1912, 101, 1950), polymerisation in the chemical sense (Padoa and Zazzaroni, At R. 
Accad. Lincei, 1915, 24, 828), and intramolecular changes involving hydrogen atoms 
(Chattaway, J., 1906, 89, 462) have all been held to be responsible for different classes 
of phototroptic substances. 

By restricting the present work to anils, it was hoped to limit these possibilities. Our 
first experiments were designed to ascertain whether the changes are intra- or inter- 
molecular. To this end, a careful search has been made for any trace of phototropy in 
solution, because the separating action of the solvent molecules on those of the solute 
should not greatly affect an intramolecular mechanism (provided the solvent does not 
absorb light of the phototropically active wave-length; see later) but would presumably 
extinguish any effects depending upon inter-molecular relationships. 

Various anils—such as salicylidene-m-toluidine, which is one of the most phototropic 
of this class—have been studied in benzene, carbon tetrachloride, and chloroform solutions, 
spectrophotometrically and dielectrically. The following types of experiment have been 
performed. 

(1) A solid sample was illuminated in the light from a mercury arc, and when its 
colour was fully developed, it was immediately dissolved in a solvent and examined for any 
change in absorption with time (certain of these observations were kindly made by Dr. 
G. S. Hartley with his audio-photometer; others were made by us with a Hilger “‘ Spekker 
photoelectric absorptiometer’’). In no case was any change noted, a conclusion that was 
not unexpected since we had previously found that absorption spectra (in absolute-alcoholic 
solution) of a number of yellow and red solid modifications of anils had become identical 
within the minimum time necessary for making up the solutions and exposing them 
in the spectrometer (7.¢., less than 1 minute). Curves in which log,,¢ is plotted against 
wave-length are given on p. 1461. A point of interest is that, by Goodeve and Kitchener’s 
technique (Trans. Faraday Soc., 1937, 34, 190), the light reflected at 45° from a surface 
of salicylidene-m-toluidine has been examined spectroscopically. No notable differences 
between the limits 2000—4000 A were seen whether the yellow solid modification, the 
alcoholic solution prepared from it, or the exposed material was used. The reflection 
spectra of both solid varieties have strong bands at about 4050 and 5000 A, the latter being 
slightly widened with the darkened form. 

(2) The experiments described above were repeated with solutions which were strongly 
illuminated by a mercury arc immediately before examination; again, no change was 
detected, showing that, if phototropy were occurring under these conditions, it decayed 
within a second or two. 

(3) Various solutions were placed in a parallel plate condenser, between the plates of 
which a condensed beam of light from a carbon arc could be passed This condenser was 
part of the circuit of a dynatron oscillator (see Experimental) and any change in its capacity 
would have caused a corresponding change of the frequency generated. If light were 
able to modify the solute molecules, such a capacity alteration on illumination of one or 
other of the solutions would have been likely, but this was never detected. 

From these observations, therefore, we conclude that the phototropism of anils is a 
reaction which occurs only in the solid state and, being suppressed by the presence of a 
solvent (i.e., a reversal of normal behaviour), must depend either upon some mutual 
molecular action or upon some alteration of the molecular arrangement in the crystal 
lattices. 

Information on these possibilities was made accessible by the observation that the 
yellow forms of several of the phototropic anils were not darkened by X-rays; especially 
was this true of the most phototropic of all, viz., salicylidene-m-toluidine. The two modifi- 
cations of this substance were therefore examined by X-rays. Single-crystal and powder 
photographs of a yellow preparation of this substance were taken first, then—without 
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otherwise disturbing the samples—darkening was effected by exposure to daylight, and 
finally, second X-ray photographs were taken. The corresponding films in both cases 
were identical. 

Microphotographs of the same compound under analogous conditions similarly display 
no differences between the illuminated and the non-illuminated forms. Accordingly, 
since, except for the colour no other crystallographical property seems to be changed by 
light, it is concluded that the phototropic mechanism must consist in a mutual interaction 
of molecules in the lattice, and not in some rearrangement undergone by them therein. 

A picture of such a mutual interaction would appear to be provided if, in the crystalline 
condition, the dispositions of the anil molecules in their lattices were such that the 
hydroxyl hydrogen of one molecule came near to the nitrogen atom of another. The whole 
solid could then be formulated as a hybrid between the states represented by (A) and (B), 
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in which the formule are to be imagined situated in parallel planes, one over the other. 
The extreme form of the anil molecule contained in (A) would presumably correspond to 
a colourless substance, since o-methoxybenzylidene-m-toluidine is itself colourless, whilst 
the form in (B)—o-quinonoid in structure—would be red to yellow. Illumination of the 
real form—intermediate between (A) and (B)—with light of suitable wave-length should 
cause activation, i.e., the structure will become more like (A) or (B), a modification made 
manifest by alteration of colour but accompanied by no crystallographic change. The 
direction of this can be forecast by noting that the two characteristic units of structure in 
(A) and (B), viz., OH*C:C-CH:N and NH-CH:C-C:0, differ in their energies (calculated from 
a table of heats of formation of covalent links; cf. Gooding and Sugden, private communi- 
cation), the second being some 15 kg.-cals. per g.-mol. greater. Photoactivation of the solid 
anils will therefore correspond to an increase in the contribution which type (B) makes to 
the real form. 

As mentioned on p. 1458, certain -hydroxybenzylideneanils have been reported to be 
phototropic (Senier and Shepheard, Joc. cit.; Senier and Foster, J., 1914, 105, 2462; 1915, 
107, 452) and an analogous theory mutatis mutandis could obviously be stated for them. 
However, since we have made preparations of p-hydroxybenzylideneanils and o-anisidine 
which are not phototropic, the point will be further investigated. 

The Influence of Substituents upon Phototropy.—A phenomenon occurring by the above 
mechanism should be influenced by factors tending to modify the hydrogen bond resonance. 
For instance, it would be expected : (1) that phototropic o- or p-hydroxyanils should lose 
this property if the hydroxylic hydrogen is blocked by methylation, and this is found to 
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be so, for methylation entirely destroys phototropy; (2) the electrical influences of radicals 
substituted in the aryl nuclei should have considerable effect upon the phototropy. In 
the present work we have prepared examples, among others, of the following types of 
anils : 


(a) where X = CH,, Cl, Br, NO,; Y = H. 
x (b) where X = H; 4.Y = H, CH,, Cl, Br, NO,. 
(c) where X = CH,; 4-Y = NO,. 
(d) where X = NO,; 4-Y = CH. 
(e) where X = H; 2-Y or 3-Y = CH,. 


OH 


At the outset it was planned to attempt to arrange these substances in a quantitative 
order with regard to their phototropism. The lighter-coloured forms were made into a 
paste with alcohol, smeared on to matt glass plates, and allowed to dry, in a dark-room. 
They were then exposed, leaving a masked section, at equal distances from a mercury- 
vapour lamp, and the time noted at which an impression of the mask upon the plate became 
definite. Salicylidene-m-toluidine underwent change most rapidly and was therefore 
adopted as a standard in these comparisons (accordingly, the 6 values in the following 
text are, for a given anil, the time for definite darkening divided by the same time for 
salicylidene-m-toluidine). 

Only three of these anils proved to be phototropic; nevertheless from these results 
certain general deductions can be drawn: (a) if X is any group other than hydrogen, 
phototropism does not occur; the electrical specification of X seems to be irrelevant— 
it may be either + J or + 1+ 17; (6) the influence of Y upon the phototropic process 
is very marked, for although salicylidene-m-toluidine, -aniline, and -p-bromoaniline gave 
6 values in the ratios 1: 2:3, yet salicylidene-o- and -p-toluidines and -f-chloroaniline 
underwent no apparent colour changes. 

These data bear no relation to any known order of action of the radicals involved, but 
this does not necessarily render invalid the picture of phototropy given above, since this 
requires that the substituents must neither reduce the electron density on the nitrogen 
atoms so that the tendency to “‘ co-ordinate ’’ a hydrogen atom is excessively repressed, nor 
facilitate this process so much that the real state of the compound is nearly that represented 
by a (B)-like structure. It is possible that the packing properties of these molecules are 
highly sensitive to the steric demands of substituents—perhaps more so than to their 
polarisations and polarisabilities (e.g., the two crystalline modifications—plates and needles 
—of disalicylidene-m-phenylenediamine differ in their phototropic properties; Senier, 
Shepheard, and Clarke, loc. cit.)\—so that in some of the lattices the -OH and N- groups 
of different molecules may not be close enough together. 

Finally, it must be noticed that the results of such comparisons are dependent in 
some cases upon the light used. Salicylideneaniline, for instance, shows little colour 
development in sunlight, but if the light is first passed through a blue filter, a strong 
colour change—from light yellow to reddish-brown—is induced in the anil, which is thus 
evidently very sensitive to the reversing action of the longer waves, 


EXPERIMENTAL. 


Materials.—The anils were prepared by direct condensations between the appropriate 
aldehydes and primary amines. In most cases excellent preparations were secured by cooling 
an alcoholic solution saturated at about 30° to — 20°; after filtration, washing, and drying 
in a darkened room, the solids were stored in brown glass bottles. The solvents were purified 
as for dielectric-constant work (see Le Févre and Le Févre, J., 1935, 957). 

Absorption Spectra.—These were obtained in the regions 2000—4500a for various anils 
in absolute alcohol by using a Hilger quartz spectrograph, a Spekker photometer, and Ilford 
Super Rapid Panchromatic plates. They are shown in Figs. 1—4, which represent log, ¢ 
plotted against wave-length (the extinction coefficient ¢ being defined by logjg9//I = acl, where 
c is the concentration in g.-mols./l., and / is in cm.). 

The spectra show similarities of form, with two maxima of varying intensities in most cases 
around 2500—3000 A and 3500—4000 A. The nitro-anils and o-methoxybenzylideneaniline are 
rather different, the latter giving no indications of absorption in the shorter ultra-violet whereas 





[1939] The Phototropy of Anils, etc. 1461 


the others all show sharp rises at 2500—3000 A. The steep right-hand parts of the curves 
correspond to the threshold of absorption noted for the solid forms in the next paragraph. 

Absorption Spectrum of Solid Salicylidene-m-toluidine.—A paste of dilute alcohol and the 
finely ground anil was pressed into a wooden container, and set aside to dry in the dark. When 
hard, the surface was gently scraped to a matt finish. It was illuminated by light from 
a hydrogen discharge tube (continuous in the ultra-violet) impinging at 45°. The reflected 
light entered the slit of a large-aperture quartz Raman spectrograph (Hilger, E 420), where 
it was photographed on Ilford Special Rapid Panchromatic plates. In some experiments 
a mercury arc was used as the source of light. In all cases exposures of the anil and a reference 
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layer of zinc oxide were made alternately every 20 minutes. No marked differences between 
the results were noticed when the yellow and the red form were interchanged; for both there 
is reflection at ca. 5000 A and a threshold of strong absorption at about 4050 A. 

The Dielectrical Examination of Phototropic Changes in Solution.—The apparatus used is shown 
in Figs. 5 and 6. ‘ 

The assembly was operated by setting condensers C, and C; in the oscillator so that the 
frequency radiated produced a galvanometer deflection in the resonator circuit about half-way 
down the wall of the crevasse caused in the ordinary tuning curve by the sharp resonance of 
the quartz (Q) : fuller details will be found in ‘‘ Dipole Moments ” (Methuen, 1938, pp. 25—27). 
This adjustment was very fine, the change caused by 0-1° alteration of temperature with pure 
benzene filling C, being of the order 50 galvanometer scale divisions. Since Hartshorne and 
Oliver (Proc. Roy. Soc., 1929, A, 128, 664) record (8e/3/) benzene as — 0-0020, the actual capacity 
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change under examination was ca. 0-0002 x 23 = 0:0046 pyF, so that a dielectric constant 
change of 1 in the fourth place was detectable. 

illumination caused a slight deflection in G when pure benzene and other solvents were 
tested, but none of the anil and other solutions under comparable exposures showed any greater 
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Apparatus for the detection of small changes of capacity. 
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Side view of cell. End view of cell. 


Components. 
Vy PM4DX Mullard valve. V,, PM12 Screened-grid Mullard valve. Q, tz vesonaior, 857 ke. 
natural frequency. ta and L,, about 26 turns No. 18 s.w.g. bare copper wire on 3” diameter formers. G, 
1 condenser 


Moll galvanometer. , 1200 ppF Sullivan second-grade variable air condenser. C,, Small fixed 

about 10 upF. Cy, Sullivan standard variable air condenser, maximum capacity 260 ppF. Cy, Special 

contanrer on Fact capacity about 10 ppF. C,, Radio variable condenser, maximum capacity 0-0005 pF. 
oe Yn Ye each. 


X-Ray Photographs of Salicylidene-m-toluidine—A yellow specimen was finely powdered and 
packed into a lithium-glass tube. The X-ray spectrum was obtained in a Debye~Scherrer 
type of camera, a Philips Cu* anode with 20 m.a. and 30 kW being used. The spacings obtained 
were very wide, but identical in intensity and position for the yellow and the red form of the 
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anil. Use of a single crystal led to similar results which—because of the greater number of 
identically placed spots in the two films—were even more definite. 

A preliminary experiment to ascertain whether X-rays could duplicate the effect of daylight 
was performed as follows: a yellow sample was mounted on a ground-glass plate by drying 
a coating of alcoholic paste in the dark, half-covered with }’’ lead plate, placed in a cardboard 
box, and exposed for 30 mins. at a distance of 50 cm. to a beam of X-rays from a Philips 180 kW, 
4 m.a. copper anode with tungsten-tip, broad-focus, water-cooled treatment tube. No increase 
in the colour of the specimen was caused. 

Microphotographs of Salicylidene-o-, m-, and -p-toluidines.—One drop of an absolute ethereal 
solution of the anil under investigation was allowed to crystallise on a microscope slide in the 
dark. The photographs were taken with a Vicker’s ‘ Transmitted Light Projection Micro- 
scope ”’ used with an Abbé condenser and “‘ Pointolite’’ source. 

For the yellow forms, the illuminating beam was passed through a deep red-orange filter 
absorbing green, blue, violet, and ultra-violet (Ilford microfilter No. 5). 

In the case of salicylidene-m-toluidine, the filter was then replaced by one transmitting ultra- 
violet, violet, and blue up to 4900 A (Ilford microfilter No. 6). A 30-min. exposure sufficed to 
darken the anil completely, and a second photograph was then taken. 

The results for the yellow and the red modification were identical (see de Gaouck, Thesis, 


London, 1939, pp. 36a, b, and c, for the photographs). 


A Note on the Phototropy of Solutions of the Leuco-cyanides of Malachite- and Brilliant-Greens. 


In a search through the literature for cases of phototropy in solution it became obvious that 
in nearly all the instances where this phenomenon had been noticed it could be ascribed to 
ionisation induced by the illumination. For example, a colourless alcoholic solution of para- 
rosaniline leuco-cyanide becomes red on exposure to ultra-violet light, and at the same time 
begins to show the characteristic absorption bands of pararosaniline salts, and the substances 
named in the above title give colourless solutions in alcoholic or aqueous media in the dark which 
become green in the light (Hantzsch and Osswald, Ber., 1900, 33, 278; Miiller, Ber., 1910, 48, 
2609); these colour changes are reversible and are accompanied by alterations in the electrical 
conductivities. The processes can therefore reasonably be formulated : 


(R,N-C,H Tight ~<a 
Wat *Sc—cN a Ge TDs “Sc—CiH, En 
C,H; dark | RgN—C,H, 
(Mesomeric cation.) 
(R = Me and Et for malachite- and brilliant-green respectively.) 


Similar schemes could be written for other leuco-derivatives. 

On such a view no phototropy should occur in a non-ionising solvent. However, Joffe 
(Diss., Ziirich, 1921) has stated that the leuco-cyanides of a number of triarylmethane dyes 
exhibit phototropy i in benzene as well as in alcoholic and ethereal solutions, We have therefore 
prepared specimens of the leuco-cyanides of malachite- and brilliant-greens and re-examined 
these points experimentally. 

Neither compound has shown in benzene solution any visible alteration under the influence 
of daylight or ultra-violet light from a mercury discharge tube. A similarly negative result has 
been obtained by testing the dielectric capacity [cf. method (3), p. 1462] of a condenser succes- 
sively in the presence and absence of an intense illumination from a carbon arc source (the 
apparatus was that assembled for a similar experiment with salicylidene-m-toluidine). 

Regarding the phototropy of alcoholic solutions, we confirm the increase of conductivity 
which accompanies illumination and colour development, yet in no case was the initial 
resistance ever recovered by long standing in the dark. Fig. 7 shows a typical result, the effect 
being quantitatively reversible only after the first exposure. This behaviour was possibly due 
to the hydrolytic action of the small amount of water present in ordinary ‘‘ absolute ”’ alcohol, 
by which the dye leuco-cyanides when dissociated tend to revert to the corresponding carbinol 
bases. The liberated hydrogen cyanide would then account for the permanent increase of 


conductivity. 

C.H H Incidentally, in this work we have determined the dipole moments 
tte CHC C,H, of the two cyanides, together with that of the leuco-base of mala- 
p- e"4 "6 chite-green (annexed formula). 

The Leuco-cyanides of Malachite- and Brilliant-greens—Commercial specimens of the dyes 
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in 1% aqueous solution were treated with an excess of saturated potassium cyanide solution, 
The precipitates were collected, and recrystallised (charcoal) three times from alcohol in the dark. 
The preparations used had m. p. 176° and 160° respectively (compare Hantzsch and Osswald, 
loc. cit.). 

The specimen of malachite-green leuco-base, after crystallisation from alcohol, had m. p. 
102°. The form, m. p. 93—94°, said to be produced by the use of alcohol as solvent (cf. Beilstein, 
*‘ Handbuch,” 4th Edition, XIII, 275), was not observed. 
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A Brilliant-green leuco-cyanide. 
{ B.Malachite-green leuco-cyaniade. 
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Measuremenis.—These relate to solutions in benzene. The apparatus and methods used 
are described in ‘‘ Dipole Moments ’”’ (Methuen, 1938, pp. 29—35). In the following tables 
the symbols are: w,, the weight fraction of the solute in a solution; ¢, the dielectric constant 
of the solution at a frequency ca. 1200 kc.; d, the density of the solution compared with 4? 
for benzene = 0-87378; , the specific polarisation of the solution; and 7P_, the total polar- 
isation of the solute at infinite dilution. The last two quantities have been calculated on the 
assumption that the densities and dielectric constants of the solutions have a rectilinear 
dependence upon the concentration, i.e. (subscripts 1 and 2 being used to denote solute and 
solvent respectively), d = d,(1 + Bw,) and ¢ = «,(1 + aw,). The specific polarisation at 
infinite dilution is then obtained from the equation p, = p,(1 — 6) + Cae,, where p, = 
(eg — 1)/(e, + 2)d, and C = 3/d,(e, + 2). Where M is the molecular weight of the solute, 
the total molecular polarisation at infinite dilution is given by 7P,, = Mpc.c. The refractive 





Results from Measurements recorded below. 
Mean aez. Mean fd,. P.,. [Rz]p- 


Malachite-green leuco-cyanide 0-80 0-199 147-2 121 
Brilliant-green leuco-cyanide ............ 1-00 0-191 186-7 126 
Malachite-green leuco-base ............+.. 1-13 0-151 163-2 112 


Measurements. 


1000w,. , . d. Bd. nes”, %19- 
0 0-87378 — 1-49724 0-33503 


Malachite-green leuco-cyanide. 


0-771 0-87431 0-170 1-49768 0-33510 
0-798 0-87456 0-184 1-49770 0-33501 
0-811 , 0-87539 0-221 1-49781 0-33472 
0-827 0-87547 0-223 1-49803 0-33471 


Brilliant-green leuco-cyanide. 


1-02 0-87459 0-190 1-49760 0-33492 
0-87486 0-192 1-49774 0-33485 
0-87518 0-182 1-49794 0-33483 
0-87470 0-190 1-49762 0-33488 


Malachite-green leuco-base. 


0-87413 0-144 1-49772 0-33517 
0-87440 0-146 1-49790 0-33517 
0-87467 0-164 1-49797 0-33510 
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indices and specific and molecular refractions respectively are given under’n?", r,,, and [Rz]p, 
the last constant being calculated from M[r, + (r;_, — 7) /w,). 

Marsden and Sutton (J., 1936, 599) have shown by dipole-moment measurements that the 
R,N group greatly facilitates mesomerism in an aromatic system containing it (compare Ingold, 
Ann. Reports, 1926, 23, 129), and the present results provide a further illustration. For, since 
the dipole moment of dimethylaniline is 1-6, thatof chloro- or bromo-benzene about 1-6, and those 
of ~-chloro- and -bromo-dimethylanilines 3-3 and 3-4 respectively (Marsden and Sutton, loc. 
cit.), it appears as if the two group moments of the ~-R,N-C,H,: radicals in the dye derivatives 
should be taken as being ca. 1-6 D converging at 110°. The resultant, namely, 1-8 D, should then 
interact at 55°, with the vector appropriate to the CN groups (say 3-2), thus producing a resultant 
of 4:5 D. The actual experimental figures are considerably lower than this, suggesting that 
these are instances where the polarities arising from the opposing mechanisms, conventually 


formulated RN a C, roughly balance one another, so that the molecular resultants are the 
vectorial differences of the three C>Aryl components in each case and the C->CN component. 
As a rough assessment of the former factor, we may take the value for the leuco-base of malachite- 
green. This is found to be 1-6 D, which, subtracted from 3-2 D, gives a result of the order actually 
found. 


We wish to thank Mr. H. Terrey and Dr. J. A. Kitchener for assistance with the X-ray 
photography and the spectroscopy respectively. Grants from the Chemical Society and the 
Dixon Fund of the University of London are gratefully acknowledged. 


THE StR WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
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By J. R. Price, SR ROBERT RoBINsoN, and (in part) R. ScoTt-MoNcCRIEFF (Mrs. MEAREs). 


The pigment of the yellow Iceland poppy is a nitrogenous diglucoside, the ratio of 
carbon to nitrogen atoms being approximately 30:1. It contains a p-hydroxyphenyl 
group and probably an amino-group. The formation of a ¥-base is the chief reason 
for suspecting the presence of a flavylium salt structure, but this is not decisive. 


THE occurrence in Papaver alpinum of a water-soluble yellow pigment resembling the 
anthocyanins rather than the anthoxanthins in general character but not tallying with 
known types was noted by Willstatter and Weil (Annalen, 1916, 412, 231). A similar 
colouring matter is present in yellow flowers of Meconopsis cambrica and of Papaver nudi- 
caule, and a preliminary examination of the latter was made by Dr. R. Scott-Moncrieff. 
This clearly indicated the diglucosidic nature of the substance, although the formation of 
the aglycone by acid hydrolysis was always accompanied by evident decomposition or 
condensation. We propose the name nudicaulin for this particular glucoside and the term 
flavocyanin for the whole group of naturally occurring yellow colouring matters resembling 
the anthocyanins. 

Miss Scott-Moncrieff isolated nudicaulin chloride as a yellow amorphous powder by 
repeated precipitation of its solution in methyl-alcoholic hydrogen chloride with ether. 
In later experiments we adsorbed the pigment on alumina, eluted it with water, and pre- 
cipitated a highly characteristic, red mercuric salt. This was decomposed by means of 
acetic acid, and the colouring matter precipitated by addition of ether and finally purified 
by solution in methyl-alcoholic hydrogen chloride and precipitation with ether. The 
important observation was then made that the pigment is nitrogenous and analyses indic- 
ated a formula of the order C,9H,,0,;NCI containing 0-3 methoxyl group. Hydrolysis 
afiorded glucose in amount greater than the theoretical for a monoglucoside but consider- 
ably less than that required for a diglucoside of this composition. The same phenomenon 
has frequently been noted among undoubted diglucosidic anthocyanins and is possibly due 
to condensation of the aglycone with glucose. After methylation and oxidation, anisic 
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acid could be isolated and this confirms an assumed relationship with the C,—C,-C, series 
Cl of natural products. Treatment with 

CygH91919°O a nitrous acid gave about half the theor- 
H etical volume of nitrogen, but examin- 

ation of the sample used showed that it 

Cll. Cl. had only half of the normal nitrogen 

SS ae content and therefore the presence of 


an amino-group is indicated. An aliphatic aldehyde appeared to be produced on oxidation 
with hydrogen peroxide, but further investigation of this point is necessary. The annexed 
formula is given only in order to show a structure isomeric with nudicaulin; there is no 
evidence as to the position of any of the groups other than the #-hydroxyl in the phenyl 
nucleus. 

In regard to the methoxyl content, indicating admixture with a methylated component 
(one-third of the whole), the similar case of bougainvillaeidin (Price and Robinson, J., 1937, 
449) is brought to mind. It was suggested that methylation might have been due to esteri- 
fication of a carboxyl group during the process of isolation. Later experiments have shown 
that this is not so, because the same methoxyl content has since been observed in bougain- 
villaeidin isolated without the use of methyl alcohol. 

Orange flowers of Papaver nudicaule (also pink flowers) and Meconopsis cambrica have 
been found to be coloured by pelargonidin 3-bioside (Robinson and Robinson, Biochem. J., 
1931, 25, 1701; 1932, 26, 1659). It is now found that the buds of yellow Iceland poppies, 
which are red, contain a pelargonidin diglucoside or bioside. This disappears as the flower 
develops (for similar cases, cf. Chodat, Compt. rend. Soc. Phys. Hist. nat., Geneva, 1937, 52). 
Fresh material has been collected and the investigation is being continued. It is hoped 
also to study the colouring matter of yellow flowers of Celosia cristata, which is apparently 


another member of the flavocyanin group. 


EXPERIMENTAL. 


Preliminary Examination (by Miss R. Scott-Moncrieff).—The yellow pigment from the 
Iceland and alpine poppy (prepared as stated above) is quite dissimilar from the yellow sap- 
soluble flavones, but appears to resemble the anthocyanins inits reactions, solubilities, and general 
behaviour. The colour and many other characteristics are in keeping with the possibility that 
it is the glucoside of a simple flavylium salt, the comparative insolubility of the sugar-free pig- 
ment in water and in aqueous acid solutions alone being in contradiction to this theory. 

The pigment, which is present in the flower as a glucoside, is insoluble in benzene, ether, and 
ethyl acetate, slightly soluble in amyl alcohol, moderately readily soluble in ethyl alcohol, 
easily soluble in water, hydrochloric acid, methyl alcohol, and glacial acetic acid (if a trace of 
water be present) and, on acidification, in acetone. It forms a stable canary-yellow salt with 
acids, which is easily converted into the colourless ¥-base on dilution with alcohol or warm 
water. Addition of hydrochloric acid at once causes regeneration of the yellow colour to its 
original intensity. With sodium acetate or bicarbonate, a characteristic rose-pink coloration 
is obtained ; with sodium carbonate or sodium hydroxide a darker yellow alkali salt is produced. 
A buff-coloured precipitate is obtained on addition of lead acetate to an aqueous solution of the 
pigment, and an amorphous picrate separates on treatment with saturated aqueous picric acid. 
Acid alcoholic solutions show no fluorescence, and ferric chloride gives no colour reaction. The 
distribution number is similar to that of a diglucosidic anthocyanin. 

Hydrolysis of the glucosidic pigment by boiling with either aqueous or alcoholic hydrochloric 
acid yields the sugar-free pigment in amorphous form. All attempts to crystallise it have 
failed up to the present. A monoglucosidic form can be isolated after partial hydrolysis, as is 
shown by distribution experiments. 

The sugar-free pigment is slightly soluble in water and aqueous acid solution, and easily 
soluble in methyl and ethyl alcohols, no colourless ¥-base being formed on dilution. An amor- 
phous picrate is obtained on addition of saturated aqueous picric acid solution to a methyl- 
alcoholic extract of the pigment. As in the case of the normal anthocyanidins, this picrate is 
soluble in ether. Similarly, the non-glucosidic hydrochloride is readily soluble in amy] alcohol, 


from which it can be precipitated by means of benzene. 
The sugar-free hydrochloride is yellow in alcoholic solutions; a yellowish-pink colour base 
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is obtained on addition of sodium acetate or sodium bicarbonate, and a transient pink, followed 
by the formation of a deep yellow alkali salt, is obtained with sodium carbonate. 

The chlorine content of the glucosidic pigment was found to be 4-08, 4-1, 3-7%, and the 
methoxyl content was 15%. The chlorine content of the aglycone was found to be 6-3, 6-0, 
5-7, and 4-6% in different specimens. 

Isolation of Nudicaulin Chloride.—After much material had been used in unsuccessful ex- 
ploratory experiments with lead salts, picrates, etc., the following process was adopted. Dis- 
integrated petals, dried in a stream of warm air at about 70°, were extracted with 1% methyl- 
alcoholic hydrogen chloride during 2—3 days. The solution was separated, neutralised with 
ammonia, and shaken with active alumina until no more adsorption took place. The alumina 
was then collected and well washed with methyl alcohol. 

Preliminary experiments, carried out in the usual manner with an alumina column, showed 
that the extract contained a mixture of at least three and possibly more colouring matters. The 
major constituent, which is the required substance, was removed from the adsorbent by washing 
with water, the others remaining behind. These could be removed by means of acids and gave 
colour reactions similar to those of the main product, but they were darker in colour and were 
probably more complex products. In the experiments on a larger scale the pigment was re- 
moved by washing with warm water. To the filtered solutions, usually 2—3 1. per 80 g. of 
dried petals, solid sodium acetate was added and then saturated aqueous mercuric chloride. A 
bright red precipitate was soon formed, and the solutions were kept overnight to ensure as 
complete precipitation as possible. If they were filtered immediately, more mercury salt came 
down within 24 hours. 

The separated solid was dried on a porous tile and extracted with glacial acetic acid at 20— 
25°, the extract filtered, and a yellow solid precipitated by means of ether. This was taken up 
in 1% methyl-alcoholic hydrogen chloride and reprecipitated by ether, this process being re- 
peated two or three times. The final product was centrifuged and dried in a vacuum over 
phosphoric anhydride. It was a clean, yellow to orange-yellow, amorphous powder. 

After the first extraction, the petals were again treated with 1% methyl-alcoholic hydrogen 
chloride, and this solution used to extract a fresh batch. The yield of mercury salt obtained 
was 4-5 g. from 80 g. of the dried petals. The mercury salt was extracted several times with 
acetic acid, but there remained a considerable amount of residue. This was extracted with 1% 
methyl-alcoholic hydrogen chloride, giving a further supply of a less pure pigment. 

The glucoside is easily soluble in water, and in methyl or ethyl alcohol, but is insoluble in 
ether, acetone, benzene and other neutral organic solvents. An aqueous acid solution is pure 
yellow and gives the reactions described by Miss Scott-Moncrieff. 

The salt is not extracted from aqueous solution by isoamyl or butyl alcohol even in the 
presence of sodium chloride, but if the liquid is neutralised there is partial extraction of the colour- 
less ¥-base. 

The substance gives an orange-yellow lead salt and a bright red mercury salt 

Attempts to crystallise the salt under a variety of conditions were unsuccessful, though slow 
dilution of a methyl-alcoholic hydrogen chloride solution with acetone caused deposition of a 
small amount of a semi-crystalline solid after 3 weeks. 

Analyses of Nudicaulin Chloride.—The first sample obtained after adsorption with alumina 
was not isolated through the mercury salt, but by concentration of the aqueous solution under 
reduced pressure and precipitation with acetone (Found: N, 2-1%). 

Specimens purified through the mercury salt : 

(A) Dried in a vacuum over phosphoric anhydride at room temperature (Found: C, 47-15; 
H, 6-2; Cl, 4-7; loss on drying at 105° in a vacuum, 10-4%. Found in material dried at 105° 
in a vacuum: C, 53-5; H, 6-1; N, 2-1; Cl, 4:4; OMe, 1-5%). 

(B) Dried at 105° in a vacuum (Found : C, 53-0; H, 5-5; N, 2-0; Cl, 3-8; S, 0-0%). 

The mean values for the dried material are: C, 53-25; H, 5-8; N, 2-1; Cl, 4-1. 

C3.H,,0,,;NC1,0-3CH,,4H,O 
requires C, 47-6; H, 6-1; Cl, 4:7; loss of 0-2HCI1,4H,O, 10-4%. C,,9H;,0,,;N,0-8HCI1,0-3CH, 
requires C, 53-1; H, 5-6; N, 2-0; Cl, 4:15; OMe, 1-4%. 

Hydrolysis of Nudicaulin Chloride.—Miss Scott-Moncrieff found that the aglycone produced 
on acid hydrolysis behaved differently according to the conditions under which it was prepared. 
If the time of contact with concentrated acid was prolonged, the aglycone was almost insoluble 
in water or dilute acids and was not completely extracted from its suspensions by amyl or butyl 
alcohol. We have confirmed this and find that, when hydrolysis is effected by boiling with 10— 
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15% hydrochloric acid for a minute, complete extraction by isoamyl alcohol is possible. Never- 
theless the product, which separates as a reddish-brown solid if the solution is sufficiently con- 
centrated, is evidently, at least in part, a condensation product. However, it still gives the 
characteristic rose-pink colour on neutralisation. A specimen which separated from 16% 
hydrochloric acid was dried in a vacuum at 105° over phosphoric anhydride (Found: C, 65-3; 
H, 4-3; N, 1-9; Cl, 36%). For the reasons stated, these values cannot be used to check the 
proposed formula, but it is significant that the N : Cl ratio is still 1 : 0-75 as in the glucoside. 

Estimation of the amount of reducing sugars produced gave the following results: (a) 
23-2 Mg. of glucoside dried at 105° in a vacuum over phosphoric anhydride gave 9-3 mg. of glu- 
cose, and 12-0 of aglycone dried over phosphoric anhydride in a vacuum, whence: glucose, 
40-1; aglycone, 517%. (b) 23-0 Mg. of glucoside gave 8-8 mg. of glucose and 11-2 mg. of the 
aglycone, whence: glucose, 38-3; aglycone, 48-7%. The theoretical requirement for the 
diglucoside is glucose, 52°8%. 

In an experiment on a larger scale the sugar produced on hydrolysis was converted into its 
osazone, which was identified as glucosazone, m. p. and mixed m. p. with an authentic specimen, 
204-5—205-5° after crystallisation from aqueous alcoholic pyridine. 

Methylation and Oxidation of the Aglycone.—The aglycone (0-23 g.) was methylated by means 
of methyl sulphate (15 c.c.) and sodium hydroxide (18 g.) in aqueous solution. The reagents 
were added in two portions, and the solution shaken vigorously after each addition. A solid 
separated from the strongly alkaline solution. After being kept overnight, the mixture was thrice 
extracted with ether and the aqueous solution was acidified, more solid then separating, and 
again thoroughly extracted with ether. The solid in suspension, which appeared to represent 
the greater part of the starting material, was insoluble in ether and was collected. It was 
suspended in aqueous soda, and potassium permanganate added, with occasional gentle heating 
on the steam-bath until oxidation was complete. The excess of permanganate was destroyed 
by means of sodium sulphite and the solution was filtered and acidified; the white crystalline 
precipitate obtained crystallised from water in long, colourless needles, m. p. 180—182°, alone 
or mixed with anisic acid (m. p. 181—183°). 

Potash Fusion of the Aglycone.—The air-dried aglycone (0-8 g.), produced by hydrolysis with 
boiling 15% hydrochloric acid for 2 minutes, was heated at 200—220° with potassium hydroxide 
(10 g.) and water (2 c.c.) for 15 minutes. Working up in the usual way gave dark tarry phenolic 
and acid fractions. The phenolic fraction gave no coloration with ferric chloride and the only 
indication that a phenol may have been present was that the addition of benzenediazonium 
chloride to an alkaline solution gave a slight yellow precipitate. There was considerably more 
of the acid fraction, but it was very dark, yielded a tar on evaporation, and could not be crystal- 
lised. It was therefore methylated with methyl sulphate and alkali, and the product oxidised 
with alkaline permanganate. On acidification and extraction with ether a colourless solid was 
obtained which after crystallisation from water had m. p. 179—181°, mixed m. p. with anisic 
acid, 181—183°. 

Action of Nitrous Acid on Nudicaulin.—Quantitative determinations of the amount of 
nitrogen liberated on treatment of the pure pigment with nitrous acid have not yet been carried 
out, but two estimations were done with a specimen obtained from the mercury salt residues. 
The nitrogen evolved corresponded to 50% of the theoretical on the basis of the C,, formula, 
but on analysis of the specimen the nitrogen content was found to be very low (10%). Allow- 
ing for this, the amount of nitrogen approximated to the requirement for an amino-group. 

During treatment with nitrous acid there was little or no change in colour, but afterwards 
the characteristic rose-pink colour was not developed on neutralisation. When the solution 
after nitrous acid treatment was hydrolysed by boiling with 15% hydrochloric acid, a marked 
colour change from deep yellow to very pale yellow took place and, on cooling, a pale yellow 
solid separated. This has not been obtained in sufficient amount for a detailed examination, 
but it is readily soluble in ether to a yellow solution, and can be extracted from ether with alkalis, 
giving deep yellow solutions, from which it is precipitated on acidification. 


THE JOHN INNES HORTICULTURAL INSTITUTION, MERTON, S.W. 19. 
THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. ; [Received, August 4th, 1939.] 
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312. Constitution of the Mucilage from the Bark of Ulmus Fulva (Slippery 
Elm Mucilage). Part I. The Aldobionic Acid obtained by Hydro- 
lysis of the Mucilage. 

By R. E. Git, E. L. Hirst, and J. K. N. Jones. 


An aldobionic acid, 2-d-galacturonido-/-rhamnose, has been obtained by the partial 
hydrolysis of a mucilage which can be extracted from the inner bark of the tree Ulmus 
fulva (slippery elm bark). Methylation by the thallium process gave the fully methyl- 
ated derivative, which on hydrolysis gave 2: 3: 4-trimethyl d-galacturonic acid and 
3 : 4-dimethy] /-rhamnose in equimolecular proportion. It follows that the aldobionic 
acid is 2-d-galacturonido-/-rhamnose, and is therefore identical with an aldobionic acid 
isolated from flax seed mucilage by Tipson, Christman, and Levene (J. Biol. Chem., 
1939, 128, 609). 


In connection with work on pectic materials we are investigating the structure of the well- 
knowr mucilage which can be extracted from the inner bark of the tree Ulmus fulva. 
Anderson (J. Biol. Chem., 1933, 104, 163) obtained from this substance an aldobionic acid 
which has the structure of a rhamnose galacturonide. We have now found that the aldo- 
bionic acid consists of a pyranose galacturonic acid residue united by its reducing group 
to the hydroxyl situated at C, of the rhamnopyranose portion. This conclusion follows 
from the identification of the hydrolysis products obtained from the fully methylated 
derivative (I) of the aldobionic acid. These were (a) 3 : 4-dimethyl rhamnose (II), recog- 
nised after oxidation by bromine water, which gave crystalline 3 : 4-dimethyl -rhamnono- 
lactone, the identity of which was confirmed by its conversion into 3 : 4-dimethyl /-rhamn- 
onamide (Haworth, Hirst, and Miller, J., 1929, 246; compare Tipson, Christman, and 
Levene, J. Biol. Chem., 1939, 128, 609); and (6) 2 : 3 : 4-trimethyl d-galacturonic acid (ITI), 
identified, after oxidation by bromine water and esterification of the product, as the 
crystalline methyl ester of 2:3: 4-trimethyl mucic acid (Levene and Kreider, J. Biol. 
Chem., 1937, 120, 602). 
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The aldobionic acid was therefore 2-d-galacturonido-J-rhamnose, in which both residues 
are present in the pyranose form. Whether the galacturonido link is a- or 8- in type 
cannot at present be decided with certainty, but in view of the high positive rotation of the 
methylated aldobionic acid (which is a mixture of hexamethyl 2-d-galacturonido-«-methyl- 
l-rhamnoside and the corresponding §-form) it is probable that the galacturonic acid is 
bound to the rhamnose by an a-link. The same aldobionic acid has recently been found 
by Tipson, Christman, and Levene (loc. cit.) amongst the hydrolysis products of flax-seed 
mucilage. It is of interest to find in slippery elm mucilage yet another example of a 
naturally occurring polyuronide in which the uronic acid residue is united glycosidically 
to position 2 of a sugar residue. Other examples are damson gum (Hirst and Jones, J., 1938, 
1178) and cherry gum (Jones, this vol., p. 558). In the two gums the corresponding 
aldobionic acid consists of d-glycuronic acid in its pyranose form, united through the 
glycosidic group to the hydroxyl at C, of a d-mannose residue. 

Residues of 2-d-galacturonido-l-rhamnose are therefore a fundamental feature of the 
molecular structure of slippery elm mucilage. The uronic acid residue must be present in 
the mucilage in its pyranose form, but the evidence at present available does not permit 
of a decision regarding the ring structure of the rhamnaose portion, which is capable of 
forming both furanoside and pyranoside derivatives, positions 4 and 5 being unsubstituted. 
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We hope to present shortly further evidence bearing on this point and on the nature of the 
galactose residue. 


EXPERIMENTAL. 


Preparation of Slippery Elm Mucilage.—The bark was extracted with boiling water for 24 
hours and the liquid was then filtered through a large Buchner funnel (without filter-paper) and 
again through linen (to remove small quantities of bark); the clear solution was poured into 3 
vols. of methylated spirits acidified with hydrochloric acid. The pure polysaccharide dissolved 
in water, forming very viscous acidic solutions. [a]? + 12° in water (c, 1-0). Equiv. wt. 460. 

Isolation of an Aldobionic Acid (2-d-Galacturonido-|-rhamnose) after Hydrolysis of the Mucil- 
age.—An aqueous solution of the polysaccharide when boiled underwent partial hydrolysis, 
with separation of about 10% of dark-coloured material which gave positive tests for C, H, N, 
and S, and became much less viscous. The filtrate was poured into alcohol, and the partially 
degraded polysaccharide collected, washed, and dried. [a]? + 68° in water (c, 1-0), equiv. 
wt. by titration 468, uronic anhydride (from carbon dioxide liberated by boiling 12% 
hydrochloric acid) 36-6% (corresponding to equiv. wt. 482), furfural and methylfurfural 18% 
(formed on boiling with 12% hydrochloric acid); methylfurfural approx. 12%. 

Degraded mucilage (20 g.) was hydrolysed with n-sulphuric acid (200 c.c.) at 90° for 9 hours. 
The cooled solution was neutralised with barium carbonate, filtered, evaporated to 100 c.c., and 
poured into methyl alcohol. The precipitated barium salts were filtered off, washed with 
methyl alcohol, dried, dissolved in water, and purified by reprecipitation by ethyl alcohol. The 
precipitate (14 g.) was washed with alcohol and ether and dried (Found: Ba, 17-0. 
C,,H,,0,,Ba, requires Ba, 16-9%). 

The barium salt (12 g.) was dissolved in water (50 c.c.), barium precipitated as sulphate by 
the gradual addition of n-sulphuric acid and removed on the centrifuge, and the solution (which 
still contained a little barium salt) evaporated to dryness at 40°/12 mm, after addition of 
N-thallous hydroxide (230 c.c.). The powdered solid was boiled with methyl iodide until it no 
longer gave an alkaline reaction, the excess of methyl iodide removed, and the solid extracted 
with alcohol. The extracts were concentrated to a syrup (8-0 g.), np” 1-4745, which was methyl- 
ated with Purdie’s reagents. The product was isolated in the usual manner and some methyl- 
ated monosaccharide was separated by distillation at 120°/0-01 mm. (bath temp.). The residue 
was methylated three times with Purdie’s reagents, giving a product, nj” 1-4735, OMe 43-5%, 
a portion (1-2 g.) of which was distilled: fraction I (0-2 g.), b. p. 120—130°/0-01 mm, (bath 
temp.), mj” 1-4540 (mainly monosaccharides); fraction II, the methyl ester of 2-(2:3: 4- 
trimethyl-d-galacturonido) 3: 4-dimethyl methyl-/-rhamnopyranoside (0-85 g.), b. p. 170°/ 
0-01 mm. (bath temp.), n}%" 1-4722, [a]p + 76° (c, 3-2 in water) (Found: OMe, 46-2; equiv., 
430. Calc. for C,,H;,0,,: OMe, 49-5%; equiv. 438). 

The distillate (0-79 g.) was hydrolysed with 2n-hydrochloric acid (26 c.c.) at 95°. [«]3" + 
76° (initial value), falling to + 65° in 3 hours. The cooled solution was neutralised with silver 
carbonate and filtered, silver ions removed with hydrogen sulphide, the solution aerated to 
remove hydrogen sulphide, evaporated to a small volume, neutralised with barium carbonate, 
and filtered, and the filtrate evaporated to dryness, giving a product (A), which was exhaust- 
ively extracted with ether. Concentration of the extracts gave a syrup (0-20 g.), J?" 1-4730, 
[«]}" +- 20° (c, 2-0 in water) (Found: OMe, 31-2. Calc. for CsH,,O,: OMe, 32:2%). 

The syrup (0-18 g.) was dissolved in water (10 c.c.) and oxidised with bromine (0-5 c.c.) until 
the solution was non-reducing (24 hrs.). Bromine was removed by aeration, and the solution 
worked up in the usual manner. The product (0-16 g.) crystallised almost completely and on 
recrystallisation from ether-light petroleum 3: 4-dimethyl /-rhamnonolactone was obtained, 
m. p. 76—78°, [a]? — 150° (c, 3-0 in water) after 10 mins. and — 116° after 3 days (Found : 
OMe, 30-0; equiv., 194. Calc. for CsH,,O,: OMe, 32-6%; equiv. 190). 

With liquid ammonia the lactone gave 3 : 4-dimethyl /-rhamnonamide, m. p. 153° (compare 
Haworth, Hirst, and Miller, loc. cit.), which with sodium hypochlorite yielded sodium isocyanate 
(detected in the usual way as hydrazodicarbonamide, m. p. 258°). This positive Weerman 
reaction confirmed the presence of a free hydroxy] group at C, in the dimethyl rhamnose. 

The residual barium salts from (A) were dissolved in water and oxidised with bromine 
water until non-reducing (2 days at 20°). The excess of bromine was removed by aeration, 
the solution neutralised with barium carbonate, filtered, and evaporated to dryness, and the 
residue boiled with 3% methyl-alcoholic hydrogen chloride (30 c.c.) for 12 hours. Hydrogen 
chloride was removed with silver carbonate, and the filtered solution evaporated to a solid, 
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which was exhaustively extracted with ether. Concentration of the extracts gave a syrup 
(0-22 g.), which was distilled, b. p, 140°/0-01 mm. The distillate (0-2 g.) set solid and on re- 
crystallisation from ether light-petroleum gave methyl 2:3: 4-trimethyl mucate, m. p. and 
mixed m. p. with an authentic specimen 101° (Found: OMe, 58-0. Calc. for C,;H.0,: OMe, 


55-4%). 
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313. Polysaccharides. Part XXXII. The Molecular Constitution of 
Rice Starch. 


By E, L. Hirst and G. T. Youne. 


Rice starch, in common with all other starches hitherto examined, contains a 
repeating unit composed of a straight chain of 24—30 glucose residues. Independently 
of the mode of preparation of the methyl derivative—whether the starch grain is methyl- 
ated directly in air or in nitrogen, or whether the methyl derivative is prepared via 
the acetate—and irrespective of the molecular weight of the methylated starch, the 
percentage of end-group (tetramethyl glucose) obtained on hydrolysis remains un- 
changed. The observed proportion of end-group cannot therefore be explained by 
random hydrolysis of long main chains of similarly united residues, and it is concluded 
that viscous methyl starches are composed of a large number of repeating units joined 
together laterally, forming side chains. In support of this view, a viscous methyl 
starch containing some 80 repeating units (mol. wt. approximately 500,000) has been 
disaggregated by controlled hydrolysis into a non-viscous, essentially homogeneous 
methyl derivative, which, on further methylation to etherify the hydroxyl groups 
liberated during the disaggregation process, gives the fully methylated derivative. 
Osmotic-pressure and ultracentrifuge measurements show that the latter has a mole- 
cular weight corresponding to about 3 repeating units (90 glucose residues) and on 
hydrolysis the methylated disaggregated derivative gives precisely the same amount of 
tetramethyl glucose as do the viscous derivatives, but the yield of dimethyl glucose is 
now very small, Consideration of the conditions of the disaggregation process leads 
to the conclusion that in the starch molecule, the repeating units, each consisting of a 
chain of 30 glucose residues, are linked to a non-terminal glucose residue of another 
unit by primary valencies of the glycosidic type. The relationship between viscosity 
data and molecular weight in the methyl starch series is considered and an empirical 
method is suggested for the utilisation of viscosity results in the determination of 
approximate molecular sizes. 


THis paper is concerned with the nature of the repeating unit present in the rice starch 
molecule and the manner in which the repeating units are united to form macromolecules 
containing up to 2000 or more glucose residues. It has been shown previously that in 
several varieties of starch (for detailed references, see Hirst and Young, this vol., p. 951) 
there occurs as a repeating unit a chain of 24—30 glucose residues linked glycosidically 
through their 1—4 positions. It is now demonstrated that a similar repeating unit con- 
taining approximately 30 glucose residues is a fundamental feature of the structure of 
rice starch. That this repeating unit has a real existence has been confirmed by the exten- 
sive series of experiments summarised in Table I. The results of these indicate that the 
chain length of the repeating unit, as determined by the yield of tetramethyl glucose obtained 
on hydrolysis of methylated rice starch, is independent both of the mode of preparation 
and of the viscosity of the methylated starch. For instance, the same yield of end group 
(tetramethyl glucose) is obtainable from methylated rice starch of molecular weight 
400,000 and from a disaggregated methylated derivative of molecular weight 20,000. 
In all cases the methods of purification adopted and the fractionation procedure ensure 
that no small fragments can be present and it is impossible to reconcile the present results 
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Operation. 
Acetylation (SO, and Cl, catalysts) 


Methylation of A in N, at 55° 
Methylation of B in N, at 55° 


Acetylation in pyridine 
Methylation of C in N, at 55° 


Direct methylation in air at 20° 


Direct methylation in air at 55° 


Direct methylation in N, at 20° 


Designation of 
product in text. 


Derivatives of Rice Starch. 


Molecular weight of 


Molecular weight repeating unit from 
from viscosity.! end-group assay.? 


250,000 
380,000 


166,000 


600,000 
510,000 


720,000 
670,000 * 


520,000 
385,000 
250,000 


190,000 
250,000 
205,000 

95,000 


560,000 


525,000 
400,000 
175,000 


Disaggregation of F (2) 23,000 * 

Methylation of X (main fraction) 20,000 4 6300 
1 Obtained by the method discussed on p. 1475. 
2 A chain length of 30 units corresponds to a molecular weight of 6100. 


3 Viscosity of unfractionated product. 
4 Confirmed by osmotic-pressure and ultracentrifuge measurements. 


with any hypothesis of random hydrolysis taking place during the methylation of an 
immensely long chain of similarly united glucose residues (compare Richardson, Higgin- 
botham, and Farrow, J. Text. Inst., 1936, 27, T, 131). Again, the yield of tetramethyl 
glucose is the same whether the methylated derivative has been obtained (a) by direct 
methylation of rice starch in an atmosphere of nitrogen, (b) by direct methylation in air 
at room temperature or at 55°, or (c) by simultaneous deacetylation and methylation of an 
acetyl derivative of rice starch. The last observation is of special importance in that in 
this particular case acetylation was carried out with the aid of sulphur dioxide and chlorine 
as catalysts and it is seen, therefore, even when the somewhat drastic conditions of the 
Barnett method are employed for acetylation, that there is no appreciable breakdown of 
the glucosidic links of the repeating units. It appears also from the values for molecular 
weights given in Table I that methylated derivatives can be obtained from acetylated rice 
starch without diminution of the total particle size in terms of glucose residues. Staudinger 
and Husemann have reached a similar conclusion in the case of the methylation of potato 
starch (Annalen, 1937, 527, 195) and of wheat starch (Ber., 1938, 71, 1057) via the acetates. 
In certain instances, the methyl derivatives obtained in this way have a molecular weight 
fully as high as that of methylated rice starches obtained by direct methylation in the cold. 

The particle sizes of the methylated starches included in Table I are extremely large, 
fraction F(l), for example, containing some 2800 glucose residues per particle. In 
general, the milder the methylation treatment the greater the apparent molecular weight, 
but on the other hand, as is also the case with maize starch (Averill, quoted by Carter and 
Record, this vol., p. 670), long-continued repetition of the methylation treatment gives 
products of lower molecular weight and higher methoxyl content. This point will not be 
considered in detail in this paper, but it may be stated now that these methyl derivatives of 
lower molecular weight give the same yield of end-group as do those of high molecular 
weight. It is probable that the particle size of natural rice starch is still greater than the 
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highest value shown in Table I, but this does not affect the general conclusions arrived at 
concerning the nature and chain length of the repeating unit. 

Disaggregation of Methylated Rice Starch—The results considered in the previous 
section show that by alteration in the conditions of methylation, methyl derivatives of 
widely different molecular weight are obtainable. We next proceeded to investigate the 
possibility of transforming methyl derivatives of high molecular weight by methods which 
involved no alteration in the size or character of the repeating unit. One process whereby 
this can be effected is to repeat the methylation process a large number of times. For 
example, methylation of maize starch seventeen times reduced the molecular weight to 
38,000 (Averill, loc. cit.). This method is, however, tedious, and the extent to which 
disaggregation can be brought about is limited and is not readily controllable. Further 
consideration of this process will be postponed except to say that it seems likely that the 
mechanism of it is similar to that operative in the methods about to be described but, 
owing to the alkaline conditions, it proceeds at a much slower rate. Two other methods 
have been found whereby disaggregation can be effected, and both of them are essentially 
mild hydrolytic reactions, an observation which is of importance in connection with the 
argument concerning the mode of linking between the repeating units. The first method 
consists in heating a solution of the highly viscous methylated starch in m-cresol containing 
a little water. The viscosity gradually diminishes to a final value (72° = 0-10 for c, 
0-4 g./100 c.c.) which is independent of the molecular weight of the original methylated 
starch. Isolation of the product from its solution in m-cresol is troublesome and in many 
respects an alternative method offers many advantages. In this the methylated starch is 
heated in aqueous methyl alcohol containing oxalic acid, and for purposes of comparison 
the conditions chosen were identical with those employed by Haworth, Hirst, and Percival 
(J., 1932, 2387) for the hydrolysis of methylated inulin. When this method is used, it is 
possible to isolate samples at various stages of the reaction and to purify them by precipi- 
tation from boiling water. In this way, separation of any small fragments formed by 
degradation of the repeating units would be effected, but actually no such breakdown 
products were detected in the experiments described below. It was found that the viscosity 
of these samples (which are presumably mixtures of polymer-homologues and not homo- 
geneous substances) diminished regularly during the main part of the reaction, and the 
final product, which was obtained in almost quantitative yield, had a molecular weight of 
ca. 20,000 irrespective of the initial molecular weight. From the method of purification, 
this final product contained no short-chain break-down products and confirmation of 
this view was obtained in the following way. The disaggregated methylated starch 
was submitted to methylation in order to convert into the methyl ethers any 
hydroxyl groups which had become exposed during the disaggregation procedure. 
The fully methylated derivative (Y in Table I) was carefully fractionated and it was found 
that the main portion had a molecular weight very close to 20,000 and was essentially 
homogeneous. No very small fragments were present and the results of ultra-centrifuge 
analysis carried out for us by Mr. J. St. L. Philpot, whose report is appended, indicate that 
no great portion of it can have a molecular weight much different from 20,000. The 
behaviour towards membranes during osmotic-pressure measurements gives further sub- 
stantiation of this view (the molecular weight by osmotic pressure being 20,500). The 
substance (Y) in comparison with (G), (D), (E), or (F) has properties corresponding to its 
smaller molecular size. It dissolves much more rapidly in organic solvents and in cold water, 
but, like the viscous methyl derivatives, it is insoluble in boiling water. Because of its 
higher degree of methylation—a degree not attainable with starch of high molecular weight— 
its specific rotation ([«]}" + 224°) is noticeably higher than that of (D), (E), etc. In this 
connection it is important to note that during the actual disaggregation process the rotation 
of the material remains unchanged, and only after further methylation to effect closure 
of hydroxyl] groups freed during the hydrolysis does the rotation rise to + 224°. In view 
of the immediate fall in specific rotation when the glycosidic links in the repeating unit 
are broken (compare the starch dextrins) we regard this as further strong evidence that no 
such linkages have been broken during disaggregation. This view is once again substan- 
tiated by the fact that on hydrolysis (Y) yields precisely the same percentage of end- 
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group as do the viscous derivatives (G), (D), (E), and (F). It follows that the disaggregated 
methylated starch of molecular weight 20,000 contains exactly the same repeating unit as 
is present in the viscous methyl derivatives, and that the “‘ disaggregation ’’ reaction has not 
involved any breakdown within the repeating units but is concerned with the separation intact of 
repeating units from larger aggregates of these units. 

In the experiments described here, the disaggregation process became very slow when 
the molecule contained three repeating units, but by modification of the conditions it appears 
to be possible to proceed further without degradative breakdown and to isolate the single 
repeating unit itself. These experiments will be the subject of a later communication. 

The conditions for disaggregation of the methylated starch do not appear to be so 
favourable for the unmethylated starch, and attempts at disaggregation under similar 
conditions result in hydrolysis of the repeating units themselves. It would appear that in 
these circumstances there is little difference in the stability of the side-chain and main- 
chain glucosidic links. Nevertheless, it is obvious that simplification of the starch molecule, 
giving products of greater solubility and smaller viscosity, takes place under conditions 
not dissimilar to those used in the disaggregation experiments during the formation of 
soluble starch. This view is in accord with the observations of Richardson, Higginbotham, 
and Farrow (loc. cit.), who find a continued increase in the reducing power during the treat- 
ment of starch with acids, and with the similar results of the periodic acid oxidation of 
starch carried out by Caldwell and Hixon (J. Biol. Chem., 1938, 123, 595). 

It is of interest to compare this process of chemical disaggregation with the disaggregat- 
ing action of the enzyme ‘‘ amylophosphatase ’’ of Waldschmidt-Leitz and Mayer (Z. 
physiol. Chem., 1935, 236, 168). This enzyme causes an immediate fall in the viscosity of 
starch pastes, and the reducing power rises finally to a value corresponding to a chain length 
of 36 glucose units (compare Hanes, New Phytologist, 1937, 36, 538). Phosphorus can, 
however, play no part in the disaggregation of methylated rice starch, in which it is absent. 

Nature of the Linkage between the Repeating Units——On previous occasions (see, for 

example, Hirst, Plant, and Wilkinson, J., 1932, 2375; Haworth, Hirst, and Isherwood, 
J., 1937, 577) the view has been expressed that in starch there are units consisting of ter- 
minated chains of 24—30 glucose residues and that these units aggregate to form the 
larger particles present in ordinary starches. Hitherto evidence has been lacking con- 
cerning the precise nature of the bond by which the “‘ aggregation ”’ is effected and the 
question whether it is a glycosidic link (primary valency) or some looser form of association 
(for example, hydroxyl bond) was left open. Now, however, it is possible from a consider- 
ation of observations made during a study of the disaggregation reaction to make certain 
deductions concerning the nature of this linkage. It is found that the disaggregation 
reaction, as indicated by the changes in viscosity of the methylated starch, follows a course 
strictly comparable with the hydrolysis of methylated inulin under the same conditions. 
The rate of reaction is, in fact, some seven or eight times slower than that of methylated 
inulin and lies between the values for methylated inulin and methylated methyl glucopy- 
ranosides. The kinetics of the disaggregatation reaction will be considered in detail in 
another paper, in which it will be shown that the critical increment for the disaggregation 
(approximately 25,000 cals.) is closely similar to that for the hydrolysis of glycosides of both 
the furanose and the pyranose type (compare Moelwyn-Hughes, Trans. Faraday Soc., 
1929, 25, 503). Since in methylated inulin the residues are held together by glycosidic 
links and in all respects the “‘ aggregation ’’ link in starch has the properties of an ordinary 
valency link, there seems no reason for supposing that we are here dealing with anything 
other than a primary valency bond of the glycosidic type. The absence of any evidence of 
reaggregation in the series of methylated starches is significant in this connection. 

It seems probable, therefore, that in starch there are present extremely large molecules 
built up of repeating units containing some 30 glucose residues, each unit being joined by a 
glycosidic link to another such unit, forming branched chains. It follows from this that 
for highly viscous, fully methylated starches, dimethyl glucose should be isolated in amount 
equal to that of the tetramethyl glucose. Owing to the difficulties of methylation it is not 
easy to obtain direct evidence on this point in the case of viscous methyl derivatives, which 
usually give rise to dimethyl glucose in any case, owing to incomplete methylation, but it is 
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true that for such derivatives the amount of dimethyl glucose observed is never less than 
the amount of “ tetra.” Complete methylation of the disaggregated starch proceeds much 
more readily and it is significant that in this case the amount of dimethyl glucose is less 
than with viscous methyl] derivatives and indeed is less, as it should be theoretically, than 
the amount of tetramethyl glucose (for a molecule of three units of 30 glucose residues each, 
there will be two “‘ dimethyl ’’ residues for every 3 ‘‘ tetramethyl ’’ residues). 

At present there is no definite knowledge concerning the precise positions in the chains 
of the various repeating units at which the glycosidic group of the next unit is attached, 
and much further work will be required for the solution of this particular problem. That 
the attachment does involve a glycosidic group is indicated by the fact that starch has little 
or no reducing power in its natural state and that there is a definite increase in reducing 
power, without hydrolysis of the links within the repeating units, during the process of 
disaggregation. 

It is of special interest to find that the side-chain links undergo hydrolysis more readily 
than do the 1 : 4 links of the main chain, and an analogy for this has recently come to light 
in the course of work on methylated damson gum (Hirst and Jones, following paper), where 
a side chain glycosidic link has been 
found to hydrolyse more rapidly than 
the glycosidic links of the main chain. VETER OE PIRES TE 

Relationship between Viscosity and OF 

Molecular Weight of Methylated Starches. - 
—The recent work of Carter and Record Be L 
(this vol., pp. 660, 664) provides the eho 
most accurate osmotic-pressure measure- 
ments hitherto recorded for methylated 
polysaccharides, and enables a critical 5F 
test to be made of the accuracy of the } 
Staudinger equation (%p.. = k»,cM) as 
applied to methylated starches. In 
Fig. 1 a graph has been drawn showing 
the relationship between the molecular 
weight, determined osmotically, and OL as sagt bentmeto Lgl 
the 9 ay ange for unit wo ce. Molecular weight (by osmotic pressure). 
tion (%p./c) (c is given in g. C.C.).- grreenes seal 
Although it is apparent that the Viscosity |Molecular Relationship for Methylated Starches. 
above equation does not apply in its simple form, the fact that the observed points lie 
regularly on the line shown in the graph provides an empirical method for the calcu- 
lation of molecular weights from viscosity data in this series. We have accordingly 
usec this graph in order to obtain the molecular weights recorded in Table I and in the 
experimental section. Certain of the higher values were found by extrapolation. In 
view of the empirical nature of the relationship employed, the numerical values given are 
to be regarded as approximate, but it seems probable that the figures are of the correct 
order of magnitude and that they give an accurate picture of the relative molecular sizes. 
In the case of the acetates we have no direct osmotic-pressure measurements by Carter and 
Record’s method, and for the few acetates mentioned the molecular weights shown are to 
be regarded as provisional. They have been obtained by using Staudinger’s equation with 
the value of the constant R,, (0-93 x 10“) given by Staudinger and Husemann (Amnalen, 
1937, 527, 195) for a different series of acetates. 

It will be seen that the viscosity-molecular weight relationship for methylated starches 
gives an approximately straight line for derivatives of molecular weights from 20,000 to 
150,000, for which a modified equation * yy, = k’_cM +- ais valid, where k', = 1-3 x 10-4, 
Below 20,000 a different type of relationship holds, k’,, is no longer constant, and the slope 
of the curve tends towards that observed by Staudinger for the cellulose series, for which 
km = 10. An interesting possibility is thus revealed in that methylated starch may 

* In these instances concentrations are to be expressed in the units employed by Staudinger, namely, 
g.-mols. of methylated glucose residue per litre, i.c., 0-049 x conc. in g./100 c.c. 


Fie. 1. 
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represent an intermediate stage between the compact, rigid molecules of glycogen, for which 
the Staudinger equation breaks down completely,.and the long unbranched chains present 
in cellulose and the cellodextrins. The picture we have given of starch indicates a large 
molecule with numerous branched chains, which will be more compact in shape and more 
rigid than the straight chain present in cellulose. The modified Staudinger equation is 
followed by methylated starch derivatives of molecular weight 20,000 (corresponding to 
three repeating units) and upwards, but in the course of disaggregation beyond this stage 
it is to be expected that the shape of the molecule will change abruptly and must then 
approximate more closely to that of the straight-chain type of cellulose, with the result 
that the viscosity constants tend to become similar to those observed for the cellulose 
series. If this explanation proves to be correct, the present observation may point to a 
possible extension of the use of viscosity data as a guide to molecular shape. 

The point of special importance derived from the ultracentrifuge examination is the 
evidence concerning the molecular weight and essential homogeneity of the disaggregated 
methylated starch, but it may be mentioned that other far-reaching problems are implicated 
by Dr. Philpot’s interpretation of the ultracentrifuge results as indicating a spherical shape 
for the molecule of disaggregated methyl starch. If this is so, it would appear that mole- 
cules which according to ultracentrifuge evidence are approximately spherical in shape, 
behave in their viscosity relationships very similarly to the long rod-shaped particles 
demanded by Staudinger’s theory (for the condition of potentially rod-shaped molecules in 
solution, compare the views of Kuhn, Z. physikal. Chem., A, 1932, 161, 1; Sakurada, 
Naturwiss., 1939, 25, 523; Huggins, J. Physical Chem., 1939, 48, 439). It is obvious, 
however, that in the present state of knowledge concerning these starch derivatives it is 
not possible to discuss usefully the relationship between molecular shape in solution during 
viscosity determinations and during ultracentrifuge measurements, and we propose at 
present to confine ourselves to the general observations outlined above. 


EXPERIMENTAL. 


The rice-starch used showed a purple coloration with aqueous iodine and had the following 
properties: (a) [«]}® + 152° in n-sodium hydroxide (c, 0-4); (b) distillation with 12% hydro- 
chloric acid gave no furfural; (c) 0-45% of carbon dioxide was liberated on heating with the 
same reagent under the conditions used for the estimation of uronic acid groups, but this amount 
has been shown (Campbell, Hirst, and Young, Nature, 1938, 142, 912) to arise from decomposition 
of the constituent hexose, and uronic acids are therefore absent; (d) copper number (Schwalbe— 
Braidy method) ca. 0-1 g. of copper per 100 g. of starch; (e) acid number : 1 g. of starch required 
0-05 c.c. of 0-1n-alkali for neutralisation (Found: P,O,, 0-04; N, 0-05; moisture content of 
air-dried sample, 13-0; ether-soluble constituents, 0-4%). 

Acetylation.—(a) By acetic anhydride in the presence of sulphur dioxide and chlorine. Air- 
dried starch (20 g.) was precipitated from a 3% starch paste by addition of alcohol, and after 
being washed with alcohol and then ether, was suspended in glacial acetic acid (60 g.) containing 
alittle chlorine. After 30 minutes at room temperature, acetic anhydride (100 g.), through which 
sulphur dioxide had been bubbled, was added slowly with mechanical stirring. The temperature 
was kept below 60° by external cooling and the mixture was then stirred at 50° for 3 hours. 
The clear, viscous liquid was poured into water (3 1.) and the precipitated acetate was washed 
continuously with water until free from acid, filtered off, and dried at 80° in a vacuum (yield, 
89% of the theoretical). The crude acetate (A) was purified by precipitation from chloroform 
solution (350 c.c. containing 50 c.c. of absolute alcohol) by ether (500 c.c.). 428° 0-32 in m-cresol 
(c, 0-4), corresponding to an apparent molecular weight of 250,000 (Found : CH,°CO, 44-6. Calc. 
for C,.H,,0,, 448%). Sulphur, chlorine, and nitrogen were absent. 

In another experiment, 30 g. of air-dried starch, 180 c.c. of glacial acetic acid, and 300 c.c. 
of acetic anhydride were used, with a second application of the catalysts. The acetate (B), 
isolated in 85% yield, had [a]}" + 174°, 72° 0-494 in m-cresol (c, 0-4), corresponding to an apparent 
molecular weight of 380,000 (Found : CH,°CO, 44-5%). 

(b) By acetic anhydride and pyridine. The acetylation was carried out in a similar manner 
to that described for wheat starch (Hirst and Young, this vol., p. 951). After addition of the 
reagents, the temperature was kept below 70° by cooling. The solution was then stirred at 
room temperature for 7 hours, diluted with an equal volume of glacial acetic acid, and poured 
into cold water (21.). The acetate was washed continuously with running water for 36 hours 
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and dried in a vacuum at 80° (yield, 38 g., 92% of the theoretical) [acetate (C)]. {a]?° + 171° in 
chloroform (c, 055%). 730° 0-93 in m-cresol (c, 0-4), corresponding to an apparent molecular 
weight of 720,000 (Found : CH,°CO, 44:7%; iodine number, 0-2 c.c. of 0-1N-iodine for 1 g.). 

Methylation of Rice Starch.—(a) Direct methylation of precipitated rice starch at 20°. The 
starch was prepared by precipitation from an aqueous paste by alcohol in the usual manner, 
and was then methylated at room temperature with methyl sulphate and 30% caustic soda 
solution as previously described for wheat starch (Hirst and Young, /oc. cit.), but air was not 
excluded during the process (yield, 60—70%). The product [30 g., methyl rice starch (D)] 
was fractionally precipitated from chloroform by light petroleum (b. p. 60—80°), giving fractions 
with the following properties : (1) 8-0 g., [a]>” + 211° in chloroform (c, 0-85), 720° 1-37 in m-cresol 
(c, 0-4), corresponding to an apparent molecular weight of 520,000 (Found: OMe, 43-0%); 
(2) 120 g., [a]? +- 213° in chloroform (c, 1-13), 420° 1-04 in m-cresol (c, 0-4), corresponding to an 
apparent molecular weight of 385,000 (Found : C, 62-4; H, 7-6; OMe, 44-4. Calc. for a methyl 
starch of this methoxyl content: C, 52-7; H, 7-8%); (3) 7-4 g¢., ne" 0-70 in m-cresol (c, 0-4), 
corresponding to an apparent molecular weight of 250,000 (Found : OMe, 45-4%). 

(b) Divect methylation of ‘‘ prepared ’’ rice starch at 55°. The “‘ prepared ’”’ starch, dissolved 
in 30% caustic soda solution (360 c.c.), was methylated with six half-hourly additions of methyl 
sulphate (180 c.c. in all) at 55°. After the last addition, the temperature of the bath was raised 
to 100° for 30 mins. Otherwise the procedure was similar to that described previously ; air was 
not excluded. The product [methyl rice starch (E)] was fractionally precipitated from chloro- 
form by light petroleum, giving the following fractions: (1) 3-7 g., [«]?° + 206° in chloroform 
(c, 0-38), 28° 0-55 in m-cresol (c, 0-4), corresponding to a molecular weight of 190,000, m. p. 
200° (decomp.) (Found : OMe, 43-0%); (2) 5-9 g., [«]>” + 212° in chloroform (c, 0-37), 73%" 0-70 
in m-cresol (c, 0-4), corresponding to an apparent molecular weight of 250,000, m. p. 190° 
(decomp.) (Found: C, 52-9; H, 7-4; OMe, 43-5; P, nil. Calc. for a methyl starch of this 
methoxyl content : C, 52-6; H, 77%); (3) 4:1 g., [«]®” + 208° in chloroform (c, 0-38), 72° 0-58 
in m-cresol (c, 0-4), corresponding to an apparent molecular weight of 205,000, m. p. 186° 
(decomp.) (Found: OMe, 435%); (4) 5-7 g., 730° 0-31 in m-cresol (c, 0-4), corresponding to an 
apparent molecular weight of 95,000 (Found: OMe, 41-6%). 

(c) Direct methylation of native rice starch at 20° in an atmosphere of nitrogen. The starch 
(granules, 30 g.) was well mixed with cold water (150 c.c.), and 30% caustic soda solution 
(100 c.c.) added with stirring. A gel formed and this was dispersed by addition of water (50 
c.c.), Methylation was then carried out at room temperature in the usual way, in a stream of 
nitrogen. After eight methylations, a sample had 45-4% OMe. The product [methyl rice 
starch (F)] was purified as previously described. Yield, 75% of the theoretical. The following 
fractions were obtained : (1) 0-6 g., 730° 1-50 in m-cresol (c, 0-4), corresponding to an apparent 
molecular weight of 560,000 (Found: OMe, 43-3%); (2) 34-0 g., [a]? + 205° in chloroform 
(c, 0-50), 30° 1-39 in m-cresol (c, 0-4), corresponding to an apparent molecular weight of 525,000 
(Found: OMe, 42-9%); (3) 8-2 g., [a]? + 210° in chloroform (c, 0-89), 720° 1-08 in m-cresol 
(c, 0°4), corresponding to an apparent molecular weight of 400,000 (Found: OMe, 44:5%); 
(4) 3-5 g., 726° 0-51 in m-cresol (c, 0-4), corresponding to an apparent molecular weight of 175,000 
(Found: OMe, 45-7%). 

(d) Simultaneous deacetylation and methylation of the acetate (B) at 55°. The acetate (prepared 
by using sulphur dioxide and chlorine catalysts, p. 1476) was dissolved in acetone (400 c.c.) and 
treated at 55° with methyl sulphate (100 c.c.) and 30% caustic soda solution (280 c.c.) added in 
ten equal portions at 10-minute intervals, in a stream of nitrogen. Otherwise the procedure 
was similar to that described above. After five methylations, a sample had 44:0% OMe. The 
following fractions [methyl rice starch (G)] were obtained: (1) 4-5 g., 2° 1-57 in m-cresol 
(c, 0-4), corresponding to an apparent molecular weight of 600,000 (Found: OMe, 43-1%); 
(2) 7-9 g., []2" + 212° in chloroform (c, 0-54), 730° 1-34 in m-cresol (c, 0-4), corresponding to an 
apparent molecular weight of 510,000 (Found : OMe, 43-1%). 

A small sample of acetate (A) (prepared by using sulphur dioxide and chlorine catalysts, 
p. 1476) was methylated as above for comparison of the viscosity of the product. After ten 
methylations the product was isolated in 70% yield; 730° 0-487 in m-cresol (c, 0-4), corres- 
ponding to an apparent molecular weight of 166,000 (Found : OMe, 43-8%). 

(e) Methylation of acetate (C) at 55°. The acetate (16 g., prepared by use of acetic anhydride 
and pyridine, p. 1476) was methylated as described above (d), in an atmosphere of nitrogen. 
After ten methylations the methoxyl content was 43-3%. Yield, 11-5 g. (89% of the theoretical). 
[a]? 4- 208° in chloroform (c, 0-456), 72%" 1-75-in m-cresol (c, 0-4), corresponding to an apparent 
molecular weight of 670,000. 

5D 
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The Repeating Unit of Methyl Rice Starch.—(1) Hydrolysis of methyl rice starch (E), prepared 
by direct methylation of ‘‘ prepared”’ rice starch at 55° in air. The methyl starch (fractions 1, 
2, and 3; 10-91 g.) was treated with glacial acetic acid (55 c.c.) and air was removed from the 
viscous mass by evacuation. 5% Hydrochloric acid (108 c.c.) was added, and the mixture then 
heated on a boiling water-bath until the rotation became constant (24 hours). The acid was 
partially neutralised with barium carbonate (19 g.) and the remaining acetic acid was removed 
by vacuum distillation, with addition of water as required. The residual neutral aqueous 
solution (200 c.c.) was extracted with chloroform (10 c.c.) twenty times. The chloroform layers 
were dried over anhydrous magnesium sulphate, which was then filtered off and washed thoroughly 
with chloroform, The combined chloroform extracts were evaporated to dryness, leaving a 
syrup (H) (0-7 g.), which contained all the tetramethyl glucose and some trimethyl glucose. 
The aqueous layer from the chloroform extraction was evaporated to dryness in a vacuum and 
exhaustively extracted with boiling chloroform. The dried chloroform solution similarly gave 
syrup (J) (10-0 g.), which crystallised immediately. For convenience in manipulation, a portion 
of syrup (J) was added to syrup (H). Syrups (J) and (H) were then boiled separately with 2% 
methyl-alcoholic hydrogen chloride for 7 hours. The glucosides formed were isolated in the 
usual manner. Syrup (H) (6-3 g.) had a bulk refractive index n}* 1-4583; syrup (J) (5-2 g.) 
had mi§° 1-4593 (total recovery, 95% of the theoretical). 

After several fractional distillations, a vacuum-jacketed column being used, the following 
fractions were finally obtained : 

TABLE II. 


Constants 
used in 
Fraction. nis", estimation.* 
1 1-4487 (a) 1-4440 
(b) 1-4575 
14536 = (a) 11-4445 
(b) 1-4580 
1-4560 (a) 1-4450 
(b) 1-4580 
1-4583 
1-4607 
1-4630 


Still residue 


Total recOvery  ......cceccscccccecceccceee 10°25 0-31 8-81 0-78 
* (a) and (b) are the 16 values of the “‘ tetra” and “ tri” portions respectively present in these 
fractions, as estimated from rotational data (see Hirst and Young, J., 1938, 1247). 


The analysis of fission products, expressed as a percentage of the total recovery, was therefore : 
2:3:4: 6-tetramethyl methylglucoside (end group), 3-3%; 2:3: 6-trimethyl methylglucoside, 
86% ; dimethyl methylglucosides, 7-6%. This amount of end-group corresponds to a repeating 
unit of chain length of 33 glucose residues. 

(2) Hydrolysis of methyl rice starch (D), prepared by direct methylation of precipitated rice 
starch at 20°. 10°85 G. off raction D (2) (p. 1477) were hydrolysed in the manner described above. 
The glucoside formation of the syrups was effected by 3% methyl-alcoholic hydrogen chloride. 
After successive distillations the following fractions were obtained ; 


Constants Wt. Wt. Wt. 
used in Wt., %. “gt? > ae” %. ** di,” 
Fraction. nis*, estimation.* g- “* Tetra.” g. g- cae) Mag g- 
1 1-4480 (a) 1-4440 0-32 0-22 0-10 — 
(b) 1-4540 
2 1-4525 (a) 1-4445 0-33 0-19 — 
(b) 1-4580 
3 1-4571 (a) 1-4450 0-19 ; 0-17 —_ 
(b) 1-4585 
4 1-4594 0-19 0-19 
5 1-4600 8-25 8-25 


6 1-463 1-18 0-71 40 
PROUD snipes exces beshenensni ctaees eden 0-42 = —— 


Total recovery yi 9-61 
* See note under Table ITI. 
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The analysis of fission products, expressed as a percentage of the total recovery, was therefore : 
2:3: 4: 6-tetramethyl methylglucoside (end-group), 3-5%; 2:3: 6-trimethyl methylglucoside, 
88%; dimethyl methylglucoside, 4:3%. This amount of end-group corresponds to a repeating 
unit of chain-length 29 glucose residues. 

(3) Hydrolysis of methyl rice starch (G), prepared by methylation of an acetate at 55° in an 
atmosphere of nitrogen. This material (fractions 1 and 2; 10-57 g.) was hydrolysed with acetic 
and hydrochloric acids as above. After neutralisation of the mineral acid with barium carbonate 
and removal of the acetic acid by distillation in steam, the dried residue was exhaustively 
extracted with benzene in an attempt to make a preliminary separation of dimethyl glucoses 
by the method used by Bell (Biochem. J., 1935, 29, 2031). It was found, however, that the benzene 
extract contained a considerable amount of dimethyl glucose as well as the higher methyl 
glucoses. Glucoside formation of the syrups, isolated as before, was effected with boiling 1% 
methyl-alcoholic hydrogen chloride for 5} hours. 

After fractional distillation at 0-001 mm. pressure, the following fractions, containing 
tetramethyl methylglucoside, were obtained : 

Constants used in %. Wt. 
Fraction. Wt., g. nis°, estimation.* “ Tetra.” “ tetra,”’ g. 
1 0-26 1-4462 (a) 1-4435 80 0-21 
(b) 1-4570 
2 0-31 1-4541 (a) 1-4440 25 0-08 
(b) 1-4570 
3 0-14 1-4547 (a) 1-4445 22 0-03 
(b) 1-4575 —. 
0-32 


* See note under Table II. 


This amount of tetramethyl methylglucoside (together with the 10% correction for loss 
required when calculated on the theoretical yield of glucosides) corresponds to 2-9% of the total, 
giving a chain length of 34 glucose residues for the repeating unit. 

(4) Hydrolysis of methyl rice siarch (F), prepared by direct methylation of native rice starch, 
in an atmosphere of nitrogen. The simultaneous hydrolysis of fraction F (3) (7-50 g.) and glucoside 
formation of the fission products were effected by boiling with 3% methyl-alcoholic hydrogen 
chloride for 8 hours. The glucosides were isolated in the usual manner, and fractional distill- 
ation at 0-001 mm. gave the following fractions : 

Constants Wt. Wt. Wt. 
Wt., used in %. **' tet,” “ees,” %. ai,” 
Fraction. g. nis*, estimation.* ‘‘ Tetra.” g. g. “i.” g. 
1 0-30 1-4506 (a) 1-4440 51 0-15 0-15 — ~ 
(b) 1-4575 
0-58 1-4557 (a) 1-4445 17 0-10 0-48 — — 


2 
(b) 1-45380 
3 0-27 1-4573 (a) 1-4450 5 0-01 0-26 — — 
(b) 1-4580 
4 3:96 1-4585 0 -- 3-96 a — 
5 2-27 1-4599 —- — 2-05 10 0-22 
6 0-11 1-4648 ae = 0-06 45 0-05 
Residue : 0-41 


7-90 0-26 6-96 0-27 
* See note under Table II. 


The analysis of the fission products, expressed as a percentage of the total recovery, was there- 
fore: 2:3:4:6-tetramethyl methylglucoside, 3:3%; 2:3: 6-trimethyl methylglucoside, 
88% ; dimethyl methylglucosides, 3-4%. This amount of end-group corresponds to a repeating 
unit with a chain length of 30 glucose residues. 

The identity of the 2: 3: 4: 6-tetramethyl methylglucoside and 2: 3 : 6-trimethyl methyl- 
glucoside from the hydrolyses was established in the usual manner by the isolation from the 
respective fractions of crystalline 2: 3: 4: 6-tetramethyl glucose, m. p. 82—84°, [a]? +- 82-5° 
(equilibrium) in water (OMe, 49-2%), and 2: 3: 6-trimethyl glucose, m. p. 113°, [«]}” + 69-4° 
(equilibrium) in water (OMe, 42-1%). 

Methylation of the dimethyl methylglucosides from the hydrolysis products by Purdie’s 
method gave tetramethyl methylglucoside in good yield (nj 1-4437; OMe, 61-4%). The 
possibility of the presence of substituents other than the methyl groups is therefore excluded. 

The Disaggregation of Methyl Rice Starch.—Heat treatment in m-cresol solution. For these 
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experiments, the methyl starch [fraction E (3) p. 1477] was dissolved in m-cresol (containing a 
little water) and heated in a flask fitted with an air condenser, in an oil-bath at constant temper- 
ature. Air was removed from the flask at the beginning of the experiment by a streamofnitrogen, 
and the end of the condenser was then closed with a mercury trap. At intervals, samples 
(about 3 c.c.) were withdrawn, cooled, and filtered through a sintered glass filter, and the 
viscosity was determined in the usual manner in an Ostwald viscometer at 20° + 0-05°. 

At 100°, little diminution in viscosity was detectable after 2 days. At 150°, however, a 
regular decrease occurred, the figures being given below. The concentration was 0-4%. The 
presence of water appears to be essential for the disaggregation, and no disaggregation occurs 
in water or methyl alcohol in the absence of acid. 


Time, DIB. 0c ccccce see cesccsecsves 0 6 11 13 24 29 
aot ttteteeneneeee seen ene ees enees 0-59 0-19 0-14 0-13 0-11 0-10 
Apparent mol. wt. ............+. 205,000 47,000 27,000 24,000 16,000 13,000 
Disaggregation by oxalic acid. A more convenient reagent was found in a solution of crystal- 
line oxalic acid (1 g.) in methyl alcohol (75 c.c.) and water (25 c.c.) (pg ca. 1-8 from E.M.F. 
measurements). In preliminary experiments, a 2-5% solution of the material [fraction D (1)] 
was boiled in the acid methyl alcohol. At intervals, samples were removed. The product 
was recovered from the sample by adding excess of alkali, removing the methyl alcohol in a 
vacuum (with addition of water), and filtering the boiling water from the white precipitate 
through cloth. The filtrate in all cases was non-reducing to Fehling’s solution. The precipitate 
was dissolved in acetone and dried over anhydrous sodium sulphate, which was then centrifuged 
off. The acetone solution was concentrated, and the product was precipitated and triturated 
with excess of light petroleum, giving a flocculent white powder. It was dried in a vacuum at 
100°, and the viscosity in m-cresol solution (0-4%) determined as usual :* 
Tiame, B88, .0ccv cece cocceecosees scenes 0 10 42 142 212 
me” (c, 0-4) . RATA E RS IE I 1:37 0-63 0-25 0-13 0-13 
Apparent mol. we. coccscccoscesce, GS0,000 220,000 78,000 23,000 23,000 
(a)? in chloroform + 211° + 207° — — + 209° 


Investigation of the Disaggregated Material.—The methylated rice starch [fraction F (2)], 
before disaggregation, had [a]?” + 205° in chloroform (c = 0-50), 728° 1-39 in m-cresol (c = 0-4),” 
corresponding to an apparent molecular weight of 530,000 rooted oy OMe, 42-9%). 33 G. were 
boiled under reflux with 360 c.c. of 4% aqueous oxalic acid solution and 1500 c.c. of methyl 
alcohol for 212 hours. The methyl alcohol was then removed in a vacuum and the product 
was precipitated from the boiling solution after addition of excess of alkali. Neither filtrate nor 
precipitate reduced Fehling’s solution. A sample (X) was removed and purified as described 
above. It had the following properties: [«]}” + 209° in chloroform (c = 0-74), 720° 0-13 in 
m-cresol (c = 0-4), corresponding to an apparent molecular weight of 23,000, copper number 
(Schwalbe—Braidy method) ca. 0-01, iodine number 2-0 (10 c.c. of N-caustic soda and 10 c.c. of 
n/10-iodine being used) (Found: C, 52-7; H, 7-9; OMe, 43-9; ash, 0-9; moisture, 0-6%. 
Calc.: C, 52-7; H, 7-8%). 

The viscosity of a solution (1%) in chloroform also remained constant during 26 hours. 
The most marked distinction from viscous methylated starches is in the high solubility in the 
usual solvents, in which it dissolves very rapidly. 

The bulk of the disaggregated material (25 g.) was dried in a vacuum after precipitation 
from boiling water, and was then dissolved in acetone and methylated with methyl sulphate 
and 30% caustic soda solution in the usual manner at 55°. After four methyiations, the 
methoxy] value had become constant (OMe, 45-6%), and the viscosity had decreased to 730" 0-05 
in m-cresol (c, 0-4). The product (isolated in 75% yield) was purified as usual and frac- 
tionally precipitated from chloroform solution by light petroleum (b. p. 60—80°), giving the 
following fractions, isolated as flocculent white solids : 

. al Apparent [a]?0° in 
Fraction, OMe, %. (c, 0-4). mol. wt, CHCI,. 
44-4 0-26 73,000 
45-2 0-17 40,000 
45-9 0-13 23,000 + 226° 
45-1 0-12 20,000 
45-1 0-12 “20,000 + 224 
45-5 0-10 13,000 


* These results are qualitative only, as the temperature was not strictly controlled. The kinetics of 
the disaggregation reaction will be considered in another paper. 
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Concentration of the solution remaining after precipitation of fraction 6 gave 0-5 g. of solid 
(n38° 0-03 in m-cresol, c 0-4). No syrupy degradation products were found. 

Properties of fractions (3), (4), and (5). These fractions were so closely similar as to be 
indistinguishable from one another. M. p. ca. 130° with previous sintering (much lower than 
that of the original viscous methylated starch, which had m. p. ca. 200°). The solubilities of 
the disaggregated material were much greater in cold water and in organic solvents than those of 
the original methylated starch. 

From measurements of the osmotic pressure of aqueous solutions of fractions 3—5 the 
molecular weight appeared to be about 15,000—20,000. We are indebted to Dr. Carter and Mr. 
Chambers of the University of Birmingham for determining the molecular weight of a sample of 
fraction (5) in chloroform. From the observed osmotic pressure, they estimate the molecular 
weight to be 20,500. 

In an appendix to this paper, Mr. J. St. L. Philpot describes the behaviour of fraction (5) 
in the ultracentrifuge, the results indicating the essential homogeneity of the sample. The 
sedimentation constants were 2-2 x 10% and 2-0 x 10”! at concentrations 0-15% and 0-85% 
respectively, in 0-2m-sodium chloride plus 0-0lm-potassium dihydrogen phosphate. The 
equation M,,,. = N[(6mns)*/2/(1 — vp)]+/3u/4m, where M,,,, is the minimum molecular weight, 
7 the viscosity (0-0101), s the sedimentation constant, p the density at 20° (0-9982), N Avogadro’s 
constant (6-077 x 105), and v the partial specific volume (0-76), gives the minimum molecular 
weight as 18,700 (see appendix note by J. St. L. Philpot) (Found for fraction 5: C, 53-1; 
H, 7:8. Calc.: C, 52-9; H, 7-8%). 

Hydrolysis of the Remethylated Disaggregated Compound.—Material from fractions 3, 4, 5, and 
6 (preceding table) (8-57 g.) was hydrolysed by acetic acid and hydrochloric acid as previously 
described. Concentration of the more fully methylated glucoses was effected by chloroform 
extraction of an aqueous solution. The dried syrups were boiled with 3% methyl-alcoholic 
hydrogen chloride for 54 hours to form the glucosides, which were then fractionally distilled at 
0-001 mm. pressure. The residue from the first fractionation was boiled with 1% methyl- 
alcoholic hydrogen chloride to complete the hydrolysis. The following fractions were finally 


obtained : 
Constants Wt. Wt. Wt. 
Wt., . used in %. ee tetra,”’ Lid tri,” % Ll di,”” 
Fraction. g. nie, estimation.* ‘‘ Tetra.” k g. | g. 
1 0-1 1-4435 (a) 1-4435 100 . — — — 
(b) 1-4570 
0-51 1-4563 (a) 1-4440 1l D 0-46 — — 
(b) 1-4575 
0-36 1-4567 a) 1-4450 . 0-34 _— 
te 1-4570 
5-45 1-4585 5-45 
1-00 1-4601 0-95 
0-24 1-4604 0-23 
0-17 1-4645 0-08 


Residue : 0-18 . * 7-51 


8-10 > * See note under Table II. 

The analysis of fission products, expressed as a percentage of the total recovery (88%), is 
therefore: 2:3:4:6-tetramethyl methylglucoside, 3-2%; 2: 3 : 6-trimethyl methylglucoside, 
92%; dimethyl methylglucosides, 1-:9%. This amount of end-group corresponds to a repeating 
unit of 31 glucose residues. 


The authors thank Dr. S. R. Carter and Dr. W. T. Chambers of the University of Birmingham 
for undertaking osmotic-pressure measurements on samples of methylated starch, Mr. J. St. L. 
Philpot of Oxford University for carrying out the ultracentrifuge examination, the Colston 
Research Society and Imperial Chemicai Industries Ltd. for grants, and the Department of 
Scientific and Industrial Research for a maintenance grant awarded to one of them (G. T. Y.). 
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Addendum: Examination in the Ultracentrifuge. By J. St. L. Philpot (with technical 
assistance by E. Dodwell). 


The specimen of methylated disaggregated starch sent by Professor Hirst was examined 
at concentrations 0-15% and 0-85% in 0-2m-sodium chloride plus 0-01M-potassium 
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dihydrogen phosphate in a Svedberg oil-turbine ultracentrifuge at 64,000 r.pm. The 

sedimentation constants were 2-2 x 10-8 and 2-0 x 10“ respectively. The accompanying 

photograph (Fig. 2) was taken by the ‘‘ Diagonal Schlieren ’’ method, 70 minutes after 

top speed had been reached in the 0-85% solution. There is only one component, though 

the curve shows slight irregularities due to convection. 

Fic. 2. The homogeneity, as judged by the spreading of the 

boundary, seems fairly good; but quantitative tests for it 

are unsatisfactory with such small molecules. The 

sedimentation constant 2-2 x 107%, when combined with 

the partial specific volume 0-76 and the molecular weight 

20,500, gives a value 1-06 for the ratio of the frictional 

constants f/f, (compare Svedberg, Proc. Roy. Soc., 1939, 

B, 127, 4). This corresponds to a molecular axial ratio of 

about 0-4, or even closer to unity if there is hydration. The approximately spherical 

shape so indicated would explain the smallness of the effect of concentration on the 

sedimentation constant. Since the determination of the axial ratio is subject to very 
large errors, these conclusions are only provisional. 


I.am grateful to the Medical Research Council and the Nuffield Trust for financial assistance. 
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314. The Constitution of Damson Gum. Part II. Hydrolysis Products 
from Methylated Degraded (Arabinose-free) Damson Gum. 


By E. L. Hirst and J. K. N. Jones. 


The degraded arabinose-free polysaccharide (A) obtainable from damson gum 
(Hirst and Jones, J., 1938, 1178) has been converted into the fully methylated deriv- 
ative, which on hydrolysis gives 2: 3: 4: 6-tetramethyl d-galactose (1 part), 2: 4: 6- 
trimethyl d-galactose (1 part), 2:3: 4-trimethyl d-galactose (1 part), 4: 6-dimethyl 
d-galactose (1 part), 2: 3: 4-trimethyl d-glycuronic acid (1 part; provisional estim- 
ation), 2 : 3-dimethyl d-glycuronic acid (1 part; provisional estimation), and a small 
quantity of 2: 3: 4-trimethyl d-xylose (} part), together with an unidentified methyl- 
ated derivative of d-mannose. The methods by which these sugars have been separated 
and identified, and their relative proportions estimated, are described. The meaning 
of these results in connection with the mode of linkage of the sugar residues present in 
the damson gum molecule is briefly considered. 


It has been shown (Hirst and Jones, J., 1938, 1174) that graded hydrolysis of damson gum 
gave a polysaccharide (A), which was free from combined arabinose and contained the 
following sugars in the proportions indicated: d-glycuronic acid (1 part), d-mannose (1 
part), and d-galactose (approximately 2 parts). In addition, a small amount of d-xylose 
(ca. 3%) was present. The polysaccharide (A) has now been converted into the fully 
methylated derivative by use of the thallium hydroxide method of methylation (compare 
Hirst and Jones, J., 1938, 502). Fractionation of this methylated derivative failed to give 
portions differing materially from one another and it appeared to be essentially a homo- 
geneous substance. 

Like the original polysaccharide, methylated damson gum (A) readily underwent 
partial hydrolysis on treatment with n-hydrochloric acid, but there remained an acidic 
portion which was markedly resistant to hydrolysis and could be hydrolysed only with 
difficulty by boiling 4% methyl-alcoholic hydrogen chloride. Seven different sugar deriv- 
atives were recognised as hydrolysis products, namely, 2:3:4-trimethyl d-xylose, 
2:3:4:6-tetramethyl d-galactose, 2:3:4-trimethyl d-galactose, 2:4: 6-trimethyl d- 
galactose, 4:6-dimethyl d-galactose, 2:3:4-trimethyl d-glycuronic acid, and 2: 3- 
dimethyl d-glycuronic acid. A derivative (or derivatives) of mannose must also be present, 
but the identity of this mannose portion is as yet uncertain. 
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Proof of the identity of these substances was obtained as follows : 

(a) The 2:3: 4-trimethyl d-xylose was identified as the crystalline sugar and as the 
corresponding lactone. 

(b) The tetramethyl d-galactose was recognised in the form of its crystalline anilide. 

(c) Proof of the identity of the trimethyl galactoses depended on the separation of the 
anilides of 2: 3 : 4- and 2 : 4: 6-trimethyl d-galactose and on the isolation of the 2 : 4: 6- 
trimethyl §-methylgalactoside. A partial separation of a mixture of 2:3: 4-trimethyl 
galactose and 2 : 4: 6-trimethyl galactose can be effected by fractional distillation of the 
mixed trimethyl methylgalactosides, and in this way we were able to isolate in crystalline 
form 2 : 4 : 6-trimethyl 6-methylgalactoside. 

(d) Proof of the identity of the dimethyl galactose (I) depends on the following observ- 
ations. It crystallises as the monohydrate, and gives a crystalline anilide, m. p. 207°. 
With cold 1% methyl-alcoholic hydrogen chloride there is no downward change of rotation, 
the absence of a hydroxyl group on C, being thus indicated. The presence of a methoxyl 
group at C, was confirmed by oxidation of the sugar to the corresponding lactone (II), 
which, from its rate of hydrolysis, specific rotation, and the direction of mutarotation in 
aqueous solution, was identified as a 8-lactone. The lactone yielded with liquid ammonia 
a crystalline amide (III), which gave a positive Weerman reaction with sodium hypochlor- 
ite, indicating the presence of a free hydroxyl group at C,. Additional proof of the presence 
of a hydroxyl group at C, was obtained by transformation of the sugar into a crystalline 
osazone without loss of methoxyl. The sugar must therefore be either 3: 4- or 4: 6- 
dimethyl d-galactose. The latter view was shown to be correct, since (1) the osazone of 
the sugar was identical with one isolated from 2 : 4 : 6-trimethyl d-galactose after loss of 
methoxyl at C, (Percival and Somerville, J., 1937, 1618); (2) when the p-toluenesulphonyl 
derivative of the dimethyl methylgalactoside was heated with sodium iodide in acetone, 
no entry of iodine into the sugar nucleus took place, indicating the presence of a methoxyl 
group at C, (Oldham and Rutherford, J. Amer. Chem. Soc., 1932, 54, 366); (3) the amide 
on treatment with sodium hypochlorite gave a product (probably IV), the rotation of 
which pointed to the formation of a derivative of lyxofuranose rather than to the production 
of a derivative of lyxopyranose (for comparative rotation values, see Haworth and Hirst, 
J., 1928, 1221; Bott, Hirst, and Smith, J., 1930, 658); (4) the constants for 3 : 4-dimethyl 
galactose were kindly supplied to us by Dr. D. J. Bell of Cambridge University, and these 
were entirely different from those of the above dimethyl d-galactose. 

(e) Proof of the identity of the trimethyl glycuronic acid was furnished by its conver- 
sion into crystalline 2 : 3 : 4-trimethyl saccharolactone methyl ester. 


CH,-OMe CH,-OMe CH,OMe 
wer H MeO —oO MeO Lou 
i =X Ee SCO Kf x CONE, 
H || ‘OH prey pers 
H H H OH H OH 
(I.) (IL.) (III.) 


CO,H ¢co— 
H-C-OMe H-C-OMe 6 CH,-OMe 


MeO-C-H MeO-C-H Pon 
H-C=0 H: ; aX 
¢ ‘= v \ou 
H-¢—0O * CO,Me H H 
CO,H 


hiolel 
(VI.) (V.) (IV.) 


(f) The dimethyl glycuronic acid after oxidation, followed by esterification and distil- 
lation of the product, gave crystalline 2 : 3-dimethyl d-saccharolactone methyl ester (V), 
which with methyl-alcoholic ammonia gave 2 : 3-dimethy] d-saccharamide identical with a 
specimen previously prepared by Dr. F. Smith of Birmingham University. Further proof 


MeO 


H-C-OH H 
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of identity was provided by the observation that the barium salt of the dimethyl saccharic 
acid reacted with periodic acid, giving glyoxylic acid (VI), thus proving the presence of two 
adjacent hydroxyl groups, one of which must have been next to a carboxyl group. It 
follows, therefore, that the two methoxyl groups are attached to C, and C, of the glycuronic 
acid molecule. 

Because of the number of the substances involved and their similar properties, the 
quantitative estimation of the sugars obtained after hydrolysis presented no easy problem. 
A variety of methods, including refractive index and rotation data, isolation of crystalline 
derivatives, etc., was employed in obtaining the approximate figures given in Table I. 
The most useful procedure was based on the yields of the crystalline anilides corrected by 
a factor derived from the yield of anilide obtained from the pure sugar under similar 
experimental conditions. Some 82% of the distilled methyl glycosides were accounted 
for, and it appeared that 2: 3:4: 6-tetramethyl galactose, 2 : 3 : 4-trimethyl galactose, 
2:4:6-trimethyl galactose and 4: 6-dimethyl galactose are present in approximately 
equimolecular proportions, and the amount of 2 : 3 : 4-trimethyl xylose is about one sixth 
of that observed for each of the above sugars. All these sugars must be present in the 
polysaccharide as pyranose residues. 

It has not been possible to identify the mannose residue which was present partly 
amongst the distilled methyl glycosides and partly as incompletely hydrolysed material 
in the undistillable residue of the uronic acid portion (fraction D). The experimental 
difficulty in the latter case lies mainly in the resistance to hydrolysis of the glycosidic link 
between the glycuronic acid and the mannose residues. The observed yields of tri- and of 
di-methyl glycuronic acid are therefore low and there is some uncertainty regarding the 
relative proportions of the tri- and di-methyl derivatives. The observed ratio (1-1: 1) 
points to their occurrence in equimolecular proportions and, if it is assumed that the 
difficulty of hydrolysis affects similarly the portions of the gum molecule which give tri- 
and di-methyl glycuronic acid respectively (which is probable, in view of previous work 
on the mode of attachment of the glycuronic acid residues to the mannose) the provisional 
conclusion is reached that the equimolecular ratio holds for the whole of the glycuronic 
acid residues. The total uronic acid content of the methylated gum is known accurately 
and it seems likely, therefore, that residues of 2 : 3: 4-trimethyl- and 2 : 3-dimethyl gly- 
curonic acid are present in the gum in the same molecular proportion as is found for each 
of the various methylated galactoses. 

One of the glycuronic acid residues, one galactose residue, and the xylose must be 
present in the repeating unit of the polysaccharide as end groups terminating side chains. 
The two trimethyl galactoses and the dimethyl glycuronic acid have two points of attach- 
ment (C,C3, C,C,, and C,C, respectively). The dimethyl galactose has three such points 
(C,C,C,) and the mannose is known to be attached at C, and C, and probably has other 
points of attachment also. It is obvious that a large number of formule can be built up 
from these data and, although there are limitations imposed by conditions such as the 
known attachment of glycuronic acid to C, of the mannose (Part I), it remains impossible 
to make a unique decision from the evidence now available. Many more of the potential 
structures can be eliminated by arguments based on a comparison of the hydrolysis pro- 
ducts from the methyl derivative of the undegraded gum with those now described. Accord- 
ingly, consideration of structural formule will be deferred until examination of the 
methylated undegraded gum is complete. 


EXPERIMENTAL. 


Methylation of Damson Gum after Removal of Combined Arabinose (Polysaccharide A).—The 
polysaccharide A (Hirst and Jones, J., 1938, 1178) (40 g.) was dissolved in water (200 c.c.), and 
3-7n-thallous hydroxide (300 c.c.) added with stirring. The precipitated thallium derivative 
was washed once with alcohol, dried at 60°/12 mm., and boiled with methyl iodide (300 c.c.) 
for 48 hours. Excess of methyl iodide was removed by distillation, and the residual solid 
extracted exhaustively with alcohol and then with water. The alcoholic and the aqueous 
solutions were combined and evaporated under diminished pressure at 50°. wN-Thallous hydr- 
oxide (100 c.c.) and the filtrate from the original preparation of the thallium complex were then 
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added, and the evaporation continued. To the dried and finely powdered solid, methyl iodide 
(300 c.c.) was added, and the mixture was boiled for 48 hours. The methyl iodide was distilled 
off, and the mixture of methylated polysaccharide and thallium iodide extracted with methyl . 
alcohol. The extracts were concentrated to a thick syrup, thallous ethoxide (200 g.) in benzene 
(200 c.c.) added, and the resulting semi-solid mass evaporated to dryness under diminished 
pressure. The powdered product was treated as before with methyl iodide (200 c.c.), giving 
the methylated polysaccharide A (38-6 g.) as a crisp cream-coloured powder (Found: OMe, 
38-7%). This, after one further treatment with thallium ethoxide and after a final methy]l- 
ation with silver oxide and methyl iodide, had OMe, 38-9% (yield, 38-0 g.). 

Fractionation of Methylated Polysacchavide A.—Successive additions of light petroleum to a 
solution of the methyl derivative in chloroform gave three fractions. (1) 3-4 g., [o:]#° + 2° 
(c, 0-95 in methyl alcohol), equiv. wt. 758 (by titration), »,, /c 0-05 (c, 1-0 in m-cresol), uronic 
anhydride 20-3% (calculated from the carbon dioxide evolved on boiling with 12% hydrochloric 
acid), OMe 41-2%. (II) 27-8 g., [a]? + 1° (c, 0-96 in methyl alcohol), equiv. wt. 723 (by titra- 
tion), 7,,,/c 0-04 (c, 1-0 in m-cresol), uronic anhydride (method as for fraction I) 20-7% (Found : 
C, 51-1; H, 7-7; OMe, 41-4%). (IIT) 4-1 g., [a]?” + 0° (c, 0-87 in methyl alcohol), equiv. wt. 
677 (by titration), Nep./¢ 0-04 (c, 1-0 in m-cresol), uronic anhydride (method as for fraction I) 
22-0%. 

Hydrolysis. The methylated polysaccharide (9-55 g. from fraction II) was heated at 90— 
95° in n-hydrochloric acid (100 c.c.) containing glacial acetic acid (20 c.c.) until the rotation 
became constant (6 hrs.). [a]?” + 16-5° (initial value); -+ 49-7° (3$ hrs.) and 51-8° (6 
hrs., constant vilue). The cooled solution was neutralised with silver carbonate, filtered 
before and after passage of hydrogen sulphide, aerated to remove the latter, neutralised with 
barium carbonate, and again filtered. The solution, which contained the uronic acids as their 
barium salts, was concentrated to a small volume (100 c.c.) and exhaustively extracted in an 
owes © appasatus with benzene. The benzene on concentration gave a mixture of ougurs 
(3-4 g., n° 1-4700), which were converted into their methyl glycosides (syrup B) (3-2 g.), nj" 
1-4505, we boiling for 7 hours with 2% methyl-alcoholic hydrogen chloride (50 c.c.) and were 
then fractionally distilled (see below). 

The aqueous solution after extraction with benzene was concentrated at 50°/12 mm. to a 
semi-solid mass, which was extracted with acetone, leaving insoluble barium salts. Removal 
of the acetone gave a syrup (6-0 g.) which still contained some barium salts. It was submitted 
to simultaneous glycoside formation and esterification by boiling with 4% methyl-alcoholic 
hydrogen chloride. Hydrochloric acid was then removed with silver carbonate, and the filtered 
solution evaporated to a syrup (5-50 g.), which was heated at 100° with n-barium hydroxide 
(13-1 c.c.) for 12 hours. The excess of barium hydroxide (1-2 c.c.) was removed with n- 
sulphuric acid, and the filtered solution concentrated to a syrup, which was dissolved in acetone 
(20 c.c.) and the barium salts were precipitated by addition of ether (100 c.c.). The filtered 
solution was then concentrated to a syrup (C) (4-05 g., n° 1-4672), which was fractionally dis- 
tilled (see below). 

The combined barium salts (4-7 g.) were boiled with 4% methyl-alcoholic hydrogen chloride 
(100 c.c.) for 12 hours. Hydrochloric acid was removed with silver carbonate, and the filtered 
solution concentrated to a syrup (D) (2-78 g.; ?° 1-4700), which was fractionally distilled. 

Fractional Distillation of (B).—Fraction I. Trimethyl methyl-d-xylopyranoside and tetra- 
methyl methyl-d-galactopyranoside (0-54 g.), b. p. 110—120°/0-003 mm. (bath temp.), nj” 
1-4418, [«]?° + 46° in water (c, 1-5), OMe 58-4%. 

Fraction II. Tetramethyl methyl-d-galactopyranoside and 2:4: 6-trimethyl methyl-d- 
galactoside (1-20 g.), b. p. 120—140°/0-003 mm. (bath temp.), 3" 1-4518, OMe 57-8%. 

Fraction III, 2:4: 6- and 2:3: 4-Trimethyl methyl-d-galactopyranosides (0-74 g.), b. p. 
140—154°/0-002 mm. (bath temp.), 3)" 1-4590, OMe 52-2%. 

At this stage of the distillation, Gente C (see above) was added to the still residue and 
distillation was continued, giving : 

Fraction IV. 2:4:6- and 2:3: 4-Trimethyl methyl-d-galactopyranoside (2-05 g.), b. p. 
140—150°/0-002 mm. (bath temp.), 73?" 1-4625, OMe 50-2%. 

Fraction V. 2:3: 4-Trimethyl methyl-d-galactoside and 4 : 6-dimethyl methyl-d-galactos- 
ide (1-08 g.), b. p. 150—160°/0-002 mm. (bath temp.), }" 1-4685, OMe 44-6%. 

Fraction ~~ Mainly 4 : 6-dimethyl methylgalactoside (0-56 g.), b. p. 160—170°/0-002 mm. 

(bath temp.), 2?" 1-4726, OMe 41-7%. 
. Fraction Vit. Mixture of dimethy! and monomethyl methylgalactosides (0-60 g.), b. p. 
170—220°/0-002 mm. (bath temp.), nf?" 1-4790, OMe 34-7%. 
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The undistillable residue, mainly decomposition products, weighed 0-3 g. 

Examination of Fractions I—VII.—Fraction I (0-54 g.) was dissolved in n-hydrochloric acid 
(30 c.c.) and heated at 95° for 4 hours. Hydrochloric acid was removed with silver carbonate, 
and the filtered solution concentrated at 40°/12 mm. The sugar was extracted with acetone, 
and was obtained as a syrup (0°45 g.), m2” 1-4585, [x]? + 57° (c, 1-0 in water), OMe 50-3%, 
(In a second hydrolysis experiment this fraction gave some crystalline 2: 3: 4-trimethyl 
d-xylose, m. p. 92° after recrystallisation from ether.) 

The syrup (0-43 g.) was boiled with alcohol (5 c.c.) containing aniline (0-4 c.c.) for 3 hours. 
On concentration tetramethyl d-galactose anilide (0-20 g.) crystallised, m. p. and mixed m. p. 
with an authentic specimen, 197°. The filtrate from the crystalline anilide was concentrated 
to a syrup, which was dissolved in n-hydrochloric acid (10 c.c.) and heated at 90—95° for 30 
minutes. Mineral acid was removed with silver carbonate and the filtered solution was extracted 
with light petroleum to remove aniline and concentrated to a syrup (0-30 g.), [a]? + 24-3° 
(c, 3-0 in water), which was oxidised with bromine (1 c.c.) in water (10 c.c.) at 40° for 8 hours. 
The excess of bromine was removed by aeration, and the solution neutralised with silver carbon- 
ate, filtered before and after passage of hydrogen sulphide, and evaporated to a syrup (0-25 g. ; 
n>” 1-4635), which gave on distillation crystalline 2: 3 : 4-trimethyl d-xylonolactone (0:16 g.), 
ni;* 1-4620 (superfused solid), m. p. 58° (after recrystallisation from ether—light petroleum), 
[a]? — 4-0° (c, 1-96; initial value in water); — 2-0° (1 hr.); + 2-0° (6$ hrs.); + 4° (10 hrs.) ; 
+ 15° (50 hrs.); + 20° (714 hrs.); + 23° (95 hrs., constant value); equiv. wt. 197; OMe 
50°2%. 

From the known values of the rotations of the free sugars and from the yield of anilide and 
of lactone, it is estimated that fraction I contained 50% of 2: 3: 4-trimethy]l d-xylose (0-25 g.) 
and 50% of tetramethyl d-galactopyranose (0-25 g.). 

Fraction II (1-17 g.) was dissolved in n-hydrochloric acid (40 c.c.) and heated at 90—95° for 
5 hours. [a«]}* fell from + 100° to + 87° (constant value). Mineral acid was removed as silver 
chloride, and the filtered solution concentrated in a vacuum to a syrup (1-05 g.), ni%" 1-4650, 
[a}#° + 92° (c, 1-2 in water). The sugar (1-0 g.) was boiled with aniline (0-95 c.c.) in alcohol 
(5 c.c.) for 3 hours. On concentration and cooling, the solution deposited tetramethyl] d-galac- 
tose anilide (0-90 g.) (m. p. and mixed m. p. 196°). The filtrate and washings on further con- 
centration deposited 2: 4 : 6-trimethyl d-galactose anilide (0-15 g.), m. p. and mixed m. p. with 
an authentic specimen prepared from 2: 4 : 6-trimethyl galactose, 179°. Our anilide was iden- 
tical with a sample of 2 : 4: 6-trimethyl galactose anilide which Dr. E. G. V. Percival of Edin- 
burgh University kindly sent us for comparison. [a]}’° — 92° (c, 1-1 in acetone; initial value) ; 
— 89° (} hr.); — 75° (1} hrs.); — 38° (3 hrs.); + 2° (64 hrs.); + 25° (8} hrs.); + 31° (11 
hrs.); + 38° (22 hrs.; constant value) (Found: C, 60-5; H, 7-4; N, 5-0. C,,;H,,0;N requires 
C, 60-5; H, 7-8; N, 47%). No2:3: 4-trimethyl d-galactose anilide could be detected. Since 
the observed yields, under the conditions mentioned, of tetramethyl galactose anilide and tri- 
methyl galactose anilide for the pure sugars are respectively ca. 80% and ca. 70% of the theoreti- 
cal, it is estimated that fraction II contained 0-9 g. of tetramethyl galactose and 0-17 g. of 
2:4: 6-trimethyl galactose. 

The mother-liquors from the crystallisation of the anilides were heated with n-hydrochloric 
acid (10 c.c.) at 90—95° for 1 hour. Hydrochloric acid was removed with silver carbonate, and 
the filtered solution extracted with light petroleum to remove aniline. Concentration of the 
aqueous solution gave a syrup (0-20 g.), m}~" 1-4755, which was dissolved in water (5 c.c.) and 
treated with bromine (1 c.c.) for 6 hours at 60°. The product, isolated in the usual way, was a 
syrup (0-20 g.), 3° 1-4690, which was distilled; b. p. 130—150°/0-002 mm. (bath temp.), ”>* 
1-4688, equiv. wt. 222, OMe 39-5%. The syrup behaved as a 8-lactone: [a]? + 105° (c, 3-4 
in water; initial value), falling to + 54° (72 hrs.). The lactone on solution in liquid ammonia 
gave a syrupy amide which gave a negative Weerman test, thereby proving the absence of a 
hydroxyl group on position 2. This shows the absence of 3: 4: 6-trimethyl d-galactose, and 
it follows that mannosé derivatives cannot be present in fraction II, since the partly methylated 
derivatives of mannose must have a free hydroxyl group on C, (see Hirst and Jones, Joc. cit.). 

Fraction III (0-74 g.) crystallised partly on standing and was drained on tile, giving 2: 4 : 6- 
trimethyl 6-methyl-d-galactoside (0-05 g.), m. p. and mixed m. p., with an authentic specimen, 
102°. The tile was extracted with ether, and the extracts concentrated to a syrup (0-65 g.), 
which was hydrolysed with n-hydrochloric acid (30 c.c.) at 90—95°; [a]? fell from + 87° to 
-+ 70° (constant value) in 4 hours. The product was isolated as before (see fraction II) and 
concentrated to a syrup (0°52 g.), n°" 1-4690, OMe 42-0%, [«]?” + 78° (c, 1-2 in water), which 
did not crystallise and was therefore converted into the anilides by boiling with aniline (0-3 c.c.) 
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in alcohol (10c.c.). When the solution was cooled, 2: 4 : 6-trimethy] d-galactose anilide (0-20 g.) 
separated, m. p. and mixed m. p. with an authentic specimen, 179°. Concentration of the mother- 
liquors gave a further quantity of anilide (0-25 g.), which consisted of 2:4: 6-trimethyl 
d-galactose anilide (0-10 g.) and 2:3: 4-trimethyl d-galactose anilide (0-15 g.). These were 
separated partly by flotation (2: 3: 4-trimethyl d-galactose anilide is the denser of the two) 
and partly by recrystallisation from acetone, in which 2: 3: 4-trimethyl d-galactose anilide is 
the less soluble. 2: 3: 4-Trimethyl d-galactose anilide crystallised in tablets, m. p. and mixed 
m. p. with an authentic specimen prepared by McCreath and Smith (this vol., p. 390), 170°, 
[«]>", — 68° (c, 0-82 in acetone) (Found: C, 60-4; H, 7-6; N, 4-9. Calc. for C,,H,,0,N : 
C, 60-5; H, 7-8; N, 4-7%). 2:4: 6-Trimethyl d-galactose anilide separated in long needles. 
The presence of a small quantity of either admixed with the other is readily detected by micro- 
scopic examination, and a mixture of the two anilides shows a large depression in m. p. 

These results show that fraction III contained 0-32 g. of 2: 4: 6-trimethyl d-galactose and 
0-16 g. of 2:3: 4-trimethyl d-galactose. The non-crystalline anilides were combined with 
material from other fractions (see below). 

Fraction IV (2-05 g.) was dissolved in n-hydrochloric acid (50 c.c.) and heated at 90—95° 
for 3} hours; [«]?” 108° (initial value) —> 85° (constant value). Mineral acid was removed 
with silver carbonate, and the filtered solution concentrated in a vacuum to a syrup (2-0 g.), 
ni 1-4718, [a]? + 90° (c, 1:1 in water), OMe 43-7%, which did not crystallise on nucleation with 
2:4: 6-trimethyl d-galactose. The anilides were formed by boiling the syrup with alcohol 
(10 c.c.), containing aniline (1-5 c.c.), for 2 hours. On concentration of the solution 2: 4 : 6- 
trimethyl d-galactose anilide (0-55 g., m. p. and mixed m. p. 179°) was obtained and on further 
concentration and addition of ether, mixed anilides (1-10 g.) crystallised; by fractionation from 
absolute alcohol these were separated into 2: 4: 6-trimethyl d-galactose anilide (0-17 g.) and 
2:3: 4-trimethyl d-galactose anilide (0-93 g.), m. p. 170°. The mother-liquors from the anilides 
were combined with material from other fractions (see below). 

These figures point to the presence of 0-77 g. of 2: 4: 6-trimethyl d-galactose and 1-0 g. of 
2:3: 4-trimethyl d-galactose in fraction IV. 

Fraction V (1-08 g.) was triturated with ether at —10°, and crystals of 4: 6-dimethyl «-8- 
methyl-d-galactosides (39 mg.), m. p. 163°, removed by filtration. The non-crystalline syrup 
(1-00 g.) was hydrolysed with n-hydrochloric acid (30 c.c.); [a]? fell from + 118° to 87° (equili- 
brium value) in 5 hours. The solution was neutralised with silver carbonate, filtered, and 
evaporated to a syrup (0-95 g.), n?” 1-4752, OMe 33-2%. 

The anilides were prepared by boiling the product with aniline (0-7 c.c.) in alcohol (10 c.c.). 
On removal of the solvent the anilides crystallised (0-55 g.); they were separated by recrystallis- 
ation from acetone into 2: 3: 4-trimethyl d-galactose anilide (0-25 g., m. p. 170°) and 4: 6- 
dimethyl d-galactose anilide (0-30 g., m. p. 207°) (for proof of structure see below). 2:4: 6- 
Trimethyl d-galactose appeared to be absent from this fraction. 

These figures indicate the presence of 0-27 g. of 2: 3 : 4-trimethyl d-galactose and 0-49 g. of 
4 : 6-dimethyl d-galactose in fraction V. 

Search for Methylated Mannose.—The non-crystalline anilides were combined with those 
from fraction III and fraction IV and hydrolysed with n-hydrochloric acid (50 c.c.) for 3 hours 
at 95°. The solution was neutralised with silver carbonate, filtered, and extracted with light 
petroleum to remove aniline. Concentration of the aqueous solution gave a syrup (1°16 g.), 
[a]}° +-64-8° (c, 11-6 in water), which contained some decomposition products (odour of carbyl- 
amine). It was boiled with 2% methyl-alcoholic hydrogen chloride (40 c.c.), giving the mixed 
methyl glycosides as a syrup (1-12 g.), which on distillation gave fractions Va and Vb. 

Fraction Va (0°38 g.), b. p. 128—132°/0-002 mm. (bath temp.), nj” 1-4592, OMe 50-2%, 
was hydrolysed with n-hydrochloric acid (20 c.c.) for 3 hours at 95°; [a]}* fell from + 92° to 
+ 72° (constant value). Hydrochloric acid was removed with silver carbonate, and the filtered 
solution evaporated to a syrup (0-34 g.), nif 1-4680, which was converted into the anilides by 
boiling with aniline (0-12 c.c.) in alcohol (6 c.c.). On cencentration of the solution 2: 4: 6- 
trimethyl d-galactose anilide (0-18 g., m. p. 179°) was obtained. No evidence of the presence 
of a crystalline anilide derived from methylated mannose could be obtained. 

Fraction Vb (0-64 g.), b. p. 136—170°/0-002 mm. (bath temp.), n}" 1-4685, [«]p + 86° in 
water, OMe 44%, was hydrolysed with n-hydrochloric acid (30 c.c.), and the solution worked up as 
described for fraction VIII, giving a syrup (0-60 g.), [«]?!" + 81° (c, 1-2 in water), n}* 1-4740, 
which was transformed into the anilide, and on concentration of the solution, 2 : 3 : 4-trimethyl 
. d-galactose anilide (0-25 g., m.p. and mixed m. p. 170°) was obtained. Again no crystalline 
derivative of mannose was obtained. 
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Fraction VI (0-55 g.) was triturated with ether to remove the crystalline 4 : 6-dimethyl a-B- 
methyl-d-galactoside (46 mg.), m. p. 163° (Found: C, 48-8; H, 8-1; OMe, 41-4. C,H,,0, 
requires C, 48-6; H, 8-2; OMe, 41-8%). This material on hydrolysis gave 4: 6-dimethy] a-d- 
galactose monohydrate, m. p. and mixed m. p. with the material described below, 105°. The 
syrup (0-50 g.) was hydrolysed with n-hydrochloric acid (30 c.c.) at 90—95° for 5} hours; [a]? 
+ 103° (initial value) fell to + 66°. Mineral acid was removed with silver carbonate, and the 
filtered solution concentrated at 50°/12 mm. to a syrup (0-45 g.), which slowly crystallised. 
Trituration with acetone and filtration gave 4 : 6-dimethyl a-d-galactose monohydrate (0-10 g.), 
m. p. 105°, [a]?” + 123° falling to + 82-0° (c, 3-7 in water). The acetone solution contained 
a syrup (0-35 g.), which was isolated and heated with aniline (0-3 c.c.) in alcohol (5 c.c.), giving 
0-20 g. of 4: 6-dimethyl d-galactose anilide, m. p. 207°. Since the yield of anilide from the 
pure sugar under these conditions is 50%, it appears that fraction VI contained in all approxim- 
ately 0-44 g. of 4: 6-dimethyl galactose. 

The non-crystalline anilides were converted into the sugars (syrup, [«]p + 58°) and thence 
by bromine oxidation into the lactones (syrup, equiv. wt. 201; OMe, 27%; [a]p, equilibrium 
value, + 31°), the amide from which gave a positive Weerman reaction. Again no definite 
evidence of the presence of mannose was obtainable. 

Identification of 4 : 6-Dimethyl d-Galactose.—Further quantities of the crystalline sugar were 
prepared from methylated damson gum in order to establish its constitution. 

(a) Anilide formation. The sugar (monohydrate, m. p. 105°) (0-18 g.) was heated with ani- 
line (0-5 c.c.) in alcohol (10 c.c.); on removal of the alcohol the anilide crystallised (0-12 g.). 
It was washed with alcohol and acetone; m. p. 207°, [a]? — 174° (c, 0-35 in pyridine) (Found : 
C, 58-9; H, 7-4; N, 5-3. C,4H,,O;N requires C, 59-2; H, 7-4; N, 5-0%). The anilide was 
insoluble in most organic solvents but was soluble in boiling dioxan and methyl] alcohol and in 
cold pyridine and aniline. Hydrolysis of the anilide with n-hydrochloric acid regenerated 
crystalline 4 : 6-dimethyl d-galactose monohydrate. 

(b) Osazone. The sugar, when heated with aqueous phenylhydrazine acetate solution 
containing a little sodium sulphite, gave 4 : 6-dimethyl d-galactosazone, m. p. and mixed m. p. 
with authentic samples provided by Dr. D. J. Bell and by Dr. E. G. V. Percival (see J., 1937, 
1618), 153° (Found: OMe, 16-0. Calc. for C,,H,,0,N,: OMe, 16-5%). The mutarotation 
of our sample in absolute alcohol solution was identical with that observed with Dr. Percival’s 
material. [a]? + 60° (c, 0-12; initial value); + 24° (17 hrs.); + 12° (23 hrs.); — 12° (42 
hrs.); — 24° (84 hrs.; constant value). 

(c) Reaction with methyl-alcoholic hydrogen chloride in the cold. The sugar (0-61 g.) in 1% 
methyl-alcoholic hydrogen chloride (10 c.c.) had [a}?° + 52°, rising slowly to + 58° in 60 hours. 

(d) 4: 6-Dimethyl d-galactonolactone. 4:6-Dimethyl d-galactose monohydrate (0-27 g.) 
was oxidised with bromine (1 c.c.) in water (3 c.c.) at 60° during 24 hours. The solution, worked 
up in the usual manner, gave the lactone (0-25 g.) as a syrup, which was slightly acidic in reaction 
and had [«]?* + 78° (c, 2-4 in methyl alcohol); + 91° (c, 1-2 in water; initial value, probably 
containing some acid); + 64° (22 hrs.); ++ 45° (60 hrs.; constant value) (Found : OMe, 32-2; 
equiv., 213. C,H,,O, requires OMe, 30-1% ; equiv., 206). Data for the crude undistilled lactone 
are given because a trial distillation showed that decomposition occurred at the high temperature, 
ca. 230°/0-002 mm., required for distillation. On solution in liquid ammonia, the lactone gave 
4: 6-dimethyl d-galactonamide monohydrate, m. p. 164° (with sintering at 100°), [a]?” + 54° 
(c, 2-0 in water) (Found: C, 40-1; H, 7-8; N, 5°9. C,H,,O,N,H,O requires C, 39-9; H, 8-0: 
N, 58%). The amide (22 mg.) on treatment with sodium hypochlorite under the conditions 
given by Weerman (loc. cit.) gave hydrazodicarbonamide (4-0 mg.), m. p. and mixed m. p. 258°, 
indicating the presence of a hydroxyl group at C,. When the reaction between the amide and 
sodium hypochlorite was complete, the rotation of the solution was [a], + 30°. Dimethyl 
lyxoses are unknown, but for qualitative comparison the rotations of trimethyl lyxofuranose 
(+ 41°) and trimethyl lyxopyranose (— 22°) may be utilised. 

Fraction VII (0-56 g.) was hydrolysed with n-hydrochloric acid (30 c.c.) at 95° for 4} hours; 
[a)}" + 89° (initial value) —-> + 55° (constant value). Mineral acid was removed with silver 
carbonate and the filtered solution was concentrated to a syrup, [a]? + 64° (c, 1-1 in water), 
which was converted into the anilide. Trituration of the partly crystalline product with ether 
gave 4 : 6-dimethyl d-galactose anilide (0-25 g.), m. p. and mixed m. p. with an authentic speci- 
men, 207°. From the yield of anilide it appears that fraction VII contained 0-37 g. of 4: 6- 
dimethyl galactose. 

Summary of Yields of Sugars in Hydrolysis Product.—From 9-55 g. of methylated polysac- 
charide, 6-82 g. of distilled methyl glycosides were obtained and of this quantity 5-6 g. have 








Fr —hlU OC SS SS ee 














[1939] The Constitution of Damson Gum. Part II. 1489 


been accounted for as methylated methylgalactosides and methylated methylxyloside, leaving 
methylated mannose unidentified. In the table all weights are given as free sugars, not as 
glycosides. 





2:3:4: 6-Tetra- 2:3: 4-Tri- 2:4: 6-Tri- 4: 6-Dimethyl 
Weight, methyl galactose, methyl galac- methyl galac- galactose,* 
Fraction. g. g. tose,® g. tose,’ g. g- 
I? 0-5 0-25 —_ — _ 
II 1-10 0-90 — 0-17 - 
III 0-67 a 0-16 0-32 — 
IV 1-85 oo 1-00 0-77 _ 
Vv 0-97 = 0-27 — 0-48 
VI 0-50 me — — 0-44 
VII 0-51 = — — 0-37 
Total 6-10 1-15 1-43 1-26 1-29 
Molecular 
ratio —_— 0-8 1-0 0-9 1-0 


1 Calculated as reducing sugars. 

2 Fraction I contains approx. 0-25 g. of 2: 3: 4-trimethyl xylose. 

3 Estimated from yield of crystalline anilides on the basis that the pure sugars gave under the same 
conditions a yield of 70% of the theoretical. 

« Estimated as in 3 but on a yield of 50% recorded for the pure sugar. 


Examination of the Uronic Acid Portion of the Hydrolysis Products —The methylated uronic 
acids were contained in fraction (D), 2-78 g. (see p. 1485), which on distillation gave: Fraction 
VIII (0-87 g.), b. p. 127—150°/0-002 mm. (bath temp.), ui®° 1-4496, OMe 55%, equiv. wt. (on 
hydrolysis with alkali) 260; and Fraction IX (0-66 g.), b. p. 150—170°/0-002 mm. (bath temp.), 
ni 1-4655, OMe 48%, equiv. wt. 250. There was an undistillable residue (1-01 g.) which 
contained combined uronic acid and consisted of incompletely hydrolysed material. 

Fraction VIII, This material (0-84 g.) on hydrolysis with n-hydrochloric acid (20 c.c.) at 
95° gave 2: 3: 4-trimethyl d-glycuronic acid (0-7 g.) (containing a little of the dimethyl deriv- 
ative) as a syrup, nv’ 1-4678, [«]}” + 53° in water (c, 0-9), OMe 38-0%, equiv. wt. 235. This syrup 
(0-65 g.) on oxidation with bromine (1 c.c.) in water (10 c.c.) gave 2: 3: 4-trimethyl saccharic 
acid as a syrup, which was converted into the methyl ester (0-65 g., m}®° 1-4545) by heating it 
with 2% methyl-alcoholic hydrogen chloride. The ester gave on distillation (b. p. 150°/0-002 
mm.; bath temp.) the methyl ester of 2: 3: 4-trimethyl saccharolactone (0-46 g.), which set 
solid in the receiver; m. p. and mixed m. p. with an authentic specimen 112° (after recrystallis- 
ation from ether). 

The m, (compare Pryde and Williams, Biochem. J., 1933, 27, 1201; Hirst and Jones, loc. cit.) 
and OMe figures, together with the yield of trimethyl saccharolactone methyl ester, show that 
fraction VIII consisted mainly of the methyl ester of 2:3: 4-trimethyl methyl glycuronide 
(approx. 0-75 g.) together with some dimethyl] derivative (approx. 0-12 g.). 

Fraction IX. A portion of this fraction (0-57 g.) was hydrolysed with n-hydrochloric acid 
(30 c.c.) at 95°. The product (0-55 g.) was a syrup, [a]}” + 42° in water (c, 1-1), OMe 25%. 
This (0-52 g.) was oxidised with bromine (conditions as for fraction VIII) and the acid so 
obtained was esterified by boiling with 2% methyl-alcoholic hydrogen chloride. The solution 
was neutralised with silver carbonate, filtered, and concentrated at 40°/12 mm. to a syrup 
(0-51 g., ni2° 1-4600), which was distilled in a vacuum, giving 0°35 g., b. p. 190—210°/0-002 mm. 
(bath temp.), 3)" 1-4711. The distillate crystallised when kept. The solid was separated by 
trituration with ether, from which it was recrystallised; m. p. 101°, not raised on recrystallis- 
ation [Found: OMe, 38-6. Dimethyl saccharolactone methyl ester (CgH,,O,) requires OMe, 
39-7%]. 

The ester-lactone (0-10 g.) was dissolved in methyl alcohol, and the solution saturated with 
ammonia at 0°. After 7 days, the alcohol was removed and the 2 : 3-dimethyl saccharamide 
obtained was recrystallised from alcohol; m. p. and mixed m. p. with an authentic specimen 
supplied by Dr. F. Smith of Birmingham University, 155°. 


The ester-lactone (0-10 g.) was dissolved in n/3-baryta (2 c.c.), and an excess of aqueous 


periodic acid added. After 12 hours the solution was neutralised with barium carbonate and 
filtered. The filtrate reduced Fehling’s solution and contained glyoxylic acid, recognised by 
the purple colour it gave with tryptophan and sulphuric acid. 

The mp, and OMe figures for fraction IX and the isolation of 2: 3-dimethyl saccharic acid 
from it in good yield show that this fraction consisted mainly of the methyl ester of 2: 3-di- 
methyl methyl glycuronide (approx. 0-58 g.), together with a little of the trimethyl derivative 
(approx. 0-08 g.). 





U 


| 
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The total yield of trimethyl derivative was therefore 0-83 g. and of dimethyl derivative, 
0-70 g. Expressed in molecular proportions, these yields are in the ratio of 1-1: 1. The yield 
of distilled methylated methyl glycuronides was 47% of the theoretical (see above for cause of 


low yield). 


The authors thank Dr. D. J. Bell, Dr. E. G. V. Percival, and Dr. F. Smith for gifts of materials 
used in mixed m. p. determinations, and are indebted to the Colston Research Society and 


Imperial Chemical Industries Ltd. for grants. 
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315. cis-trans-Interconversion amongst Co-ordination Compounds. Part I. 
Investigation of the Isomeric Dichlorobisethylenediaminocobaltic 
Chlorides by Means of a Radioactive Isotope of Chlorine. 


By G. W. EttTLe and C. H. JoHNson. 


It has long been known that green 1 : 6-[Co en,Cl,]Cl changes into violet 1 : 2- 
[Co en,Cl,]Cl on evaporation of the aqueous solution to dryness, and that the reverse 
transformation is promoted by hydrochloric acid. The mechanism of interconversion 
has remained a matter of conjecture. Investigation of the redistribution of the 
component chlorine ions during isomerisation with the aid of radio-chloride has 
assisted in clarifying the problem. Intramolecular rearrangement can be disregarded. 
The immediate result of dissolving the compounds in hot water is the replacement of 
Cl’ by H,O within the co-ordination spheres; the original complex ions are re-formed 
on concentration of the solution by evaporation. The relative amounts of the isomeric 
chlorides in the solid residue appear to be largely controlled by solubility considerations. 
The cis-chloride is less soluble than the tvans-; but the latter alone forms a sparingly 
soluble addition compound with hydrogen chloride. Apart from its function as pre- 
cipitant, hydrochloric acid plays no essential réle in the cis —-> trans-change. 


Many instances of, supposedly, cis-trans-isomerism are to be found amongst the co-ordin- 
ation compounds of tervalent chromium and cobalt. The transition from one isomeric 
form to the other is often effected by simple means, but very little consideration has 
hitherto been given to the mechanism of interconversion ; and in some cases the qualitative 
statements made with regard to isomerisation stand in apparent contradiction to observa- 
tions on other characteristic reactions of the complex ions. For this reason, and because 
of the opportunities afforded by the employment of isotopes as “ indicators,’’ a general 
investigation of the problem seems desirable. The present paper deals exclusively with 
perhaps the best-known example, the transformation of green trans-, or 1 : 6-dichloro- 
bisethylenediaminocobaltic chloride, [Co en,Cl,]Cl, into the isomeric violet cis-, or 1 : 2- 
salt and vice versa. Jérgensen (J. pr. Chem., 1889, 39, 1; 1890, 41, 440) discovered that 
this conversion is brought about by evaporation of the aqueous solution to dryness, and 
that the reverse process occurs in the presence of hydrochloric acid. 

When 1 : 2- or 1 : 6-[Co en,Cl,]" is dissolved in water, substitution of H,O for Cl’ occurs 
with formation of [Co en,(H,O)CI]” and Co [en, (H,O),]"" (Werner and Herty, Z. physikal. 
Chem., 1901, 38, 340). Evidence of ‘‘ aquotisation ’’ is also furnished by Uspensky and 
Tschibisoff (Z. anorg. Chem., 1927, 164, 326), who observed that dilute aqueous solutions 
containing initially the same molar concentrations of 1: 2- or 1 : 6-[Coen,Cl,]Cl, 1 : 2- 
[Co en,(H,O)CIJCl,, or 1: 2- or 1: 6-[Coen,(H,O),]Cl, ultimately give rise to identical 
absorption spectra, the equilibrium state being rapidly established by boiling. Although 
the spectrometric method could certainly be applied to greater advantage than was done 
by these authors, attempts to determine the composition of the solutions by such methods 
are unsatisfactory, for the situation is further complicated by equilibria such as 


[Co en,(H,0)CI]* =» [Co en,(OH)CI]’ + H’ 
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(cf. Bronsted, Z. physikal. Chem., 1926, 122, 383; 1928, 184,97). Mathieu’s kinetic studies 
(Bull. Soc. chim., 1936, 3, 2121, 2152) show that the complex ions 1 : 2- and 1 : 6-[Co en,Cl,]° 
are transformed quantitatively in aqueous solution into 1 : 2-[Co eng(H,O)CI)”, the former 
reaction being half-completed within 30 minutes at 40°, and the latter less rapidly. The 
next stage of aquotisation, the production of [Co eng(H,O).]°*’, proceeds at a slower rate, 
is retarded by hydrogen ion, and is to some extent reversible, the back reaction being 
favoured by rise of temperature. Now, since the isomerisation reactions, [1:2] <—> 
[1 : 6],f are carried out in aqueous solution at about 100°, the formation of the ‘‘ aquo”’ 
complex ions must be accepted as inevitable first steps. 

Our experiments fall roughly into two categories : (1) the employment of a radioactive 
chlorine isotope to mark the distribution between the co-ordinatively bound and the free 
ionic state of chlorine, (2) an investigation of the amounts of [1 : 2] and of [1 : 6] produced 
under various conditions of isomerisation, a matter which has received surprisingly little 
attention. 

Experiments were carried out at temperatures between 0° and 80° to discover whether 
exchange occurred between radiochloride ion, *Cl’, and the following complex ions: 1 : 2- 
and 1 : 6-[Co en,Cl,]° and 1 : 2-[Co en,(H,O)Cl]”. The method consisted in dissolving the 
complex salt in a solution containing *Cl’, and, after a time, reprecipitating the complex 
ion and testing for radioactivity. Direct replacement of co-ordinatively bound chlorine by 
chloride ion was not observed with any of the complex ions. The results summarised in Table 
I show that only with [H,O,Cl]" at 80° was measurable activity found in the precipitate, 
at which temperature aquotisation and the reverse process take place rapidly. Clearly, in 
the absence of direct exchange, the chance of a positive result is greater in this case than 
for the other two complex ions. Even so, only about 50% of the precipitate contained 
radio-chlorine. These facts are of interest in several connexions apart from their bearing 
upon the problem under discussion. For example, it has been found (Jenkins and Johnson, 
unpublished) that the initial rate of change of rotatory power of d-1 : 2-[Co en,Cl,]° in aque- 
ous solution is somewhat accelerated by potassium chloride. Since it is now certain that 
the reaction *Cl’ + [Co en,Cl,]° —-> [Co en,Cl*Cl]° + Cl’ does not take place, the cata- 
lytic influence of potassium chloride cannot be attributed to a process of “‘ inversion by 
substitution ’’ (cf. Bailar, Haslam, and Jones, J. Amer. Chem. Soc., 1936, 58, 2226; Berg- 
mann, 1bid., 1937, 59, 423) analogous to that proposed by Olsen (J. Chem. Physics, 1933, 
1, 418) and by Meer and Polanyi (Z. phystkal. Chem., 1932, 19, B, 164) in the case of carbon 
compounds. 

The change [1 : 6] —-> [1:2] is accomplished by evaporation of a boiling aqueous 
solution of [1 : 6], but in order to study the rearrangement of the chlorine nuclei, radio- 
chloride ion must be introduced, ¢.g., Na*Cl. The residue remaining after evaporation 
contains [1 : 2], [1 : 6], and sodium chloride, and on repeated extraction with small quanti- 
ties of ice-cold water the last two substances are removed, leaving the relatively insoluble 
[1 : 2] in nearly pure condition. In some preliminary experiments, the entire chlorine 
contents of the solid and the liquid extract were separately converted into silver chloride 
and the radioactivities of equal weights of silver chloride from each compared. In later 
experiments, the nitrates, [1 : 2) NO, and [1 : 6]NO,, were prepared from the residue, and 
their activities measured. A further comparison was made of the activities of bound 
chlorine in [1 : 2)NO, from the residue and of the free chloride ion in the aqueous extract. 
The results (Table II) indicate that complete intermingling of all the chlorine nuclei takes 
place during isomerisation. The reverse transformation, [1 : 2] -—> [1:6], is brought 
about by evaporation with hydrochloric acid, which also affords a convenient means of 
introducing radio-chloride. The dry residue is extracted with cold water, and the aqueous 
extract poured into nitric acid; the chlorine in the precipitated [1 : 6]NO, is converted into 
silver chloride and its radioactivity compared with that obtained from a sample of the 
original acid. Animproved method is to pass the hydrogen chloride expelled during evapor- 
ation into a solution of silver nitrate, and to compare the activity of the precipitate with 

t 1: 2- and 1: 6-[Coen,Cl,]Cl will be denoted by the symbols [1 : 2] and [1 : 6] respectively, or, 
where it is necessary to specify the anion, by [1 : 2]Cl, [1 : 6)NO,, etc. The compounds [Co en,(H,O)CI]Cl, 
and [Co en,(H,O),)/Cl, are conveniently represented by [H,O,Cl] and [(H,O),]. 
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that of the silver chloride derived from [1 : 6]NO, obtained from the dry residue. As in 
the previous case, the results lead unequivocally to the conclusion that the chloride tons undergo 
complete random redistribution during the tsomeric change. 

As regards the efficiency of the transformation processes, Uspensky and Tschibisoff 
(loc. cit.) state that 40—70% conversion into [1 : 2] occurs on evaporation of [1 : 6] with 
water. Clearly, the experimental conditions must greatly influence the results. Experi- 
ments carried out rapidly, in accordance with the routine adopted when studying isotope 
exchange (but in the absence of sodium chloride), gave percentages varying from 40 to 55. 
There appears to be no previous record of quantitative data regarding the process [1 : 2] 
——> [1 : 6], and our observations on this change are significant. When [1:2] is evap- 
orated with different concentrations of hydrochloric acid (0-1—10n), other circumstances 
being controlled as rigidly as possible, little variation is found in the proportions of the 
isomeric chlorides in the dry residue (Table III); the actual proportions range from about 
70 to 95%, according to the manner in which the last c.c. or so of acid is evaporated. In 
pure water the efficiency of the conversion process may be as high as 75%, but the results 
of individual experiments fluctuate widely for reasons explained on p. 1496. The inference 
is that, contrary to what seems to have been supposed hitherto, hydrochloric acid is not 
concerned in any fundamental way with the c#s- to trans-change. 

Discussion.—The known facts appear to be in agreement with the following dynamic 


scheme, which refers to an aqueous solution. 1:2- and 1: 6-[Coen,Cl,]° = 
b 4 
Cl’ + [Co en,(H,O)CI}* == 2CI’ + [Co en,(H,0),]"". The existence in hot solution of these 


equilibria accounts for the complete re-shuffling of chloride ions which accompanies iso- 
merisation; the relative rates and participation of reactions a, b, c, and d, depend on the cir- 
cumstances obtaining. The possibility of intramolecular rearrangement, [1 : 2] == 
[1 : 6], is not indicated in the scheme because experiments with mixtures of the isomeric 
complex ions, one or other of them containing radio-chloride in the co-ordination sphere, 
have shown that intramolecular change does not occur in either direction at room tempera- 
ture. Whether it takes place in aqueous solution at 100° cannot be ascertained, since 
aquotisation will in any case mask the process. Reactions a and 6 constitute the initial 
stages of all experiments outlined in the previous section, the hot solutions rapidly acquiring 
a purple-red colour irrespective of the cis- or the ¢vans-configuration of the original material. 
Isomerisation may be said, in effect, to start from this point. Reactions ¢ and d (the latter 
in particular) becomeimportant during the final stages of evaporation, in the presence of large 
concentrations of dissolved substances. The slowness of these reactions is responsible for 
the failure to achieve more than partial isomerisation by evaporation of solutions at, say, 
20°, when the residues invariably contain a large proportion of “‘ aquo ’’ complex ions. 

The velocities of the aquotisation reactions a and 6 necessarily obey a unimolecular law, 
either because the rate-determining step is unimolecular, or because the solvent is involved, 
at constant activity, in a slow bimolecular process. On the other hand, the reverse re- 
actions ¢ and d can conceivably follow uni- or bi-molecular laws as exemplified by the 


following equations (reaction c) : 


[Co eng(H,0),]"* + Cl’ "> [Co en,(H,0)CI]” (bimolecular) 


om 


[Co en,(H,0)OH]” + Cl’ > [Co en,(H,0)CI]” (unimolecular) 


The simultaneous occurrence of both mechanisms perhaps explains Mathieu’s inability 
to decide between a uni- and a bi-molecular law on a basis of measured rate constants. 
Further discussion of the reactions c and d in relation to isomerisation is hampered by the 
incompleteness of the thermochemical and kinetic data, matters which are engaging our 
attention. 

The heat of formation in solution of [1 : 6] is slightly larger than that of [1 : 2] (Oven- 
ston and Terrey, J., 1936, 1660), a fact which Mathieu correlates with their different rates 
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of aquotisation (loc. cit., p. 2152); but [1 : 2] is much less soluble than [1 : 6] and will be 
precipitated first. There seems no reason to doubt Uspensky and Tschibisoff’s tentative 
conclusion (Joc. cit.) that the amounts of the two isomeric chlorides in the residues re- 
maining after evaporation are largely controlled by considerations of solubility. Another 
factor favourable to the production of [1 : 2] is the preponderance in solution of the ion 
1 : 2-[Co en,(H,O)CI)” consequent upon the instability of 1 : 6-[Co en,(H,O)CI)", salts of 
which have not been isolated. Nevertheless, both green and violet salts separate during the 
final stages of evaporation of aqueous solutions, the proportion of green being larger the 
quicker the operation. Addition ofa soluble chloride, other than hydrogen chloride, improves 
the yield of [1:2] (Table IV). The precipitation of [1 : 6] in spite of contrary influences, 
together with [1 : 2], points to the existence of at least one slow step in the sequence of 
events. The situation is conceivably represented as 


1 : 2-[Co en,Cl,]" + H,O == 1: 2-[Co en,(H,O)CI)}” + Cl’ 


I 


1 : 6-[Co en,Cl,}° + H,O == 1 : 6-[Co en,(H,O)CI)” + Cl’ 
Since isomerisation is a process of synthesis from the “‘ aquo’’ complex ions, several 
opportunities occur for the production of alternative configurations. The choice of [H,0,C1}” 
appears to have some justification. As noted on p. 1491, the water molecule entering [1 : 2] 
occupies the position vacated by chloride ion and the probability is that aquotisation of 
[1 : 6] takes place in similar fashion. Indeed, Mathieu (Bull. Soc. chim., 1937, 4, 687) has 
proved that simple substitution of water molecules for co-ordinated anions is the general 
rule. The assumption of a finite, though small, concentration of 1 : 6-[H,O,CI)” is in har- 
mony with the facts of isomerisation and not inconsistent with the failure to isolate its 
salts. Furthermore, Mathieu (éb:d.) has observed that d-1 : 2-[H,O,Cl]” ‘undergoes slow 
racemisation in solution at room temperature, quite independently of the process of aquo- 
tisation. A reasonable explanation is the intermediate formation of L: 6-[H,0, cy”. 
Intramolecular rearrangement within the co-ordination sphere of a complex ion is a rare 
phenomenon, but one example for which the experimental evidence appears conclusive is 
the racemisation of chromioxalate, [Cr(C,O,)3]’" (Johnson etal., Trans. Faraday Soc., 1935, 31, 
1612; Long, J. Amer. Chem. Soc., 1939, 61, 570). Finally, the equilibrium postulated 
between the cis- and the trans-form of the chloro-aquo ion will entail a greater con- 
centration of the latter form at 100° than at room temperature, a consideration of obvious 
importance to the matters under discussion. . 

An experimental result which strenthens the views already put forward is the following : 
if, instead of [1 : 6]Cl, the nitrate [1 : 6]NO, is dissolved in hot water (aquotisation occurs) 
and the solution is evaporated to dryness, the residue is green, without a trace of violet 
[1:2]NO,. Thus, tsomerisation of trans-dichlorobisethylenediaminocobaltic nitrate does not 
occur. Conversely, [1:2]NO, is by the same procedure converted quantitatively into 
[1 : 6JNO,. Now the latter is very sparingly soluble.in water, much less soluble than 
[1 : 2)NO, or [1 : 2}Cl, and nitrate ion has little tendency to enter the co-ordination sphere, 
Therefore, NO,’ does not compete successfully with Cl’ in displacing H,O from the “ aquo ”* 
complex ions during evaporation, and as soon as even a small concentration of [ 1 : 6)" is 
formed the nitrate is precipitated. Again, solubility is the controlling factor-in the pre- 
paration of [1 : 6], the presence of hydrochloric acid in solution causing precipitation of the 
hydrochloride (Jérgensen, Joc. cit.), usually formulated as f : 6-[Co en,Ci,JC1,HCl. On the 
other hand, Drew and Pratt (J., 1937, 506) attribute a deeper significance to the formation 
of the hydrochloride and state, though without positive evidence, that addition of hydrogen 
chloride to [1 : 6] involves the rupture of a chelate link between ethylenediamine and the 


cobalt nucleus : 
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These authors explain isomerisation by postulating analogous intermediate compounds 
through addition of water to [1 : 6] and of hydrogen chloride to [1 : 2] (although the latter 
does not form a hydrochloride) and, in like manner, other cases in which substitution in the 
co-ordination sphere produces a change of configuration. The merits of this hypothesis 
must be judged by consideration of individual cases. Objections can be brought against 
its application to the compounds under discussion. First, hydrogen chloride is very easily 
removed from the hydrochloride, either by heating the solid, or dissolving it in water, or 
washing it with alcohol. Large green crystals left undisturbed in a dry atmosphere lose 
hydrogen chloride superficially, the process commencing at points on the surface and 
spreading in circular patches somewhat resembling the dehydration nuclei of chrome alum 
crystals (Cooper and Garner, Trans. Faraday Soc., 1936, 32, 1739). Furthermore, the loss 
of hydrogen chloride from the crystals is accompanied by total reversion to [1 : 6], an ob- 
servation contrary to the implications of Drew and Pratt’s formula ; for in all other instances 
their hypothesis is designed to explain a change of configuration. Be it noted that the 
colours of the ¢vans-salt and of the hydrochloride are merely different shades of green. 
The problem was attacked with radio-chlorine in the following way. Radioactive [1 : 6], 
t.e., [Co en,*Cl,]*Cl, the asterisks denoting a uniform distribution of the radio-isotope 
within and without the co-ordination sphere, was prepared and reprecipitated from cold 
solution as [Co en,*Cl,]Cl,HCl by addition of a large excess of hydrochloric acid. The 
hydrogen chloride was expelled from the crystals by heat and passed into silver nitrate. 
The silver chloride proved to be devoid of activity, a result which, whilst fully anticipated, 
is not without value. 

Although Jérgensen’s formula is probably inadequate, there appear to be no grounds 
for differentiating sharply between the condition of HCl in the hydrochloride and that of 
H,0 in, say, [1 : 2] monohydrate, usually represented as 1 : 2-[Co en,Cl,]C1,H,O. Clearly, 
the proved racemic character of the latter compound is not expressed by the formula 
[Co en(énH)Cl,OH]Cl. Drew and Pratt assume the intermediate formation of such an 
addition compound in the trans —> cis change. Our results suggest that water molecules 
normally participate in the process cis —-> trans; there is no evidence whatever of associ- 
ation between [1:2] and HCl. Mathieu (loc. cit., 1937) has shown, from studies of optical 
rotatory dispersion, that aquotisation of [1:2] occurs through direct replacement of 
chloride by water without change of configuration, i.e., d-1 : 2-[Co engCl,]° —> d-1 : 2- 
[Co eng(H,O)CI). Drew and Pratt’s mode of substitution would give rise to a racemic 
mixture (together with trans?) and hence it cannot be invoked to explain the conversion 
of cis into trans. Their views in regard to both the structure of the ¢vans-hydrochloride 
and the mechanism of isomerisation therefore receive very little support from established 


facts. 
EXPERIMENTAL. 


Prepavations.—trans-Dichlorobisethylenediaminocobaltic chloride, obtained by Braunlich’s 
modification (Z. anorg. Chem., 1900, 22, 123) of Jérgensen’s method (loc. cit.), was purified from 
yellow [Co en,]Cl, by recrystallisation from hot concentrated hydrochloric acid (Found: Cl, 
37-3. Calc.: Cl, 37-3%). This was converted into the cis-isomer by evaporation of an aqueous 
solution at 100°, the residue being extracted with aqueous alcohol until a cold saturated solution 
of the violet solid when poured into nitric acid (3 vols. of conc. acid: 4 vols. of water; referred 
to as ‘‘ standard’) and kept for 20 mins. gave no trace of green precipitate (Found: H,O, 
6:1; Cl, 34-8. Calc. for [Co en,Cl,]Cl,H,O : H,O, 5-95; Cl, 35-1%). [Co en,(H,O)CIJSO,,2H,O 
was prepared by Werner’s method (Amnalen, 1912, 386, 122); it contained a trace of chloride 
(Found : H,O, 9-47; Cl, 10-1; SO,, 25-1. Calc.: 2H,O, 9-88; Cl, 9-73; SO,, 26-3%). 

Radio-chlorine.—The radioactive isotope was prepared by use of an intimate mixture of 
powdered metallic beryllium and radium chloride : #Cl + jn ——> #(Cl. Our recording appara- 
tus, Geiger—-Miiller counter, etc., has been described by Hamblin and Johnson (Phil. Mag., 
1937, 24, 553). The yield of radio-chlorine was poor compared, say, with that of radio-bromine 
or radio-iodine in similar circumstances. This was to some extent offset by (1) use of Szilard 
and Chalmer’s method (Nature, 1934, 134, 462) to concentrate the active isotope; carbon tetra- 
chloride was the liquid employed, irradiation with neutrons lasting 3—4 hours; (2) working 
with small amounts of materials (thus obtaining relatively high intrinsic radioactivities) ; and 
(3) spreading the compound under examination, usually silver chloride, mixed with an adhesive, 
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upon the inside of a cylinder of cartridge-paper which was slipped over the Geiger counter. 
The substance was sprinkled uniformly over a prescribed gummed area before the cylinder was 
rolled. With careful attention to details, this method gave reproducible and quantitatively 
satisfactory results; e.g., the ‘‘ count ’’ was shown to be proportional to the concentration of 
radio-chloride in the silver chloride. The identity of the active isotope was established by 
irradiating a solution of sodium chloride with neutrons, taking the chloride through a sequence 
of different reactions, ultimately recovering it as silver chloride, and showing that the activity 
was virtually identical with that of a sample prepared from the original substance. The unstable 
phosphorus isotope #3P (decay period <= 14 days) was produced along with {Cl but was not 
precipitated by silver nitrate from acid solutions. The possible formation of radio-sulphur was 
investigated but not confirmed. 

Isotope Exchange with Complex Salts—Means had to be found for effecting rapid precipi- 
tation of the three complex ions from dilute solutions, since, on account of aquotisation, their 
concentrations fell progressively during experiments. The ion [1 : 6]° is best precipitated as 
the nitrate with “standard ”’ nitric acid (see above); the more soluble [1 : 2]NO, can be 
recovered from solutions containing it and the ‘“‘ aquo ”’ complex ions by pouring into a large 
volume of aqueous alcohol (65% ethyl alcohol) saturated with ammonium nitrate. The sul- 
phate, [H,O,C1]SO,,2H,O, separates fairly quickly on addition, with vigorous stirring, to aque- 
ous alcohol (as above) saturated with ammonium sulphate, or to a mixture of equal parts of 
absolute alcohol and ether. The chlorine in each of these compounds is inside the co-ordination 
sphere; hence the precipitates can be presented to the Geiger counter directly, with consequent 
saving of time and “ activity.” Control experiments proved that the observed activities of the 
complex salts and of silver chloride derived from them, containing equal weights of chlorine, 
were practically identical. The results of exchange experiments are summarised in Table If, 
t denoting the time between mixing the complex salt with radio-chloride (Na*Cl, NH,*Cl, or 
H*Cl) and reprecipitation. 





TaBLeE I. 
Activity Activity Activity 
Temp. t. of ppt. Temp. t. of ppt. Temp. t. of ppt. 
1: 2-[Co en,Cl,]°. 1: 6-[Co en,Cl,]”. 1: 2-[Co en,(H,O)CI]”. 
30° 25 mins. nil 0° 80 mins. nil 18° 20 mins. nil 
60 1-25 mins, = 60 1-75 mins. a 60 2-25 mins. = 
80 15 secs. pa 80 25 secs. wa 80 35 secs. small 


Because of aquotisation, the maximum time (é) allowable is conditioned by the temperature, 
since enough of the complex ion must be recovered for investigation of its radioactivity. Tem- 
perature-independent factors which must also be considered are the activity and the decay 
period (36 mins.) of the chlorine isotope. 

cis ——> trans-Conversion.—The experimental methods have already been outlined. These 
involved a large number of operations, and consequently nearly 90 mins. elapsed between the 
removal of the chloride from the neutron-source and the initial observations on the activities 
of samples of silver chloride. The results of representative experiments are briefly recorded in 
Table II. The “‘ maximum activities ’’ represent the number of impulses registered by the 
counter per minute averaged over the first 4 mins. of observation; in any one experiment, they 
are likely to be less concordant than the figures averaged over the whole counting-time (‘‘ mean 
activities *’), which was usually about an hour. All activities were corrected for coincident 
impulses (Todd, Phil. Mag., 1937, 24, 572), and the “‘ background ” was subtracted. 


TaBLeE II. 
Activity of equal weights of AgCl prepared from : 





No. NaCl in residue. [1 : 2] in residue. [1 : 6] in residue. 
Isomerisation. of Activity. Activity. Activity. 
expt. Maximum. Mean. Maximum. Mean. Maximum. Mean, 
trans 1 77 44 71 42 — — 
2 62 38 61 38 — — 
cis 3 = —_ 45 27 48 26 
+ + a 65 40 65 41 
5 63 42 64 41 64 41 
HCI volatilised 
cis 6 60 43 — _— 66 40 
7 66 46 ~~ — 61 45 
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Details of expt. 4 are given inillustration. A solution containing radioactive sodium chloride 
(0-081 g. in 10 c.c.) was evaporated to dryness with 0-6 g. of [1:6]. The residue, when cool, 
was extracted thrice with successive amounts (1 c.c.) of cold water, filtered rapidly, and the 
filtrate allowed to drop into ‘“‘ standard ”’ nitric acid. The green precipitate of [1 : 6]NO, was 
filtered off, washed with nitric acid, transferred to a beaker with water (60 c.c.), and boiled. 
Silver nitrate (5 c.c. of 20% solution) was added to the boiling solution, and the heating continued 
for 7 mins. before filtering the solution. The violet residue of [1 : 2] was washed with aqueous 
alcohol (1 : 3) to remove any remaining sodium chloride and [1 : 6], and treated exactly as above. 
Both samples of silver chloride were carefully dried, and equal weights (0-2 g.) spread on cart- 
ridge-paper cylinders for presentation to the Geiger counter. The prolonged boiling of the silver 
chloride precipitates brought them to the same physical condition, an essential requirement for 
accurate comparison of their radioactivities. 

Efficiency of cis-trans-Interconversion.—In order to discover the best means of determining 
the proportion of each isomer present in residues after evaporation, control experiments were 
carried out with mixtures of known composition. The following method was finally adopted. 
The mixture was extracted with 6 successive amounts (1 c.c.) of cold water, and the extracts 
filtered into ‘‘ standard ’’ nitric acid (20 c.c.); after 15 mins.’ stirring, the precipitate of [1 : 6] NO, 
was filtered off, washed with absolute alcohol, dried by cautious heating, and weighed. The 
percentage conversion occurring during isomerisation was investigated, all evaporations being 
conducted in accordance with a definite routine. 

(a) cis ——> trans-Conversion. The cis-compound used gave no indication of the presence 
of tvans- by the nitric acid test. Evaporation was carried out with 0-5 g. in 10 c.c. of hydrochloric 
acid, and occupied 12 mins. Slight differences in the conditions of evaporation during the final 
stages are chiefly responsible for the lack of reproducibility. The results are given in Table III. 


TaBLeE III. 
HICH, BH ccvacccccccsceccscescececocces 10 2 0-5 0-1 0 (pure water) 
{1 : 6], %, im residue ............ 80—98 70—95 70—95 65—90 40—75 
(b) trans ——> cis Conversion. 0-5 G. of [1: 6] was evaporated with 10 c.c. of water, or a 
solution of sodium chloride. In expts. 6, 7, and 8 (Table IV), the final stage of evaporation was 
taken very slowly with constant stirring. 
TaBLe IV. 


TRA, Bs. ctisenisis ssasssscrndseee 2 3 4 5 6 8 
[1:2], %, in residue 30 40 62 55 85 74 84 
Time of evapn. (mins.) 12 12 12 12 30 30 30 
Wt. of NaCl added (g.) 0 0 0 0 0 0 0 
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316. 1-A*-Carene-5 : 6-epoxide, a Constituent of the Oil from 
Zieria Smithii. 
By A. R. PENFOLD, G. R. RAMAGE, and J. L. SIMONSEN. 


A constituent of the essential oil from Zieria Smithii is shown to be a derivative of 
A*-carene, namely, 1-A*-carene-5 : 6-epoxide (I). It gives cis-homocaronic acid (II) 
on ozonolysis, and geranic acid (III) on digestion with alkali. Hydrogen bromide 
causes ring fission with the formation of dl-1 : 8-dibromo-p-menthan-3-one (IV), from 
which by the action of sodium acetate A1‘*®)-p-menthadien-3-one (X) can be prepared. 
The epoxide isomerises when heated to 165° to give a mixture of ketones. 


ALTHOUGH it is now over forty years since Baeyer (Ber., 1894, 27, 1919) prepared carone 
by the action of alkali on dihydrocarvone hydrobromide, only two natural products having 
this dicyclic structure, A®*- and A*-carenes, have so far been described. We now record the 
results of an examination of a third natural carane derivative. During a study of the 
constituents of the essential oil from Zierta Smithii, details of which will be published 
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later, a fraction was obtained, b. p. 88—90°/17 mm., which exhibited somewhat unusual 
properties. On digestion with alkali or if heated with water at 150°, it gave geranic 
acid in a practically quantitative yield, yet a careful search failed to reveal the presence of 
an alcohol and analysis showed it to have approximately the composition Cr0H1,0. A 
detailed study of the purified oil has now shown that it is almost certainly 1-A*-carene-5 : 6- 
epoxide (I 

The Ane as separated by fractional distillation, contains in a very small amount, linalool 
and an alcohol, C;)H,,O0, characterised by the preparation of a 3 : 5-dinitrobenzoate, m. p. 
119°. After the removal of these impurities the oil gave figures on analysis in close accord 
with those required for C,)H,,O and titration with perphthalic acid indicated the presence 
of one ethylenic linkage. The oil gave on ozonolysis cis-homocaronic acid (II) in excellent 
yield, together with a small quantity of what was probably the impure trans-acid; evidence 
of the presence of acetone and formaldehyde in small amount was obtained also. The 
formation of homocaronic acid on ozonolysis and of geranic acid (III) by the action of 
alkali can be most satisfactorily explained if the parent substance is represented by (I), 
the reactions proceeding in accordance with the scheme set out below : 
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CMe ix Ac 
ri wea ‘ 
H,¢ Ve: wgctew oct Nou orate: Sa ¢0,.H __, HO,¢ ¢O,H 
HO,C CH, CH, CH CH, yX CH, 
in 4 a 
CH:CMe, Me,C—CH Me,C—CH Me,C—CH 
| (I.) HBr (II.) 
CMe P  <eve 
a % 
HO GA, H,¢ on, 
HO,C CH, OC 5 axa. (IV.) 
(III.) CH:CMe, CH-CMe,Br 


The interaction of the oil with the halogen acids and with cold ethyl-alcoholic potassium 
hydroxide afforded evidence in support of this structure. With hydrogen chloride a dihy- 
drochloride, decomp. 72°, was obtained, and hydrogen bromide yielded a dihydrobromide, 
decomp. 74°. These are almost certainly dl-1 : 8-dichloro- and dl-1 : 8-dibromo-p-menthan- 
3-one (IV) respectively, since the latter yields on catalytic hydrogenation di-menthone. 
The formation of these dihalides is comparable with the conversion of A®- and A*-carenes 
into dipentene dihydrochloride under similar conditions, the ring fission in this case being 
accompanied by the isomerisation of the epoxide to a ketone. Such isomerisation is 
common, two recent examples being the conversion of the epoxide, aurapten, into the 
ketone, tsoaurapten (Béhme and Pietsel, Ber., 1939, 72, 778) and of 2-8-phenylethylcyclo- 
hexeneoxide into 2-8-phenylethylcyclohexanone (Grewe, tbid., p. 1316). The very facile 
isomerisation of the epoxide to carbonyl derivatives is described further on p. 1498. 

Reference was made above to the fact that the epoxide gave on digestion with alkali 
geranic acid, but it was found that with cold ethyl-alcoholic potassium hydroxide solution 

the reaction proceeded in a different manner, yielding a 

CMe crystalline acidic product which was optically active. The 

ZN acid was, however, a mixture, from which by fractional 
HO,CCH ¢H crystallisation, a homogeneous acid, CygH,,0., m. p. 83—84°, 
Me,C CHg was obtained. We think that there can be little doubt that 
v,) CH this acid is one of the optically active modifications of 
2 A*-cyclogeranic acid (V), the dl-form of which was prepared 
by Tiemann (Ber., 1900, 33, 3712). In agreement with this was the observation that 
catalytic hydrogenation showed the presence of one ethylenic linkage. It is proposed to 
resolve dl-A*-cyclogeranic acid to confirm the above suggestion. 


(I) —> 
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Although the evidence outlined above is in full accord with the suggested structure 
(I), direct evidence of the presence of the oxide ring by conversion into the glycol could 
not be obtained owing to the facile formation of geranic acid. Nor was it possible by cata- 
lytic hydrogenation to confirm the presence of only one ethylenic linkage, since this was 
obviously again accompanied by ring fission, as commonly occurs with dicyclic compounds 
containing the cyclopropane ring (Iyer and Simonsen, J., 1926, 2049; Short and Read, 
J., 1938, 2016; this vol., p. 1040). 

Furthermore, certain observations did not eliminate the possibility that the oxide was 
in reality a dicyclic ketone with a somewhat inert carbonyl group, although all previous 
attempts to prepare carenones have failed (Baeyer, Ber., 1894, 27, 810; 1898, 31, 2067; 
Clarke and Lapworth, J., 1910, 97, 15). If the oxide was kept in the cold with semi- 
carbazide acetate in aqueous methyl-alcoholic solution for some days, a semicarbazone, in 
a yield of approximately 50%, was obtained which analysis showed to be derived from a 
ketone C,)H,,0. This semicarbazone, which was optically active, was not homogeneous, 
since, although fractional crystallisation did not cause any very appreciable change in the 
melting point, the various fractions differed considerably in rotatory power. It appears 
not improbable that the semicarbazone may have the structure (VI) and that the varying 
rotatory power of the different fractions is due in part to the fact that the semicarbazone 
is not stereochemically homogeneous. This would be anticipated, since isomerisation of 
the epoxide involves one of the asymmetric centres. It may well be that a carenone 
semicarbazone would be more stable than a carenone, since enolisation, which would 
presumably promote instability, is not possible. An attempt to confirm the suggested 
structure by catalytic hydrogenation to carone semicarbazone failed, since two molecules of 
hydrogen were absorbed with the formation of a mixture of semicarbazones. If, however, 


NH, CMe NH, CMe CMe CMe 
| \ VAN ¢ 


\ \ 
downs Nox down Non ae oc” CH __, O¢ 
CH CH 


H 
e mec UMC 
CH-CMe:CH, Me,C—CH CH, CH, 
(VII.) (VI.) (VIII.) (IX.) 


semicarbazone formation has been accompanied by ring fission, then, on the assumption 
that no molecular rearrangement has occurred, the semicarbazone must be derived from a 
menthadiene having an isopropenyl side chain as in (VII). Unfortunately it was also not 
found possible to determine the structure of this semicarbazone by hydrolysis to the parent 
ketone. 

Hydrolysis with oxalic or phthalic acid gave in poor yield a mixture of ketones, which 
were optically active. One of these ketones, b. p. 87°/15 mm., had the formula C,H,,0, 
being characterised by the preparation of a 2 : 4-dinitrophenylhydrazone, m. p. 176—177°. 
If (VI) correctly represented the parent semicarbazone, this ketone might well have been 
(IX), formed from the intermediate m-menthadiene (VIII) by the loss of acetone as occurs 
in the formation of 3-methylcyclohexanone from pulegone oxime, the observed rotatory 
power being due to some impurity. It was found, however, that the 2 : 4-dinitropheny]l- 
hydrazone, m. p. 176—177°, was not identical with the corresponding derivative prepared 
from 2-methyl-A*-cyclohexenone or with that derived from the isomeric 3-methyl-A?- 
cyclohexenone. It is not at present possible to suggest a structure for this simple ketone. 

A further product of the hydrolysis of the semicarbazone was a ketone, b. p. 127— 
130°/13 mm., which consisted, in part at any rate, of A®: “®’-p-menthadien-3-one, since it gave 
on ozonolysis the butene acid, m. p. 121—122° (see p. 1499). The presence of this ketone 
amongst the hydrolysis products of the semicarbazone proves, as was indicated above, 
that the lack of homogenity of the semicarbazone is not solely stereochemical. 

Somewhat unexpected results were obtained when the epoxide itself, or the semicarbazone 
referred to above, was treated with an alcoholic solution of 2 : 4-dinitrophenylhydrazine 
sulphate. Interaction was slow, the main products being two highly crystalline 2 : 4- 
dinitrophenylhydrazones, one crystallising in garnet prisms, m. p. 192—193°, and the other 


H,C 
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in orange-yellow needles, m. p. 165—166°. Analysis showed that hydrazone formation had 
been accompanied by the addition of ethyl alcohol, the two hydrazones having the com- 
position C,,H,,0,N,. It is not improbable that this addition is due to fission of the 
cyclopropane ring and that the two hydrazones are derived respectively from the m- and 
the ~-menthenone. Their formation, not only from the epoxide, but also from the semi- 
carbazone may be regarded as offering indirect support to the suggestion (p. 1498) that the 
latter is derived, in part at any rate, from an unsaturated dicyclic ketone. In aqueous 
solution hydrazone formation is accompanied by hydration, a yellow 2 : 4-dinitrophenyl- 
hydrazone, m. p. 145—147°, being obtained. 

Although the low boiling point of the oil appeared to preclude the possibility that the 
epoxide was in reality an inert ketone, a determination of the absorption spectrum seemed 
desirable, since this would establish conclusively the presence or absence of the chromo- 
phore system >C:C-C:0. Dr A. E. Gillam kindly undertook this and he reports that the 
oil, without purification, has 4,,,, at 2900 A with a molecular extinction coefficient at 
1800, and the purified oil has the maximum at 2910 with a molecular extinction coefficient 
at 1340. These results definitely exclude the possibility of a carbonyl group with an af- 
ethylenic linkage, but the band at 2900 is puzzling; the presence of an isolated carbonyl 
group cannot be excluded, although a trace of an absorbing impurity containing three 
conjugated linkages (as in 6-ionone) might afford an explanation. That this absorption 
is due to the presence of traces of impurities would appear to be supported by the following 
observation. Although, as mentioned above, the oil itself reacts extremely slowly with 
Brady’s reagent, it was noticed that the residue in the distilling flask after a distillation 
always reacted immediately with this reagent. When the epoxide was distilled at the 
ordinary pressure or heated for a short time at 160—170°, it developed a deep yellow colour ; 
the oil formed a very sparingly soluble, purple 2 : 4-dinitrophenylhydrazone, m. p. 218—220°. 
With semicarbazide acetate the ketone gave a somewhat complex mixture of semicarbazones 
(see p. 1503), so it has not yet been obtained pure. It is hoped later to investigate its 
structure. : 

During a study of the reactions of d/-1 : 8-dibromo-f-menthan-3-one it was observed 
that on warming with sodium acetate in acetic acid solution it gave a ketone, C,,H,,0, b. p. 
120—122°/14 mm., characterised by the preparation of two 2 : 4-dinitrophenylhydrazones, 
m. p. 187° and 125—127°. After ozonolysis the ketone gave as the main products of the 
degradation acetone, levulic acid, and a crystalline acid, C,H,,O,, m. p. 121—122°. The 
first two substances are obviously degradation products of A!‘ “®)-p-menthadien-3-one (X), 
a ketone the formation of which might be expected by the removal of hydrogen bromide 


CMe CMe 


ON ON 
HO’ CH, HC H, 
(X) OC CH HO,C CH, (XI) 


CCMe, 0,H 


from the dibromide. The acid, m. p. 121—122°, was unstable to potassium permanganate in 
alkaline solution. On reduction with sodium in ethyl-alcoholic solution it gave 8-methy]l- 
adipic acid, and on ozonolysis in acetic acid solution levulic acid was obtained. This 
acid must therefore be 2-methyl-A1-butene-1 : 4-dicarboxylic acid (XI).* Although the 
melting point could not be raised by crystallisation, the acid did not appear to be homo- 
geneous and it was possibly a mixture of cis- and trans-forms. Evaporation of an aqueous 
solution of the ammonium salt gave a salt which was sparingly soluble in alcohol. From 
this salt an acid, m. p. 140—141°, was obtained, It is possible that this acid is 2-methy]- 
A®-butene-l : 4-dicarboxylic acid, which melts at this temperature (Pauly and Will, 
Annalen, 1918, 416, 14). Although the structure of the menthadienone is thus rigidly 
proved, it seems somewhat remarkable that it should be capable of existence, since it might 


* The resistance to oxidation by ozone of ketones containing an af-ethylenic linkage has been 
observed by Eccott and Linstead (J., 1930, 914), 
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be expected that it would isomerise very readily to thymol. No evidence of the presence of 
a phenol was observed during the purification of the ketone, but from amongst the oxid- 
ation products a small quantity of an oil having phenolic properties was isolated. It is 
not unlikely that this was homocatechol, which, in its diketonic form, would be an inter- 
mediate stage in the degradation to the butene acid. 


EXPERIMENTAL. 


The crude epoxide, as isolated by fractional distillation, had b. p. 88—90°/17 mm., 433: 0-9453, 
nif 1-4769, ap ca. — 52° (Found: C, 78-8; H, 95%). To remove traces of alcohols a cold solution 
of the oil (10 c.c.) in pyridine (30 c.c.) was treated with 3 : 5-dinitrobenzoyl chloride (2 g.), kept 
overnight, and poured on ice and dilute sulphuric acid. The oil was extracted with ether, the 
extract washed successively with dilute sulphuric acid, aqueous sodium carbonate, and water 
and dried, and the solvent removed. The reddish-brown residual oil was distilled in steam, a 
viscid oil (A) remaining in the flask. The oil volatile in steam was recovered by ether extraction 
in the usual manner. 1-A-Carene-5 : 6-epoxide, which was an extremely pleasant smelling, 
colourless, mobile oil, had b. p. 883—85°/14 mm., 433: 0-9454, n?°° 1-4729, [a] 549: — 88°, [Rz)p 44-63 
(calc., 43-63) (Found: C, 79-6; H, 9-5. Cy yH,,O requires C, 80-0; H, 93%). With the 
Zerewitinoff reagent it reacted apparently abnormally, showing the presence of two active 
hydrogen atoms. Hydrogenation of the oil (2-05 g.) in ethyl alcohol with a palladium—norit 
catalyst (2g.; 10%) was slow, 530 c.c. of hydrogen being absorbed (calc. for 2H,, 640 c.c.). 

The red gum (A), which was not volatile in steam, was dissolved in ether, and the extract 
dried and evaporated, giving a gum (1-5 g.), which partly crystallised on trituration with methyl 
alcohol. The solid 3 : 5-dinitrobenzoate was coliected; it crystallised from methyl alcohol in 
colourless leaflets, m. p. 119° (Found: C, 59-1; H, 5-4. C,,H,,O,N, requires C, 59-0; H, 5-2%). 

The presence of a small percentage of linalool in the oil was established by heating a fraction 
of the oil (1-1 g.), b. p. 95—96°/20 mm., which had been recovered from the treatment of the crude 
epoxide with semicarbazide acetate (see p. 1503), with xenylcarbimide at 100° for lhour. The 
urethane, isolated in the usual manner, gave a crystalline solid (0-1 g.), which, after recrystallis- 
ation from ligroin (b. p. 60—80°), had m. p. 83—85°, both alone and in admixture with linalool 
xenylurethane, which is very suitable for the characterisation of this alcohol (Found: N, 4:4. 
C,,H,,0,N requires N, 4:0%). 

Ozonolysis of 1-A*-Cavene-5 : 6-epoxide.—The pure epoxide (5 c.c.) in methyl acetate (50 c.c.) 
was ozonised at 0°, the issuing gases being passed through water (A). After completion of the 
ozonolysis the solvent was removed under diminished pressure, and the ozonide decomposed by 
heating with water (10 c.c.) on the water-bath under conditions permitting the trapping of any 
readily volatile carbonyl derivative in an aqueous solution of -nitrophenylhydrazine acetate 
(B). The aqueous solution (A) contained a trace of formaldehyde (warming with dimedone). 
From (B) a small quantity of a yellow -nitrophenylhydrazone separated, which crystallised 
from alcohol in needles, m. p. 147°, both alone and in admixture with acetone-p-nitrophenyl- 
hydrazone. 

The clear aqueous solution from two such experiments was evaporated on the water-bath 
and the residual gum, after drying in a vacuum over sulphuric acid, was triturated with benzene, 
the solid (C) (0-2 g.) which separated being collected. After removal of the benzene the liquid 
acid was dissolved in aqueous sodium carbonate and oxidised with aqueous potassium perman- 
ganate at 0° (mechanical stirring) until the colour was permanent (2-5%; 150c.c.). The alka- 
line solution, after filtration, was concentrated, acidified, and repeatedly extracted with ether. 
Evaporation of the ether from the dried extract gave a partly crystalline acid (9 g.). The acid 
was esterified with methyl alcohol (50 c.c.) and sulphuric acid (5 c.c.), and the resulting ester, 
isolated in the usual manner, distilled under diminished pressure, yielding as the main fraction an 
oil (5-5 g.), b. p. 122—137°/16 mm., together with a considerable high-boiling residue. Hydrolysis 
of the methyl ester with methyl-alcoholic potassium hydroxide solution gave a crystalline acid. 
After trituration with benzene the acid was collected and crystallised from hot water, from which 
it separated in rosettes of needles, m. p. 135—136° after sintering at 120°, both alone and in 
admixture with a synthetic specimen of cis-homocaronic acid (Found: C, 55-6; H,6-9. Calc. for 
C,H,,0,: C, 55-8; H, 70%). The identity of the two acids was confirmed by the preparation 
of the di-p-phenylphenacyl esters, which crystallised from acetone—alcohol in soft prisms, m. p. 
147—149°, both alone and in admixture (Found: C, 76-9; H, 5-8. C3,H;,0O, requires C, 77-1; 
H, 5-7%). 

The acid (C) (above) crystallised from water in fine needles, m. p. 171—172°, and consisted 
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probably of impure trvans-caronic acid, m. p. 190° (Found: C, 55-7; H, 6-9; M,175. Calc. for 
C,H,,0,: C, 55-8; H, 70%; M, 172). 

Conversion of 1-A%-Carene-5 : 6-epoxide into Geranic Acid.—(i) With alkali. The epoxide 
(5 c.c.) was digested with aqueous potassium hydroxide (100 c.c.; KOH 2-8 g.) for 24 hours. 
After distillation in steam to remove a small quantity of volatile oil, the alkaline solution was 
acidified and extracted with ether, and the extract dried and evaporated. Two distinct pre- 
parations gave geranic acid, (i) b. p. 151—154°/23 mm., dj5- 0-9610, n?” 1-4758, [a], —1° (Found: 
C, 71-5; H, 9-9. Calc. forC,,H,,O,: C, 71-4; H, 95%); (ii) b. p. 153—156°/23 mm., di5- 0-9636, 
n® 1-4754, [a], —1° (Found: C, 70-9; H, 9-7%). On ozonolysis the acid gave acetone and 
levulic acid as the main products of the oxidation. On hydrogenation in alcohol with a palla- 
dium—norit catalyst the acids (1 g.) absorbed respectively 259 c.c. and 261 c.c. of hydrogen 
(calc., 267 c.c.). The reduced acid was identified as dl/-tetrahydrogeranic acid by conversion 
into the amide, m. p. 103-—104°, and the p-toluidide, m. p. 81°, both alone and in admixture with 
authentic specimens. From neither specimen of geranic acid could a crystalline -phenyl- 
phenacyl ester be prepared. (ii) With water. The epoxide (4-7 g.) was heated with water (10 
c.c.) at 150° for 3 hours. A somewhat impure geranic acid (3 g.), b. p. 148—150°/12 mm., 
ni* 1-4787, was obtained; the acid (2-5 g.) absorbed 725 c.c. of hydrogen (calc., 670 c.c.). A 
neutral oil (1°3 g.) was obtained also, from which a fraction, b. p. 90—120°/15 mm., was separated 
which yielded a 2 : 4-dinitrophenylhydrazone, m. p. 218°, identical with that described on p. 1503. 

Conversion of 1-A*-Carene-5 : 6-epoxide into cycloGeranic Acid.—The epoxide (30 c.c.) was 
mixed with ethyl-alcoholic potassium hydroxide solution (500 c.c.; KOH 15 g.) and kept at 
room temperature (24°) for 14 days. After the addition of water (3 1.) the neutral oil (15-5 c.c.) 
was removed by ether, and the alkaline solution concentrated to 250 c.c. On acidification a 
viscid oil separated, which solidified in the ice-box after 1 hour. The solid was collected and 
drained on porous porcelain, and the residue (14-7 g.) repeatedly crystallised from ligroin (b. p. 
30—40°). Ultimately a homogeneous acid crystallising in needles, m. p. 83°, was obtained in 
very small yield (Found: C, 71-6; H, 9-5. Calc. for C,9H,,0O,: C, 71-4; H, 95%). On 
catalytic hydrogenation it absorbed hydrogen corresponding to one ethylenic linkage, but the 

hydrogenated acid was not homogeneous. 
dl-1 : 8-Dichloro-p-menthan-3-one.—The epoxide (1 c.c.) in acetic acid (3 c.c.) was saturated 
with hydrogen chloride at 0°. After being kept overnight, the deep red solution was poured on 
ice, and the solid dichloride collected, drained on porous porcelain, and recrystallised from 
methyl alcohol, from which it separated in leaflets, decomp. 72° (Found: C, 54-2; H, 7-2; 
Cl, 31-7. Cy9H,,OCl, requires C, 53-8; H, 7-2; Cl, 31:8%). The chloride was optically 
inactive and decomposed on keeping. 

dl-1 : 8-Dibromo-p-menthan-3-one.—The epoxide (0-8 g.) was dissolved in acetic—hydrobromic 
acid (50% w.v.; 5c.c.) cooled in salt-ice. The red solution, on keeping overnight in the ice-box, 
set to a magma of crystals. After the addition of ice the solid was collected and crystallised 
from methyl alcohol, the dibromide separating in leaflets, decomp. 74° (Found: Br, 51:4. 
C,9H,,OBr, requires Br, 51-3%). It was extremely unstable. 

The dibromide (from the epoxide, 10 c.c.) in alcohol (100 c.c.) and palladium-—norit (3 g.; 
10%) was shaken with hydrogen. Hydrogenation was slow at atmospheric pressure and room 
temperature, but was complete in 10 hours at 3 atms. and 60°. The resulting ketone (4-5 g.), 
isolated in the usual manner, had b. p. 97°/23 mm. (Found : C, 78-2; H, 12-1. Calc. for C,)H,,0: 
C, 77-9; H, 11-7%). It was identified as di-menthone by the preparation of the oxime, m. p. 
80—81°, and the 2: 4-dinitvophenylhydrazone, which was dimorphic, crystallising from alcohol 
either in yellow leaflets, seen under the microscope to be small plates, or in needles, m. p. 
141—142°, both alone or in admixture with an authentic specimen kindly prepared for us by 
Dr. A. G. Short in Professor Read’s laboratory (Found: C, 57-6; H, 6-7. C,,H,,0,N, requires 
C, 57-5; H, 66%). 

Action of Sodium Acetate on dl-1 : 8-Dibromo-p-menthan-3-one: A‘ ®-p-Menthadien-3- 
one.—A solution of the dibromide (20 g.) in acetic acid (100 c.c.) was heated with anhydrous 
sodium acetate (20 g.) at 140° for 2 hours. The cooled solution was added to aqueous sodium 
carbonate (Na,CO,, 80 g.), the oil extracted with ether, the ether evaporated, and the residual 
oil, which contained bromine, digested with methyl-alcoholic potassium hydroxide solution 
(KOH, 3 g.) for 1 hour. The resulting ketone (6 g.), isolated by distillation in steam and 
extraction with ether, had b. p. 120—130°/16mm.,and on redistillation had b. p. 120—122°/14mm., 
d35- 0-9683, n" 1-5190, [a] 54, —0°1°, [Rz]p 46-66 (calc., 45-26) (Found: C, 79-5; H, 9-3. C, H,,0 
requires C, 80-0; H, 9-3%). The ketone was a colourless mobile oil, becoming yellow on 
keeping; its odour was somewhat unpleasant but on dilution with alcohol was reminiscent of 
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peppermint. The 2: 4-dinitrophenylhydvrazone separated as a somewhat gummy solid, becoming 
crystalline on scratching; the «-form crystallised from ethyl acetate—alcohol in red feathery 
needles, m. p. 187° (Found: C, 58-7; H, 5-4. C,,H,,0,N, requires C, 58-2; H, 5-5%). The 
more soluble $-form crystallised from methyl alcohol in red leaflets, seen under the microscope 
to be long lathes, m. p. 125—127° (Found : C, 58-2; H, 5-7%). The ketone reacted rapidly with 
hydrobromic—acetic acid (w. v. 50%), yielding dl-1 : 8-dibromo-p-menthan-3-one, decomp. 74° 
both alone and in admixture. 

Ozonolysis of A***®-p-Menthadien-3-one.—The ketone (6-5 g.) in methyl acetate (50 c.c.) was 
ozonised at 0° until ozone passed freely through the solution. After removal of the solvent 
under diminished pressure, water (10 c.c.) was added, and the ozonide decomposed by passing 
steam through the mixture. The steam distillate was extracted once with ether to remove some 
oil in suspension, and a portion of the aqueous solution was mixed with aqueous 2: 4-dinitro- 
phenylhydrazine sulphate, a yellow hydrazone being deposited. This, after crystallisation from 
ligroin (b. p. 60—80°), had m. p. 123—125°, raised to 125—126° in admixture with acetone-2 : 4- 
dinitrophenylhydrazone. The main portion of the steam distillate was saturated with ammon- 
ium sulphate and repeatedly extracted with ether. The combined ethereal extracts, including 
the first (see above), left on evaporation a small quantity of an oil, from which a semicarbazone 
was prepared. This crystallised from methyl alcohol in leaflets, decomp. 232—233°; it was not 
identified (Found: C, 52-3, 52-8; H, 4-4, 4:6; N, 20-3. C,H,O,N, requires C, 52-2; H, 4-3; 
N, 20-3%). 

The aqueous residue from the steam distillation was evaporated, finally in a vacuum over 
sulphuric acid, and the brown semicrystalline residue triturated with chloroform, which left 
undissolved a solid (2-2 g.). The chloroform was evaporated, the brown gum dissolved in ether, 
and the ethereal solution washed with aqueous sodium carbonate (A), dried, and evaporated. 
The residual oil (0-2 g.), which was soluble in aqueous sodium hydroxide, yielding a solution 
which rapidly oxidised, gave an intense green colour with ferric chloride. It did not crystallise 
and no derivatives could be prepared. 

The sodium carbonate solution (A) was acidified; the acid (3-2 g.) recovered by ether was a 
brown oil, which partly crystallised on trituration with chloroform. After removal of the solid 
(0-4 g.) the filtrate was evaporated, the residue dissolved in cold water and filtered from a little 
tar, and the filtrate treated with aqueous 2: 4-dinitrophenylhydrazine sulphate. The 2: 4- 
dinitrophenylhydrazone, after crystallisation from chloroform—methy] alcohol, had m. p. 205— 
206°, both alone and in admixture with levulic acid 2: 4-dinitrophenylhydrazone (Found : 
N, 18-9. Calc. for C,,H,,0,N,: N, 18-9%). 

The solid acid (2-6 g.), m. p. ca. 110°, was repeatedly crystallised from benzene, from which it 
separated in nodules, m. p. 121—122° but not clearing till 125° (Found : C, 52-8; H, 6-3; M, 157. 
C,H 4.0, requires C, 53-2; H, 6-3%; .M, 158). On ozonolysis in acetic acid solution the acid 
gave in quantitative yield levulic acid, identified by the preparation of the 2 : 4-dinitrophenyl- 
hydrazone, m. p. 205—206° both alone and in admixture. On evaporation of an aqueous solution 
of the ammonium salt of the unsaturated acid a solid separated which was sparingly soluble in 
alcohol. This was collected, the salt decomposed with dilute sulphuric acid, and the acid re- 
covered by ether. The acid now crystallised from water or benzene—acetone in rosettes of small 
prisms, m. p. 140—141° (Found: C, 53-6; H,6-3%). This acid (0-2 g.) was reduced with sodium 
(4 g.) in alcohol; the reduced acid, isolated by ether in the usual manner, had m. p. 88—90°, 
raised to 92—93° by crystallisation from benzene; in admixture with 6-methyladipic acid, m. p. 
93—94° (Found: C, 52-8; H, 7-3. Calc. for C,H,,0,: C, 52-5; H, 7-5%). The identity was 
confirmed by the preparation of the di-p-phenylphenacyl ester from both acids. This crystallised 
from ethyl acetate in needles, m. p. 124—125° (Found: C, 76-0; H, 5-9. C;;H;,O, requires 
C, 76-6; H, 5-8%). 

The acid regenerated from the soluble ammonium salt from which the sparingly soluble salt 
of the acid, m. p. 140—141°, had been separated, was a somewhat mobile oil containing only 
traces of a crystalline solid. Catalytic hydrogenation and titration showed it to contain approxi- 
mately 60% of a lactone, presumably the lactone of 6-hydroxy-$-methylbutane-a8-dicarboxylic 
acid. 

Isomerisation of 1-A®-Carene-5 : 6-epoxide.—The epoxide (3 g.) was kept in a preheated bath 
at 160—165° for 10 minutes and the product from two such experiments, which was deep yellow, 
was dissolved in ether, a trace of acid removed by aqueous sodium hydroxide, and the oil 
remaining after removal of the ether from the dried extract distilled at-13 mm. Two fractions, 
(i) b. p. —95° (0-8 g.) and (ii) 95—140° (3 g.), were obtained. Fraction (ii) was a yellow oil which 
became sage-green on exposure to air. With Brady’s reagent it reacted immediately to give a 
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deep red solid, m. p. 203° (0-5 g. from 0-5 g. of oil). The 2: 4-dinitrophenylhydvazone crystallised 
from ethyl acetate or cyclohexyl acetate in purple needles, m. p. 218—220° (Found : C, 58-4; 
H, 5-4. C,,H,,0,N, requires C, 58-2; H, 5-4%). Evidence of the presence of a second dinitro- 
phenylhydrazone was obtained, but this could not be purified. The semicarbazone, which 
formed rapidly when the ketone was treated with semicarbazide acetate in alcoholic solution, 
had m. p. ca. 150°. By fractional crystallisation from methyl and ethyl alcohols two apparently 
homogeneous semicarbazones were obtained. The more sparingly soluble a-semicarbazone 
(0-2 g. from 3 g. of semicarbazone) crystallised from acetic acid in prisms, decomp. 221—222° 
after sintering at 212° (Found : C, 64-4; H, 8-5. C,,H,,ON, requires C, 63-8; H, 8-2%). The 
8-semicarbazone crystallised from methyl alcohol, in which it was very readily soluble, in needles, 
decomp. 183—185° (Found : C, 64-1; H, 8-5%). The bulk of the semicarbazone was an in- 
separable mixture, m. p. 150—170°, which became reddish-brown on exposure to air. All the 
fractions of the semicarbazone were strongly phototropic. 

Action of Aqueous 2 : 4-Dinitrophenylhydrazine Sulphate on the Epoxide.—The epoxide (0-7 g.) 
was mixed with aqueous 2: 4-dinitrophenylhydrazine sulphate (60 c.c.; 6-7 c.c. = 1 g. of the 
hydrazine) and kept in the cold with occasional shaking for 5 days. The supernatant liquid was 
decanted from the gummy solid, and the latter triturated with ligroin (b. p. 40—60°). The gum 
was dissolved in hot alcohol, and the alcohol decanted from the oil which separated on cooling 
and kept for some days, a yellow crystalline solid being slowly deposited. After crystallisation 
first from methyl alcohol and finally from ligroin (b. p. 60—80°) the 2 : 4-dinitrophenylhydrazone 
of the hydroxy-ketone was obtained in light yellow needles, m. p. 145—147° (Found : C, 55-2; 
H, 5:5. C,,H,.O,;N, requires C, 55-2; H, 5-7%). 

Action of Alcoholic 2: 4-Dinitrophenylhydrazine Sulphate on the Epoxide.—The epoxide 
(0-9 g.) was mixed with an alcoholic solution (50 c.c.) of 2: 4-dinitrophenylhydrazine (1-5 g.) 
and sulphuric acid (3 c.c.), the solution, which gradually became red, being kept for 8days. The 
red solid (A) (0-8 g.), m. p. 140—148°, which had separated was collected; the filtrate, after the 
addition of a little dilute sulphuric acid, deposited yellow needles (B), m. p. 145—147°. Crystal- 
lisation of (A) from ethyl acetate gave a sparingly soluble a-2 : 4-dinitrophenylhydrazone in well- 
formed garnet prisms, m. p. 192—193° (Found: C, 57-7; H,6-3; N,15-2. C,,H,,O,N, requires 
C, 57-4; H, 6-4; N, 14:9%). From the ethyl acetate mother-liquor a 8-2 : 4-dinitrophenyl- 
hydvazone, orange-coloured prismatic needles, m. p. 165—166° after sintering at 163°, was 
obtained by prolonged fractional crystallisation first from alcohol and finally from ligroin (b. p. 
60—80°) (Found : C, 57-5; H, 6-1; N,15-2%). The 2: 4-dinitrophenylhydrazone (B) was not 
obtained quite pure, but it appeared to be identical with that derived from the hydroxy-ketone 
referred to above. 

Action of Semicarbazide Acetate on the Epoxide.—The epoxide (38 g.) in methyl alcohol 
(200 c.c.) was kept with aqueous semicarbazide acetate for 5 days, and for a further 3 days in the 
ice-box after dilution with water; the precipitated gummy solid was collected and washed with 
ligroin to remove oil (16 g.). The semicarbazone (21-7 g.), after crystallisation from methyl 
alcohol, had m. p. 192°, [a] 54.; —95° in pyridine (c, 4-55) (Found: C, 63-8; H, 8-0. C,,H,,ON; 
requires C, 63-8; H, 8-2%). Repeated fractional crystallisation gave one fraction in feathery 
needles, m. p. 192—194°, [a]544, —70° in pyridine (c, 3-46) (Found: C, 64:0; H, 8-2%), and 
another in well-formed prisms, m. p. 199° (Found: C, 64-2; H, 8-2%). 

The semicarbazone (2 g.) was hydrogenated in ethyl-alcoholic solution, a palladium—norit 
catalyst being used; absorption of hydrogen corresponding to two molecules was complete in 
10 hours. The product, m. p. 183—187°, was a mixture, from which by crystallisation from 
alcohol an apparently homogeneous semicarbazone, m. p. 212°, separating in prisms, was 
obtained (Found: C, 62-8; H, 10-1. C,,H,,ON, requires C, 62-6; H, 9-9%). 

When the semicarbazone (0-5 g.), m. p. 192°, was kept in an alcoholic solution (20 c.c.) of 
2 : 4-dinitrophenylhydrazine (0-7 g.) and sulphuric acid (1-4 c.c.) for 10 days, a red crystalline 
2 : 4-dinitrophenylhydrazone (0-1 g.) separated, and after dilution with dilute sulphuric acid a 
further quantity (0-65 g.) was deposited ina week. By crystallisation the a-2 : 4-dinitrophenyl- 
hydrazone, m. p. 192° (Found ; C, 57-7; H, 6-1%), and $-hydrazone, m. p. 165—166° (Found : 
C, 57-7; H, 6-4%), identical with those described above were obtained. 

Hydrolysis of the Semicarbazone.—The semicarbazone (15 g.) was distilled in steam in the 
presence of phthalic acid and the volatile oil, after isolation in the usual manner, was fractionated 
at 15mm., yielding two fractions, (i) b. p.— 120° (3 g.) and (ii) b. p. 120—135° (4g.).  Redistillation 
gave two main fractions, (a) 87°/15 mm., dg. 0-9385, nM 1-4712, [a]ssg, + 26°3° (Found : C, 
77°8; H, 9-7. C,H .O requires C, 76-4; H, 9-1%), and (b) 127—130°/13 mm., a 0-9851, 
n° 1-5029, [a]sue1 + 652° (Found: C, 75-2; H, 9-2%). From fraction (a) a 2: 4-dinitrophenyl- 
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hydrazone was prepared which crystallised from ethyl acetate in long, brick-red needles, m. p. 
176—177° (Found: C, 53-6; H, 4-7. .C,;H,,0,N, requires C, 53-8; H, 4-8%). Direct comparison 
showed this 2 : 4-dinitrophenylhydrazone not to be identical with the corresponding derivative 
of 2-methyl-A®-cyclohexenone, which formed red prisms from ethyl acetate, m. p. 202—203° 
(Found: N, 19-0. C,;H,,O,N, requires N, 19-3%), or with that of 3-methyl-A?-cyclohexenone, 
which formed red prismatic needles from ethyl acetate, m. p. 160° (Found: N, 19-5%). 

From fraction (b) no crystalline derivatives could be prepared. The oil, however, contained 
a quantity of A?*4®-p-menthadien-3-one (see p. 1501), since, on ozonolysis, it gave acetone 
together with the butene acid (p. 1502), which after crystallisation from benzene had m. p. 121— 
122° (Found: C, 52-8; H, 6-1. C,H,)O, requires C, 53-2; H, 6-3%). 


We are greatly indebted to Dr. A. E. Gillam of the University of Manchester for the deter- 
mination of the absorption spectrum of the epoxide. We desire also to acknowledge grants 
from the Government Grants Committee of the Royal Society and Imperial Chemical 
Industries Limited. 
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317. The Constituents of Some Indian Essential Oils. Part XX VI. 
The Structures of l-«- and §-Curcumenes. 


By F. D. Carter, F. C. Copp, B. SanjtvA Rao, J. L. SIMONSEN, and (in 
part) K. S. SUBRAMANIAM. 


The two hydrocarbons present in the essential oil from the rhizomes of Curcuma aro- 
matica have been further examined. J/-«-Curcumene is now shown to have the composi- - 
tion C,,H,, and to be a mixture of 1-t-p-tolyl-8-methyl-A®-heptene (I) and 1-{-p-tolyl-g- 
methyl-A*-heptene (II). The main products of the ozonolysis of the hydrocarbon were 
found to be 1-y-p-tolyl-n-valeric acid (IV) and 1-methyl 8-p-tolylpentyl ketone (V). 1-B- 
Curcumene has been found to be a mixture of the sesquiterpene hydrocarbons (VI) and 
(VII); it gave on oxidation a diketone, probably (IX), and a keto-acid (X) from which 
a-methylglutaric acid (XI) was obtained by oxidation with sodium hypobromite. 


THE separation from the essential oil occurring in the rhizomes of Curcuma aromatica of two 
hydrocarbons, /-«- and /-8-curcumene, has been described previously (Rao, Shintre, and 
Simonsen, J. Indian Inst. Sci., 1926, 9, A, 140; Rao and Simonsen, J., 1928, 2496). They 
were characterised by the preparation of a number of crystalline derivatives but, at the time, 
no evidence of their structures was obtained, although it was suggested that they 
were monocyclic sesquiterpenes. A further study of these hydrocarbons has now shown 
/-8-curcumene to be a monocyclic sesquiterpene, C,;H,,, but the analysis of /-a-curcumene 
and of some of its crystalline derivatives, together with an examination of its degradation 
products, has proved it to be a mixture of (I) and (II). 


(I) p-CsH,Me-CHMe-CH,*CH,CH:CMe, —2'> $-C,H,Me-CHMe-CH,-CH,-CHO 
—-> p-C,H,Me-CHMe-CH,-CH,CO,H_ (1V.) 


p-CgH,Me-CHMe-CH,*CH,*CH,‘CMe:CH, > p-C,H,Me-CHMe-CH,:CH,’CH,COMe 
_ (IL) (V.) 


It was recorded previously (/oc. cit., p. 2498) that on digestion with selenium «-curcumene 
did not yield a naphthalene hydrocarbon; it has now been found that the monohydro- 
chloride, when heated with this reagent, gives cadalene together with an azulene. Con- 
firmation of the structure of the carbon skeleton was obtained by oxidation of the hydro- 
carbon with manganese dioxide and sulphuric acid, a mixture of p-toluic, terephthalic and 
trimellitic acids being obtained. On ozonolysis /-«-curcumene, regenerated from the mono- 
hydrochloride, gave a mixture of acetone, formaldehyde, a levorotatory ketone, C,,H.,0, 
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b.p. 154°/15 mm., an aldehyde, C,,H,,0, characterised by its 2 : 4-dinstrophenylhydrazone, 
m. p. 94—95°, and a levorotatory acid, C,,.H,,Ox¢, b. p. 180°/17 mm. 

On oxidation with potassium permanganate the acid gave #-tolyl methyl ketone and 
there can therefore be no doubt that it is l-y-p-tolyl-n-valeric acid (IV). The dl-modification 
of this acid, synthesised by Rupe and Steinbach (Ber., 1911, 44, 584), yields p-tolyl methyl 
ketone on oxidation with potassium permanganate. The aldehyde was not obtained pure, 
but it follows that it must be represented by (III). These products, together with acetone, 
result from the degradation of 1-¢-p-tolyl-8-methyl-A*-heptene (I), andthe ketone C,,H,,O must 
clearly be 1-methyl 3-p-tolylpentyl ketone (V), being derived, together with formaldehyde, 
from 1-t-p-tolyl-8-methyl-A*-heptene (II). Comparative experiments on the ozonolysis of 
l-x-curcumene, regenerated from the monohydrochloride, and of the original mixture of 
hydrocarbons, as isolated by distillation, indicated that, whereas the former consisted of 
approximately equal quantities of (I) and (II), in the natural hydrocarbon (I) predominated. 
Experiments are in progress to confirm synthetically the structure assigned to /-«-curcumene. 

Less convincing evidence for the structure of /-6-curcumene, regenerated from the tri- 
hydrochloride, has been obtained, but it is clear that it is not homogeneous. On oxidation 
with selenium dioxide, a reagent which does not attack a-curcumene under the conditions 
employed, it gave a carbonyl derivative, C,;;H,.O, and an alcohol, C;;H,,0. The carbonyl 
derivative was shown to be an aldehyde, 1-8-curcumenal, since its oxime gave on digestion 
with acetic anhydride a miirile, from which an acid was prepared characterised by its 
crystalline anilide, m. p. 87°. This suggested that the parent hydrocarbon contained the 
group ‘CMe: or >C°:CH, as a part of the ring structure, the oxidation being analogous to 
that of «- and 8-pinenes to myrtenal. On the assumption that one of the other ethylenic 
linkages was present as an tsopropenyl or tsopropylidene group in the side chain the number 
of possible structures for the hydrocarbon was limited, since the optical activity necessitated 
the presence of a centre of asymmetry and it was known from previous experiments (loc. cit., 
p. 2505) that the hydrocarbon did not contain a conjugated system. A consideration of the 
various possibilities suggested that the most probable representation was (VI) or the related 
structure (VII). This was confirmed by a study of the products formed on ozonolysis, 
although these showed, as was mentioned above, that the hydrocarbon was not homo- 
geneous. The degradation products were formaldehyde, acetone, a diketone, CyH,,0,, 


CH, CHMe 0, 
Pasideotee —> HO,C-CH,CO-CHMe-CH,-CH,CH,*COMe (v1) 


—> Me*CO-CHMe-CH,°CH,°CH,-COMe (IX.) 


o, CHMeCOMe x) CH, CHMe 


ng ‘oi Yen, 


MeCCl CH, CH 
4 naosr (HMe-CO,H (XI) ; Le : é. - 
CH:CMe, ——> CH,°CH,°CO,H H, CH,°CMe,Cl 
(VIL) (XIL.) 


characterised by the preparation of a di-2 : 4-dinitrophenylhydrazone, m. p. 178—180°, 
together with small amounts of levulic acid and the degradation products of «-curcumene. 

The isolation of a diketone of the composition C,H,,0, (IX) clearly supported the 
suggested structure (VI), from which it would result by the decarboxylation of the primary 
oxidation product (VIII). The formation of levulic acid suggested contamination with 
bisabolene and there can be no doubt that /-a-curcumene also was present in the hydro- 
carbon. The quantity of the latter hydrocarbon must have been small, since it was not 
found possible to prepare its characteristic nitrosate. Confirmation of its presence was, 
however, obtained by catalytic hydrogenation. The occurrence of bisabolene was not 
unexpected, since the elimination of hydrogen chloride from the trihydrochloride (XII) (on 
the basis of VI or VII) would naturally give some of this hydrocarbon. 


—> CH,CH,CO,H 
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The presence of the isomeric hydrocarbon (VII), which should yield the keto-acid (X) on 
degradation, could not be recognised in the hydrocarbon regenerated from the trihydro- 
chloride. On ozonolysis, however, of the mixture of «- and $-curcumenes, as separated 
from the essential oil, no difficulty was experienced in obtaining «-methylglutaric acid (XI) 
by the oxidation with sodium hypobromite of the acid formed on hydrolysis of the appro- 
priate ester fraction of the acidic products from the ozonolysis. In this case there was no 
evidence of the formation of (VIII) and it would seem therefore that the natural hydro- 
carbon consists almost solely of (VII). 

The occurrence in natural oils of sesquiterpenes and of sesquiterpene derivatives accom- 
panied by related aromatic derivatives is uncommon. It is therefore of particular interest 
that the elegant investigations of Rupe and his collaborators (inter al., Rupe, Clar, Pfau, and 
Plattner, Helv. Chim. Acta, 1934, 17, 372; Rupe and Gassmann, ibid., 1936, 19, 569) have 
shown that the oil from the rhizomes of Curcuma longa contains the ketones ar-turmerone 
(XIII) and turmerone. The former is therefore a derivative of a-curcumene; the constitu- 
tion of turmerone has not been determined, but preference is given (loc. cit., p. 379) to (XIV), 
which makes it a derivative of B-curcumene. 


CHMe CH, CHMe 


(XIII.) Nou, Hé aa ou, (XIV.) 
CO MeC CH CO 


Me 
hn ae se 
CH:CMe, CH, CH:Me, 


Whilst «- and 6-curcumenes form the main constituents of the lower-boiling hydrocarbon 
fraction of the oil from C. aromatica, there is present also (1—2%) a hydrocarbon which 
contains a conjugated system, since it reacts with maleic anhydride. The adduct has not 
been obtained pure. From the higher-boiling blue fractions a black picrate, m. p. 120°, was 
prepared identical possibly with s-guajazulene picrate, m. p. 122—122-5°, described by 
Pfau and Plattner (Helv. Chim. Acta, 1936, 19, 858). 


EXPERIMENTAL. 


The hydrocarbon mixture was separated from the essential oil as described previously. It 
was found advantageous to remove the last traces of camphor by steam-distillation after the 
addition of alcohol. 

l-x-Curcumene.—The hydrocarbon, regenerated from the monohydrochloride (loc. cit., 
p. 2501), had b. p. 137°/17 mm., 43%: 0-8821, 29° 1-4989, [a]54g, — 34°3° (Found: C, 88-8; H, 
11-2. Calc. for C,;H,,: C, 89-1; H, 10-9%). Titration with perphthalic acid in chloroform 
solution showed the presence of only one ethylenic linkage and some error must have crept into 
the previous results (loc. cit., p. 2505) during the 478 hours for which the reaction mixture was 
kept. On hydrogenation in alcoholic solution with a palladium—norit catalyst absorption of 
hydrogen corresponding to one ethylenic linkage was extremely rapid; subsequent absorption 
was very slow, owing probably to hydrogenation of the aromatic nucleus. When the hydro- 
carbon was heated with selenium at 250° for 6 hours and at 280—310° for a further 8 hours, a 
deep blue oil, b. p. 150—170°/6 mm., was obtained. From this a black picrate, m. p. 120°, was 
prepared identical with that derived from the azulene fraction of the original oil. This azulene 
was formed also when /-«-curcumene monohydrochloride was heated with selenium under 
similar conditions; in addition, a sparingly soluble, yellow picrate was obtained, m. p. 115° 
alone and in admixture with cadalene picrate. The identity with this hydrocarbon was con- 
firmed by the preparation of the styphnate, m. p. 139°. 

l-x-Curcumene nitrosate, prepared as described previously (loc. cit., p. 2500), crystallised from 
methyl alcohol in needles, m. p. 101°, [«] 54g, — 20-3° in chloroform (c, 6-005). After 3 weeks the 
m. p. rose to 107° with a decrease in the rotatory power (— 14°; c, 5-256) (Found: C, 61-2; H, 
7-4. Calc. for C,,H,,0,N,: C, 61:2; H, 7:6%). 1-Dihydro-a-curcumenylamine had b. p. 
153—154°/14 mm. (Found: C, 82-6; H, 11-3. C,,H,,N requires C, 82-2; H, 11-4%), and its 
acetyl derivative, m. p. 109° (Found : C, 78-2; H, 10-1. C,,H,,ON requires C, 78-2; H, 10-3%). 

Conversion of 1-Dihydro-a-curcumenylamine into 1-«-Curcumene.—To a solution of the base 
(4-5 g.) in water (20 c.c.) and acetic acid (2 c.c.) a concentrated aqueous solution of sodium nitrite 
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(1-6 g.) was gradually added. After 2 hours the mixture was heated on the water-bath until the 
evolution of nitrogen was complete; aqueous sodium hydroxide (NaOH, 3 g.) was then added, 
and the heating continued for 15 minutes. The oil was extracted with ether, and the extract 
washed with dilute hydrochloric acid (to remove unchanged base) and aqueous sodium carbonate, 
dried, and evaporated. Distillation of the oil showed it to be a mixture of hydrocarbon and 
alcohol. For complete conversion into the hydrocarbon the mixture (11 g. from three experi- 
ments) was digested with potassium hydrogen sulphate (5 g.) at 190—-200° for 3 hours. The oil, 
recovered by steam-distillation and extraction with ether, had b. p. 130—140°/11 mm. and gave 
after two distillations over sodium l-«-curcumene, b. p. 130°/13 mm., d3%: 0-8775, n?" 1-5001, [a] sys1 
— 41-47° (Found: C, 89-2; H,11-0%). The identity was confirmed by the preparation of the 
nitrosate. 

Oxidation of l-a-Curcumene.—(1) With manganese dioxide. The hydrocarbon was oxidised 
with manganese dioxide and sulphuric acid under the conditions used by Ruzicka, Schinz, and 
Meyer (Helv. Chim. Acta, 1923, 6, 1077). In the resulting mixture of acids, separated by the 
fractionation of their methyl esters, p-toluic acid, m. p. 180° (anilide, m. p. 147°), terephthalic 
acid (methyl ester, m. p. 140°), and trimellitic acid, m. p. 233°, were identified. 

(2) With ozone. A solution of the hydrocarbon (6 c.c.) in methyl acetate (40 c.c.) was 
ozonised at 0° until ozone passed freely through the solution, the issuing gases being passed 
through water (A). After removal of the solvent under diminished pressure, water (10 c.c.) was 
added, and the ozonide decomposed by heating on the water-bath under conditions permitting 
the trapping of any readily volatile carbonyl derivative in an aqueous solution of p-nitrophenyl- 
hydrazine acetate (B). After heating for 1 hour on the water-bath, the solution was boiled for 4 
hour, cooled, and extracted with ligroin (b. p. 60—80°). The ligroin solution was washed with 
aqueous sodium hydroxide (C), and the solvent removed, leaving an oil (D). The aqueous 
solution (A) gave with dimedone a precipitate identified as the formaldehyde derivative, m. p. 
181° both alone and in admixture. From (B) the yellow precipitate (0-5 g.) was collected and 
crystallised from dilute alcohol, from which it separated in needles, m. p. 148° both alone and in 
admixture with acetone-p-nitrophenylhydrazone. The oil (D), dissolved in alcohol, was added 
gradually to a suspension of silver oxide (from AgNO,, 12 g.) in dilute aqueous sodium hydroxide, 
and the mixture heated on the water-bath for 5 hours. The neutral oil was removed in steam, 
and the filtered alkaline solution added to (C). The volatile oil (7 g. from 18 c.c. of hydrocarbon), 
isolated by ether, was mixed with an excess of semicarbazide acetate, and the semicarbazone 
collected and washed with ether to remove oily impurities. The semicarbazone (5-4 g.) crystal- 
lised from methyl alcohol in prismatic needles, m. p. 138—139° after sintering at 134° (Found : 
C, 69-3; H, 9-0. C,,;H,,ON, requires C, 69-0; H, 8-8%). For the isolation of the ketone the 
semicarbazone (12 g.) was mixed with dilute sulphuric acid (10%; 50 c.c.) and distilled in 
steam. 1-Methyl y-p-tolylpentyl ketone, isolated from the steam-distillate by ether, was a viscid 
oil with a somewhat unpleasant odour, b. p. 154°/15 mm., 43%. 0-9454, n?” 1-5016, [a] 544, — 30°8° 
(Found: C, 82:3; H, 9-5. C,,H,.O requires C, 82-4; H, 9-8%). With Fuson’s reagent it gave 
iodoform. 

In one experiment the oil, prior to treatment with silver oxide, was mixed with an alcoholic 
solution of 2 : 4-dinitrophenylhydrazine sulphate; a red oil separated on keeping. The alcohol 
was decanted, and the oil washed with dilute sulphuric acid and extracted with ligroin (b. p. 
60—80°). The ligroin solution deposited y-p-tolylvalervaldehyde-2 : 4-dinitrophenylhydrazone as a 
yellow solid, which, after further crystallisation from ligroin, was obtained in golden leaflets, 
m. p. 94—-95° (Found: C, 61:2; H, 5-8; N, 16-1. C,gsH,,O,N, requires C, 60-7; H, 5-6; N, 
15-7%). A further quantity of the hydrazone was obtained by dilution of the original alcoholic 
solution. . 

The alkaline solution (C) was acidified, the acid extracted with ether, and the solvent 
evaporated from the dried extract. 1~y-p-Tolyl-n-valeric acid was a viscid oil, b. p. 180°/17 mm., 
[]5s61 — 13-82° in alcohol (c, 13-243) (Found: C, 75-1; H, 8-2. C,,H,,O, requires C, 75-0; 
H, 8:3%). The p-phenylphenacyl ester crystallised from methyl alcohol in leaflets, m. p. 73—74° 
(Found: C, 80-7; H, 6-6. C,,H,,O, requires C, 80-8; H, 6-7%). 

Oxidation of |~y-p-Tolyl-n-valeric Acid.—To a solution of the acid (3 g.) in aqueous sodium 
carbonate, aqueous potassium permanganate (4%) was added gradually. The oxidation was 
slow and was complete after the addition of 240 c.c. Distillation in steam gave an oil, from 
which a semicarbazone was prepared crystallising from methyl] alcohol in prisms, m. p. 204° both 
alone and in admixture with p-tolyl methyl ketone semicarbazone (Found: N, 21-7. Calc. for 
Ci9H,3ON; : N, 22-0%). 

1-8-Curcumene.—The hydrocarbon, regenerated from the trihydrochloride as described 
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previously (loc. cit., p. 2504), had b. p. 142°/19 mm., a 0-8670, n}” 1-491, [a)s46, — 48-2° 
(Found: C, 88-0; H, 11-7. Calc. for C,,H,,: C, 88-2; H, 11-8%).* On catalytic hydrogena- 
tion absorption of hydrogen corresponding to two ethylenic linkages was rapid (ca. 2 hours), but 
subsequently it became very slow and reached approximately 80% of the quantity required for 
three ethylenic linkages only after 15 hours. §-Curcumene was readily oxidised by chromic acid 
to terephthalic acid. 

Ozonolysis of 1-8-Curcwmene.—The hydrocarbon (5 c.c.) in methyl acetate (50 c.c.) was 
ozonised as described above for a-curcumene, the products being separated in a similar manner. 
Formaldehyde (dimedone derivative) and acetone (p-nitrophenylhydrazone) were identified. 
The neutral oil (from 20 c.c. of the hydrocarbon), after distillation in steam, was distilled at 
20 mm., yielding three fractions : (a) b. p. — 100°, (b) b. p. 145—155°, (c) b. p. 155—165°. From 
fraction (a) a di-2 : 4-dinitrophenylhydrazone was prepared which crystallised from cyclohexyl 
acetate in orange needles, m. p. 178—180° (Found: C, 49-1; H, 4:7; N, 21-3. C,,H,O,N, 
requires C, 48-8; H, 4:6; N, 217%). From fractions (b) and (c) the semicarbazone of /-methyl 
y-p-tolylpentyl ketone, m. p. 1388—139°, and the 2 : 4-dinitrophenylhydrazone of y-p-tolylvaler- 
aldehyde, m. p. 94—95°, were obtained in small yield. The acid products of the ozonolysis 
(9 g.) were esterified with diazomethane, and the resulting ester fractionated at 20 mm., yielding 
three main fractions: (i) b. p. — 120°, (ii) b. p. 120—140°, and (iii) b. p. 160—170°. From a 
portion of fraction (i) a 2: 4-dinitrophenylhydrazone was prepared which crystallised from 
methyl alcohol in yellow needles, m. p. 147°, both alone and in admixture with methy] levulate 
2 : 4-dinitrophenylhydrazone (Found: C, 46-6; H, 4-4. Calc. for C,,H,O,N,: C, 46-4; H, 
4-5%). The remainder of the ester was hydrolysed with methyl-alcoholic potassium hydroxide 
solution, and the acid, isolated in the usual manner, identified as levulic acid by the preparation 
of the 2: 4-dinitrophenylhydrazone, m. p. 205—206° both alone and in admixture. Fraction 
(ii) (3 g.) showed ketonic properties, but no crystalline derivatives could be prepared from either 
the ester or the acid obtained therefrom by hydrolysis. The acid gave bromoform on oxidation 
with sodium hypobromite, but the dicarboxylic acid could not be obtained solid. From fraction 
(iii) y-p-tolyl-n-valeric acid was isolated and identified by the preparation of its p-phenyl- 
phenacy] ester. 

Ozonolysis of the Mixture of l-«- and 1-8-Curcumene.—The mixture of hydrocarbons (26 c.c.), 
as isolated from the essential oil, was ozonised as described above. Very little formaldehyde was 
obtained and acetone was present in considerable quantity. The neutral oxidation products 
(3-3 g.) consisted almost solely of the substituted valeraldehyde together with a small quantity of 
the pentyl ketone. The acidic products (20 g.) were esterified with diazomethane, the lower- 
boiling fraction (3 g.), b. p. 100—140°/23 mm., hydrolysed with methyl-alcoholic potassium 
hydroxide solution, and the resulting acid oxidised with aqueous sodium hypobromite. The 
dicarboxylic acid (1-2 g.), isolated by ether, crystallised and after draining on porous porcelain 
had m. p. 70°, raised to 76—77° by one crystallisation from chloroform-—ligroin (Found: C, 
49-2; H,7-0. Calc. for C,H,,0,: C, 49-3; H,6:9%). The identity with «-methylglutaric acid 
was confirmed by the preparation of the di-p-toluidide, m. p. 174°. The aqueous solution from 
which the glutaric acid had been extracted was further extracted with ether in a constant extrac- 
tion apparatus; a small quantity of succinic acid, m. p. 184—185° both alone and in admixture, 
was separated. 

Oxidation of the Curcumenes with Selenium Dioxide.—The mixture of hydrocarbons (20 g.) 
was gradually added to a solution of selenium dioxide (13 g.) in alcohol (100 c.c.) and after 1 hour 
was heated at 40—50° for 3 hours; the solution was then filtered from selenium and poured into 
water. The oil was extracted with ether, the extract dried over potassium carbonate, and the 
solvent removed. Distillation of the residual oil under diminished pressure (5 mm.) readily gave 
three fractions somewhat difficult to free from contamination with selenium : (i) b. p. 120—140° 
(8 g.); (ii) b. p. 155—160° (8 g.); (iii) b. p. 160—170° (1 g.). The last two fractions were deep 
blue owing to the presence of an azulene. Fraction (ji), after distillation over sodium, had b. p. 
119—122°/5 mm. (7 g:) and consisted essentially of /-«-curcumene. It was recovered practically 
unchanged after further treatment with selenium dioxide. The identity was confirmed by the 
preparation of the nitrosate. Fraction (ii) on redistillation had b. p. 159—160°/5 mm., d3)- 
0-9595, ni” 1-5202. On oximation (Stillman and Reed, Perf. Essent. Oil Rec., 1932, 28, 278) it 
was found to contain 66% of a carbonyl derivative. It gave with semicarbazide acetate the 
semicarbazone, m. p. 159°, described below. From the deep blue oil, b. p. 138—143°/5 mm., 


* The constants for this hydrocarbon recorded previously are incorrect. A reference to the original 
notes shows the following to be the correct values: dis; 0-8625, np 1-4888, [a]p — 375°. 
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d3°: 0:9536, n%” 1-5124, [a], — 35°, remaining after the removal of the aldehyde as semicarb- 
azone, an azulene was isolated by treatment with phosphoric acid (Ruzicka and Hagensmitt, 
Heiv. Chim. Acta, 1931, 14, 1104); it formed a black picrate, m. p. 120° (Found; N, 10-0. Calc. 
for C,;H_,C,H,O,N,: N, 9-8%). 

8-Curcumenal and B-Curcumenol.—To a solution of selenium dioxide (5 g.) in alcohol (80 c.c.), 
1-8-curcumene (10 g.) was added, and the mixture kept at 40—50° for 2 hours. The product 
(8-5 g.), b. p. 159—160°/4 mm., isolated in the usual manner, was treated with semicarbazide 
acetate and the semicarbazone (6-5 g.), which formed very rapidly, was collected. The residual 
oil, b. p. 150—153°/6 mm., was heated with phthalic anhydride in benzene solution for 3 hours, 
and the liquid hydrogen phthalate hydrolysed with ethyl-alcoholic potassium hydroxide; 
I-8-curcumenol, b. p. 175°/17 mm., d3§- 0-9563, ni?" 1-5164, [a], — 39°, was then obtained as a 
colourless viscid oil, The analytical figures were unsatisfactory. The p-xenylurethane crystal- 
lised from ligroin (b. p. 40—60°) in needles, m. p. 79—80° (Found: C, 81-1; H, 7-6. C,,H,;,0,N 
requires C, 81:0; H, 8-0%). Oxidation of an acetic acid solution of the alcohol with chromic 
acid gave B-curcumenal in a practically quantitative yield. 

The crude semicarbazone (see above), m. p. 153°, crystallised from alcohol in narrow rect- 
angular plates, m. p. 159°, [«]p — 77-8° in chloroform (c, 4-5) (Found: C, 70-0; H, 8-6; N, 15-7. 
C,,H,,ON; requires C, 69-8; H, 9-1; N, 154%). 1-8-Curcumenal, obtained from the semi- 
carbazone (39 g.) by digestion on the water-bath for 2 hours with oxalic acid (30 g.) in acetone 
(200 c.c.), was purified by distillation in steam, The yield of aldehyde (8 g.) was very poor and 
much unchanged semicarbazone was recovered. The aldehyde had b. p. 149—150°/3 mm., 
175°/17 mm., dj. 0-9644, nif” 1-5331, [a] 546, — 74:1° (Found: C, 82-5; H, 9-9. C,,H,,O 
requires C, 82-6; H, 10-1%); it was somewhat unstable and after digestion with water it no 
longer gave crystalline derivatives. The 2: 4-dinitrvophenylhydrazone crystallised from 
alcohol in orange needles, m. p. 139°, [«]) — 145-4° in chloroform (c, 3-4) (Found: N, 14:2. 
C,,H,,O,N, requires N, 14:1%). The nitvoguanylhydrazone separated from alcohol in lustrous 
plates, m. p. 151°, [«]p — 86-1° in chloroform (c, 3-1) (Found: N, 21-7. C,,H,,0O,N, requires N, 
21-9%). The oxime, prepared by digestion of an alcoholic solution of the aldehyde with hydr- 
oxylamine hydrochloride and sodium bicsrbonate for 2 hours, was a viscid oil, b. p. 170— 
175° /4 mm., d3%- 0-9851, nf" 1-5324, [«]p — 67° (Found: N, 6-3. C,,H,,ON requires N, 6-0%). 
B-Curcumenonitrile, b. p. 178—182°/17 mm., was formed when the oxime (3-4 g.) was heated on 
the water-bath with acetic anhydride (5 c.c.) and sodium acetate (1 g.) for 2 hours (Found: N, 
6-1. C,;H,,N requires N, 6-5%). For conversion into the acid the nitrile (2 g.) was digested 
with an excess of ethyl-alcoholic potassium hydroxide solution for 48 hours; evolution of 
ammonia had then ceased. {$-Curcumenylic acid, isolated in the usual manner, was a viscid 
oil. The methyl ester, prepared by the action of diazomethane, was a mobile oil, b. p. ca. 180— 
182°/16 mm. (Found: C, 77-5; H, 9-3. C,gH,,O, requires C, 77-4; H, 9-7%). The anilide, 
prepared by Ritchie’s method (J., 1936, 398), crystallised from methyl alcohol or ligroin (b. p. 
60—80°) in felted needles, m. p. 87° (Found: C, 81-8; H, 8-4. C,,H,,ON requires C, 81-6; 
H, 8-7%). 

A part of the expense of this investigation has been met by grants from the Government 
Grants Committee of the Royal Society and Imperial Chemical Industries Ltd. 
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318. The Kinetics of Chlorine, Iodine Chloride, and Bromine 
Chloride Addition to Olefinic Compounds. 


By E. P. WuitEe and P. W. RoBERTSON. 


The termolecular mechanism of halogen addition, previously demonstrated for 
bromine and iodine, is now also found to hold for their monochlorides. On the other 
hand, chlorine is added at a bimolecular rate in dissociating solvents. A theory, 


+ - 
involving the formation of addition compounds of the type >c—c<I—cl, is proposed 
to explain the termolecular additions. Certain anomalies occurring on chlorine addi- 
SF 
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tion are discussed, and the mechanism of 1 : 4-addition is proposed for «8-unsaturated 
aldehydes. 


PREVIOUS investigations in this series on halogen addition haye revealed the marked 
differences between reactions in dissociating and non-dissociating solvents. In acetic acid 
solution in the concentration region M/40, bromine reacts by a termolecular mechanism 
(Robertson, Clare, McNaught, and Paul, J., 1937, 335). Subsequent experiments. in this 
laboratory have shown that bromine addition is also termolecular in nitrobenzene solution. 
In carbon tetrachloride, on the other hand, the bromine additions show abnormal con- 
centration and temperature effects and the reactions are heterogeneous. Iodine addition, 
when due allowance is made for the reverse reaction, is analogous (Bythell and Robertson, 
J., 1938, 179), being termolecular in acetic acid and nitrobenzene and bimolecular in 
carbon tetrachloride and hexane. 

There has been little systematic work on the kinetics of the addition of chlorine, iodine 
chloride, and bromine chloride in solution. The reaction between chlorine and ethylene 
as gases was examined by Norrish and Jones (J., 1926, 55), Stewart and Fowler (J. Amer. 
Chem. Soc., 1926, 48, 1187), and Stewart and Smith (ibid., 1929, 51, 3082), and heterogeneous 
mechanisms established. No investigation is on record of the rate of chlorine addition in 
solution except an observation for cinnamic acid in carbon tetrachloride at one concentra- 
tion (Hansen and James, J., 1928, 1955). 

The orientation of the products obtained on iodine chloride addition to unsymmetrical 
‘ethylene compounds has been established by Ingold and Smith (J., 1931, 2742), and there 
is an extensive literature on its use as a reagent for the quantitative measurement of 
unsaturation, but kinetic measurements are lacking. Bromine chloride gives with af- 
unsaturated acids 8-chloro-«-bromo-derivatives, and the rates of such additions were 
measured in carbon tetrachloride and chloroform by Hansen and James (loc. cit.), but only 
at one concentration. Approximate bimolecular constants were obtained, and constitu- 
tive effects noted corresponding to those for bromine addition. 

In the present investigation, measurements were made of the rate of addition of the 
substances mentioned in the title to certain ethylenic substances in acetic acid solution and, 
in some cases, in nitrobenzene. The reactions in carbon tetrachloride, which, like the 
corresponding bromine and iodine additions, show abnormal concentration and temperature 
effects, will be described in a further communication. 


EXPERIMENTAL. 


The compounds used and the solvents, acetic acid and nitrobenzene, were purified as pre- 
viously described (J., 1937, 341; 1938, 182). In this investigation a semimicro-procedure was 
employed, generally two 5-ml. portions of the reacting solutions at the thermostat temperature 
being mixed in a 10-ml. brown bottle, and portions of 1 ml. being removed at intervals for 
titration. A standard micro-pipette, delivering 1-000 + 0-002 ml. of water in 40 secs., and a 
micro-burette devised by one of us (White, Ind. Eng. Chem., Anal., 1938, 10, 668), reading to 
0-005 ml., were used. For constancy in titration it was necessary to run the 1 ml. of halogen 
solution into a fixed volume, 10 ml., of 5% potassium iodide solution slightly acid with acetic 
acid, containing 0-6 ml. of preserved starch solution as described by Nicholls (ibid., 1929, 1, 
215); the end-point was the disappearance of the final pink tint. With nitrobenzene solutions, 
titration was difficult owing to complex iodide formation (Dawson, J., 1902, 81, 525), but with 
the addition of 1-5 ml. of chloroform a sharp end-point was obtainable. The measurements 
were made rapidly, as there is a tendency for reliberation of iodine from the solutions, more 
especially when iodine chloride is the reactant. Titrations were made with 0-02, 0-01, or 0-005n- 
sodium thiosulphate, freshly prepared from 0-01N-solution preserved with 1% of amy] alcohol. 
For the more rapid additions, a stop-clock graduated in 0-01 min. was used. 

In the measurements with chlorine correction was made, by a series of blank experiments, 
for the volatility loss which occurred on each opening of the reaction bottle. At time intervals, 
which within determined limits had little effect on this loss, five separate portions of 1 ml. from 
10 ml. of chlorine solution in the pure solvent were removed and titrated. This correction 
becomes greater. with increasing air space in the reaction vessel, but at each concentration is 
approximately the same fractional amount of total chlorine. The actual loss then can be 
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calculated for each stage of the reaction. The figures for a typical experimental run are given’ 
below, the corrections and the corrected chlorine absorptions being shown. When the zero 
titration figure, owing to difficulties in manipulating a volatile reagent, is not precisely adjusted, 
here 2-60 instead of 2-50, a small correction in the &, value must be introduced. 


: cis-Cinnamic acid (M/80) +- chlorine. (m/80) im acetic acid at 25°. 
Loss of Cl,, ml. of 0-01N-Na,S,0, = — 001 002 003 0-05 
Cl, absorption ,, os S 2-23 1-84 1-48 1-22 0-99 0-92 
PRIN . Santentien ses winaitcaitne dasecoses 0-63 1-47 2-74 4-08 6-37 7-47 
ky (1. g.-mol.- min.-2) 21 22 22 22 21 20 


Instead of calculating individual k, values, we plotted the % of chlorine absorption against 
the time and calculated kh, for each 10% of absorption. Several of the earlier runs were carried 
out in duplicate, and as the observational points fell weil on a single curve, the results are clearly 
reproducible. The following table gives the k, values for cis-cinnamic acid with the equivalent 
amount of chlorine in acetic acid at 25°. 


m/20. m/40. m/80. m/160. 
t. ° t. 

: 0-91 

1-93 

3-32 

5-18 

. 7:75 

. 11-45 
9- 20-80 


The constancy of the k, values over this range indicates the bimolecular character of 
chlorine addition. Similarly constant k, values were found for acrylic acid in acetic acid 
at 25°, viz., kg (mean) = 0-018 for m/40 and 0-017 for m/80. 

For trans-cinnamic acid, on the other hand, there was a slight upward drift of A, with the 
concentration in acetic acid, and to a smaller extent in nitrobenzene. There follows a summary 
of the &, values for the cinnamic acids : 


Acetic acid. Nitrobenzene. 


Solvent. M/20. m/40. m/80. m/160. M/40. m/80. m/160. 


eS Bg CE sosccvterseccesccenssces: Se 20 22 21 _ _ 75 
bANS-; Ry (25°) ....cccceccecccceceee 62 5-7 4:9 4:3 5-4 4-9 46 
(35%) >, cfonpperowaessae _— 3-4 2-7 _ 3-5 3-2 3-0 


* Values from slight prolongation log k—-1/T curve. 


It is to be noted that, whereas chlorine addition to the cis-acid is more rapid in nitrobenzene, 
yet that to the tvans-acid proceeds at the same rate in the two solvents. This behaviour, and 
the upward , drift for the tvans-acid, are discussed later. 

The rates of addition of chlorine to cinnamic and crotonic acids in acetic acid were unaltered 
by hydrogen chloride or by sodium acetate. With cinnamaldehyde and crotonaldehyde, on 
the other hand, they are accelerated by hydrochloric and sulphuric acid : m/40-cinnamaldehyde 
+ m/40-chlorine ia acetic acid at 25°, k, = 5 (values rising as reaction proceeds owing to small 
amount of HCl formation); addition of 200 mols. % of hydrochloric acid gives k, = 21, and of 
400 mols. % of sulphuric acid gives k, = 20. m/80-Crotonaldehyde + m/80-chlorine in acetic 
acid at 25°, kg = 42 (rising values) ; with 25 mols. % of sulphuric acid, kg = 350; with 100 mols. 
% of sodium acetate, k, = 0-6. The sodium acetate, being a base in acetic acid (Davidson and 
McAllister, J. Amer. Chem. Soc., 1930, 52, 517), reduces the power of the solvent to act as 
proton donor and thus lowers the rate of addition. 

Iodine monochloride was prepared by mixing equivalents of iodine and chlorine in acetic 
acid; the titre remained constant for several days, but then decreased, hydrogen chloride being 
formed. The choice of ethylene compounds is limited; undecenoic acid reacts instantaneously 
with this reagent, and the more slowly reacting cinnamic and crotonic acids liberate hydrogen 
chloride, which causes secondary reactions; but the reaction with allyl acetate went to comple- 
tion at a measurable rate, 1 mol. of the acetate reacting with 1 mol. of the chloride. Owing to 
the rapidity of this reaction, the early stages were measured by a semimicro-modification of the 
special rapid technique previously described (J., 1937, 341), and for the later stages the ordinary 
method was used. The results were reproducible, and furthermore both sets of observations 
fitted smoothly into the composite curve. From such curves the following results were 
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obtained, the k, values being calculated by the same formula as for bromine addition (J., 1937, 
336), as 1. g.-mol.- min.-. 


Allyi acetate +- iodine monochloride in acetic acid at 25°. 
m/40. m/80. m/40. m/80. 
x, %. ¢(mins,). &,x10%. ¢(mins.). &,x10°.  —¥, %. ¢(mins.). &,x10%.  ¢ (mins.). &, x 10°. 
20 0-042 44 0-16 45 50 0-20 48 0-85 45 


30 0-068 48 0-29 46 60 0-40 44 1-50 47 
40 0-12 47 0-49 46 70 _ —_ 2-80 46 


Acrylic acid differs from cinnamic and crotonic acids in that iodine chloride addition goes 


to completion in acetic acid at 25° : 
m/20. m/40. m/80. 


casgucnccconcesonaes 18 18 20 
* Reaction not followed to #}, as reaction of iodine chloride with the solvent becomes measurable 
after 5000 mins. 

The results for these two compounds reveal that addition of iodine chloride, like that of 
bromine and iodine, proceeds by a termolecular mechanism. 

The influence of hydrogen chloride on the addition of iodine chloride was examined. The 
ion ICI,’ is stable in aqueous solution (Philbrick, J. Amer. Chem. Soc., 1934, 56, 1257), but there 
appears to be no experimental evidence with regard to the existence of HICI, in organic solvents. 
From the very marked change in colour that takes place on addition of hydrogen chloride to 
iodine chloride in acetic acid, it may be concluded that there is considerable formation of HIC],. 
Hydrogen chloride reduces the rate of addition of iodine chloride considerably, as was found 
for undecenoic acid and allyl acetate, and with cinnamic acid and o-methoxycinnamic acid there 
is complete inhibition. The following results for allyl acetate show that, together with the 
slowing down of the reaction, there is a change from the termolecular mechanism to one which 
is apparently bimolecular. Previous experiments had shown that there was no ester fission 
under the experimental conditions. 

M/40-Allyl acetate +- M/40-iodine chloride in acetic acid at 25°, with added hydrogen chloride. 


I i cctenseanes |), ae 0-25 1 2 s 16 
hy (8% =e 20) acccccccccssseeee 270 170 130 83 14 12 


he (8% GO) cacccccccccececee. 150 130 95 84 15 13 


The equilibria that «f-unsaturated acids form with iodine chloride are influenced by the 

hydrogen chloride resulting from lactone formation from the addition products, 
R-CHCI-CHI-CO,H 
(cf. Béeseken and Gelber, Rec. Trav. chim., 1927, 46, 1629); the HICI, produced inhibits the 
reaction, whereas if sodium acetate is present to combine with the hydrogen chloride, there is 
100% absorption. The following equilibria were measured in acetic acid at 25°, for equi- 
molecular reactants : 
Acid. trans-o-Methoxycinnamic. ¢rans-Cinnamic. Crotonic. 
Absorption of ICI, %, M/20 .........ececeeserees 22 26 80 
M/40 ... desccbusconpe 13 17 69 

Colorimetric measurements (Barratt and Stein, Proc. Roy. Soc., 1929, A, 122, 582) show that 
in carbon tetrachloride the equilibrium Br, + Cl, Z 2BrCl corresponds with 60% BrCl form- 
ation. No measurements are available for acetic acid solutions, but a comparison of the tints 
in the two solvents indicates that the equilibrium is of the same order. Preliminary experi- 
ments with cinnamic and crotonic acids in acetic acid had shown approximately constant ter- 
molecular values at M/40 and M/80; it was further found that the reaction with two mols. of 
BrCl and one mol. of acid was considerably more rapid than with the reverse ratio. These 
additions, however, were accompanied by substitution side reactions, and were not suited for 
more precise kinetic observation. Dilution of the acetic acid with 80% of carbon tetrachloride 
made the reaction considerably slower, thus eliminating disturbing side reactions, without 
apparently introducing heterogeneous disturbagces. The value of m (the reaction order) for 
cis-cinnamic acid (M/40—wm/80) in this solvent at 25° was 2-9. The rates of addition for different 
mixtures of bromine and chlorine are given for cis-cinnamic acid at 25° (reactants, m/40) : 

Cl,  4{Cl,) + (Br). (Cl) + [Br,]. (C1, + 2(Br,). 
hy (¥% = 20) verveevsseeerssesenee O12 0-22 0-42 0-28 
hk, (#% = 50) 0-19 0-33 0-21 


” Lad 
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The maximum rate is given by the equimolecular mixture of the two halogens in accordance 
with the equilibrium Br, + Cl, 2BrCl. The constancy of the f, values as the reaction 
proceeds indicates its bimolecular character for chlorine, but with the Br, + Cl, mixtures k, 
decreases during the reaction as the mechanism tends to become termolecular. Since there is 
60% of bromine chloride present in the equimolecular mixture, it can be calculated from the 
above results that the relative contributions of this and chlorine at the beginning of the reaction 
are in the ratio 15:1. Thus the contamination of the termolecular bromine chloride addition 
by the bimolecular chlorine addition is slight, and this is in accord with the value, 2-9, obtained 
for the order of the reaction. 


DISCUSSION. 


The results so far obtained in this series of investigations on halogen addition show that 
whereas addition of chlorine is bimolecular, that of Brg, I,, ICl, and BrCl to olefinic com- 
pounds is termolecular. As the relative rates are approximately the same for different 
compounds in acetic acid, it is possible to make a general comparison : 


I,. IBr. ICl. Br,. - BrCl. 
1 3 x 108 108 108 4 x 10 


An absolute comparison with the rate of chlorine addition cannot be made, as this 
proceeds by a mechanism of a different order, but in m/40-solutions in acetic acid, this 
addition proceeds at 10 the rate of iodine addition. 

Termolecular halogen addition, in which two molecules of X, participate for each mole- 
cule of unsaturated compound, might be expected to involve the formation of a complex 
A,Xg, which reacts with a second molecule of X,. Olefins are known to form co-ordination 
compounds with certain metallic salts and thus act as donor molecules. As both bromine 
and iodine can expand their outer ring of electrons, such addition compounds would be 
theoretically possible (I). : 


+ 


Sets, Di AR. — 
I 1 
1 


Cl 
| 
(I.) (II.) (III.) 

The further possibility that (I) might be stabilised by resonance, (II) being the alternate 
form of the resonance hybrid, is not excluded. This condition has been proposed by 
Winstein and Lucas (J. Amer. Chem. Soc., 1938, 60, 836) to explain the addition of ethylenes 
to silver salts. Such resonance, however, involves the formation of what is virtually a 
three-membered ring, with consequent molecular strain. On the other hand, the opposite 
charges on the carbon and the halogen might confer stability on the pyramidal structure. 
Whether there is resonance or not, the momentary influx of elecirons occasioned by 
collision of I with a second molecule of ICl might be expected to promote anionisation 
and cause a rupture of the I-Cl link, thus causing an all-over termolecular reaction. 

From a consideration of the relative stability of HICl, and HBr, in comparison with 
the extreme instability of HCl,, it can be concluded that the chlorine atom, compared with 
bromine and iodine, expands its outer ring of electrons only with difficulty. In addition 
of chlorine there is less likelihood of intermediate complex formation and the reaction is 
consequently bimolecular, as the formation of the C-Cl link immediately breaks the bond 
between the two chlorine atoms (III). 

This theory also explains the behaviour of HICI, on addition. In this compound the 
increase in the outer ring of iodine electrons must decrease the tendency to form the addi- 
tion complex. The rate-determining change then becomes the slow bimolecular reaction 
between HICI, and the ethylene compound. 

The theory may further be applied to the reverse reaction to halogen addition. This 
occurs readily with iodine, but with bromine only when there is considerable electronic 
regression from the ethylenic system, ¢.g., with CHPh:CPh°CN (Bauer and Moser, Ber., 
1907, 40, 918), or with CHPh:CHPh in the presence of a catalyst such as pyridine (Pfeiffer, 
Ber., 1912, 45, 1810); with chlorine, it does not occur at all. Iodine acts as a catalyst in 
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decomposing compounds of the type >CI°-CI< (cf. J., 1938, 182). The possibility of 
interaction between iodine and I joined to carbon is indicated by the high solubility of 
iodine in methylene iodide. With a second iodine atom on an adjoining carbon atom from 
which there is electronic regression, the conditions are suitable for the formation of the 


| _ 
intermediate complex, >t, and the consequent setting up of equilibrium. The 


action of pyridine in causing the reaction, CHBrPh*CHBrPh —-> CHPh:CHPh + Brg, is 
due to the electron-donating capacity of the nitrogen atom of the pyridine. The correspond- 
ing dichloro-compound may be heated to 200° with pyridine without change, and this is 
attributed to the relative reluctance of chlorine to extend its outer ring of electrons. For 
the same reason, addition of iodine chloride, like that of chlorine, is not reversible, as was 
found for undecenoic acid, allyl acetate, and acrylic acid. When the reaction is apparently 
reversible, ¢.g., with cinnamic acid, this is due to secondary changes, viz., lactone formation 
with the production of unreactive HICI, from the liberated hydrogen chloride. 

Although it seems that addition of chlorine does not proceed via a complex of the type 
A,Cl,, certain considerations indicate that such complexes may nevertheless be formed to a 
limited extent. Whereas cis-cinnamic acid gives constant k, values over a considerable 
concentration range, for the ¢vams-acid there is a definite upward drift. Further, the 
trans-acid adds chlorine at approximately the same rate in acetic acid and nitrobenzene, 
whereas for the cis-stereoisomer the addition proceeds 3—4 times faster in the latter. 
Also, addition of bromine and of iodine is more rapid in this than in acetic acid. This 
upward drift of the reaction coefficients and the abnormally high &, value in acetic acid for 
the ¢vans-acid may be explained by the formation of a certain amount of the cis-acid during 
addition of chlorine, for this was shown to take place during that of bromine (J., 1937, 337). 

Such a stereo-inversion would involve the momentary formation of a single link between 
the ethylene carbons. Once the bond between the two chlorine atoms is broken and a 
positive charge appears on the carbon atom (III), the process goes immediately to comple- 
tion, the operation involving the rupture of the Cl-Cl link being the rate-determining 
change. If, however, a small amount of the addition complex A,Cl, of the type (I) is 
formed by a reversible change, and the positive carbon atom assumes a planar configur- 
ation, the dissociation of the complex could yield both cis- and trans-acids : 


trans + Cl, >t——O-a > cis + Cle 
a 6 


The equilibria a and 0 are regarded as being largely away from the direction of the complex, 
a very stnall concentration of which would give the effect observed. Equilibrium a would 
shift in the direction of the complex with rising concentration of reactants, and this is in 
accord with the found increase of k, with the concentration. 

Cinnamaldehyde and crotonaldehyde differ from the corresponding acids in that addi- 
tion of chlorine in acetic acid is accelerated by proton donors, and reduced in rate by proton 
acceptors. According to the theory of Ingold and Ingold (J., 1931, 2354), compounds with 
the powerfully electron-attracting aldehydo-group should add halogen less rapidly than 
compounds with carboxyl attached to the ethylene carbon, but this has not been found. 
Further, on comparison of the rates of chlorine addition, the following relative values are 
obtained: cinnamic acid 10> crotonic acid; crotonaldehyde 70> cinnamaldehyde. 
Again, bromine addition to crotonaldehyde is more rapid than that of chlorine, whereas 
the reverse is normally found. There are thus reasons to believe that addition of chlorine to 
«8-unsaturated aldehydes proceeds by a special mechanism. As during addition hydrogen 
chloride is liberated only to a small extent, the process involving successively enolisation, 
chlorine addition, and hydrogen chloride elimination is excluded as the rate-determining 
reaction. The theory is proposed that the initial stage is 1:4-addition, giving a 


a lp 
eC es ae 1a 


(IV.) (V.) (VI.) 


R—CH=CH—CH aD ees 5 R—CH—CH—CHO 
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rapidly attained equilibrium between (IV) and (V); the attachment of a proton of the 
catalyst to the oxygen of (V) accelerates the rate-determining change of (V) into (VI). 

A similar interpretation could be given for the unexpectedly rapid addition of bromine 
to acraldehyde and crotonaldehyde in methylene chloride, in the presence of excess of 
hydrogen bromide, observed by Anantakrishnan and Ingold (J., 1935, 1396), who suggested 
that for these compounds the addition might proceed by an initial attack of the negative 
atom of the bromine molecule. The theory of 1 : 4-addition for this type of compound 
permits the halogen to maintain its normal réle as an electrophilic reagent. 


We thank Mr. N. D. Jamieson for assistance in some of the measurements. 


VicToRIA UNIVERSITY COLLEGE, WELLINGTON, N.Z. [Received, October 3rd, 1938.] 





319. The Kinetics of Bromine Addition to Olefinic Compounds. Part II. 
The Homogeneous Mechanisms. 


By I. K. WALKER and P. W. RoBERTSON. 


The termolecular addition of bromine to olefins in acetic acid, dominant at 25° 
in the concentration region m/40, is accompanied to a small extent by bimolecular 
addition. The bimolecular reaction becomes established at low concentration, ca. 
m/1000, for allyl derivatives, and also when the ionising power of the solvent is in- 
creased, ¢.g., by addition of water to the acetic acid. Rise in temperature also favours 
the bimolecular mechanism, which has a higher heat of activation. 


In Part I (J., 1937, 335) it was shown that bromine addition in solution may proceed by 
a termolecular mechanism. Since then Williams (Trans. Faraday Soc., 1938, 34, 1144) 
has found that vinyl bromide and bromine in the gas phase give a surface reaction of the 
third order. This behaviour is explained as due to the formation of a complex, C,H;Br,Brg, 
which then reacts with a second molecule of bromine. From experiments on the photo- 
chemical addition of bromine to bromobenzene in carbon tetrachloride, Hammick, Hutson, 
and Jenkins (J., 1938, 1959) conclude that the first step may be the formation of a complex, 
C,H,;Br,Br,, from activated bromine molecules. 

A general theory of halogen addition in dissociating solvents has been proposed in the 
preceding communication, depending on the ability of bromine or iodine to expand its 
outer ring of electrons, so that an addition product, ¢.g., A,Bra, is first formed, and on 
collision with another bromine molecule it gives the product (I). There is, however, no 
reason to believe that addition of bromine may not also proceed by the direct bimolecular 


mechanism (II). 


id = 6 + 
g) > rade <— Br—Br ee (II.) | 
Br Br 


In acetic acid in the concentration region m/40, kinetic measurements have shown that 
the reaction at 25° is predominantly termolecular : for the compounds previously examined 
(Part I) the average value of , the order of reaction, for the range M/20—m/40 at 25° was 
3-0. The contribution of the bimolecular addition to the total reaction at this concentra- 
tion must therefore be slight. If, however, addition can take place by two simultaneous 
mechanisms, it should be possible to alter the experimental conditions in such a way that 
the bimolecular process may be isolated. One method would be to measure the reaction in 
a region of very low concentration, as the frequency of termolecular collisions is decreased 
on dilution relatively more rapidly than that of bimolecular. Another method would be 
to increase the ionising power of the solvent.medium by the addition of a second solvent 
such as water, so as to favour the more direct mechanism. Both these expectations have 
been realised. The following values show the effect of concentration on the reaction, in 
the dark, between equivalent amounts of allyl acetate and bromine in acetic acid at 25°. 
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The velocity coefficients are calculated for the half-reaction time, the 4, values in 1. g.-mol.* 
min., and the k, values in 1. g.-mol.+ min.* by the formula previously employed 
(J, 1937, 336). 


m/40. m/80. m/200. m/400. u/800. m/2000. m/3000. 
he “sssissiodenscdeinepenbbeaiiede 17-2 10-2 5-8 4-7 3-9 3-8 3:7 
Bee  secacsetanaened 4-1 4-9 6-9 11-3 18-9 45 67 
GQ  intiackinemne *“Gaee 4500 6500 7700 8300 9100 — 


Corresponding results have been obtained for allyl succinate in acetic acid at 25° at 
different concentrations. The k, and k, values are calculated on the assumption that 
1 mol. of the ester reacts as if it were two separate molecules, each with an allyl group. 


/40. m/80. m/160. m/400. m/800. m /2000. 
it ci eenelarn eee had 16-8 9:3 5-5 3-3 2-8 2-6 
i CEP issinionseaceeeniiin 4-0 4-5 5:3 8-0 13-6 31:3 
Be Octet ee 3800 6200 7000 7800 8500 


Actually only the k, values at the upper concentration, and the kg values at the lower 
concentration, are real; the other values, although fictitious, indicate how the reaction 
gradually changes its order as the concentration of reactants is altered. The kg coefficients 
are constant throughout the reaction at M/40, and the &, at m/800, as illustrated by the 


following figures. 
Allyl succinate +- bromine in acetic acid at 25°. 


PR Ae ARE Ar 20 30 40 50 60 
By X 10-9 (20/40) nccecscccccscrocsrere BB 3-8 3-7 3-8 4-0 4-0 
RITE I 3-0 2-9 2-9 2-9 2-8 2-9 


The heats of activation (EZ) were calculated from measurements at 17°, 25°, and 40°. 
As the points on the log k-1/T curves (the results being independent of whether &, or k, 
values were used) fell well on straight lines, E can be regarded as constant within this 
somewhat restricted temperature interval. The measurements reveal, then, that the 
termolecular addition dominant at m/40, with its characteristically low heat of activation, 
is gradually replaced at lower concentrations by a bimolecular addition process, which has 
a considerably higher heat of activation, the change-over being practically complete at 
m/1000. 

The influence of water on the rate of bromine addition at 25° varies with the con- 
centration: 1% of water accelerates the reaction between allyl acetate and bromine in 
acetic acid by 90% at m/80 and 130% at m/1000. As the acceleration is greater for the k, 
mechanism, the effect of adding water to the solvent in the higher concentration regions 
must be ultimately to make the bimolecular addition predominant; but this is only 
attained by addition of a considerable proportion of water. The velocities for allyl 
acetate in aqueous acetic acid are too rapid for satisfactory kinetic measurements, but 
figures are available for the more slowly reacting c#s-cinnamic acid (J., 1931, 341). These 
results show that the bimolecular reaction becomes dominant on the addition of ca. 25% 
of water, and that there is an accompanying change in E from 5800 to 8500. The in- 
adequacy of the term “ catalysis ’’ to describe the effect of water in such circumstances 
now becomes apparent ; it is a special solvent effect in which water preferentially accelerates 
the mode of reaction in a dual mechanism process. 

There is a third factor, the temperature, which also has an influence in determining the 
relative contributions of the dual reaction mechanisms of bromine addition. As the 
bimolecular reaction, which becomes established at the lower concentration, increases in 
rate with the temperature more rapidly than the termolecular change, the termolecular 
reaction must be gradually replaced by the bimolecular reaction with rise in temperature. 
Owing to the restricted range of temperatures under observation, this change is not reflected 
in the E values at the two temperature intervals measured. The change, however, may 
be illustrated by comparing the values of » (the order of reaction) for the same concentra- 
tion interval at the different temperatures : 

Temp. ... oon idadedskh 17° 25° 40° 


Allyl acetate, » (™/80—m/160) ......... 2-8 2-7 2-5 
Allyl succinate, ce in. eine 2-9 2-7 2-6 
Allyl malonate, Mi ee ag SATS 2-9 2-8 2-7 
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EXPERIMENTAL. 


The acetic acid and bromine were purified as previously described ; the allyl acetate, succinate, 
and malonate were prepared by the action of the acid chlorides on pure allyl alcohol, and 
purified by low-pressure distillation. These compounds were analysed and gave the theoretical 
bromine absorption. In the slow reactions, at concentrations less than m/400, there was a slight 
volatility loss (cf. previous communications), for which corrections were accordingly introduced. 


The following are the experimental details of two experiments, with added data to show 
the reproducibility of the results. 


M/80-Allyl acetate +- m/80-bromine in acetic acid at 25°. 
Reaction mixture, 50 ml.; 5-ml. samples titrated with n/80-Na,S,O,. 


TOMO GER) wrecccescciscccescee © 1 2 3 5 8 12 17 
FMA, TL, noc ccccsscptttioectee OOD 8-70 7-68 6-91 5-92 4-90 4-10 3-40 
From curve : Con a th + ype h, t = 7-85. 
Second expt.: at * = 30%,%=3-0; x = 60%, # = 7-8. 


M/2000- Allyl acetate +- M/2000-bromine in acetic acid at 25°. 
Reaction mixture, 100 ml.; 10-ml. samples titrated with n/1000-Na,S,O,. 


Time (MINS.) ......cccecccccsscceesesece 0 90 150 390 620 810 
Titre, ml. .... ecvccccccescccocss §6=— OO 8-62 8-00 5-79 4-40 3-60 
Volatility correction s..ecueeeceee 0 0 0-02 0-06 0-11 0-16 


From curve : at + = 30%, ¢ = 264; #% = 50%, ¢ = 538. 
Second expt. : at x = 30% ¢ = 270: * = 50%, t = 642. 


The following E values were recalculated for the two ranges 17—25° and 25—40°, for allyl 
acetate at different concentrations: m/40, 3500, 3600; m/80, 4800, 4300; m/200, 6500, 6600; 
m/800, 8300, 8200; m/2000, 9000, 9300; these values are in agreement with those previously 
recorded, which were obtained by the graphical method. 

Allyl malonate also was investigated (in acetic acid at 25°) to ascertain whether the proximity 
of the two allyl groups had any influence on the rate of bromine addition. These experiments 
could not be carried to such a low concentration, for a back-reaction liberating iodine interfered 
with the titrations in the more dilute solutions. The values obtained correspond in general 
magnitude with those of allyl succinate, both in rate and in heat of activation, but the ter- 
molecular reaction tends to persist to a lower concentration : m/40,k, x 10° = 1-9, E = 3400; 
m/80, ks X 10° = 2-0, E = 3800. 

An unexpected observation was made on illumination of m/800-allyl acetate + m/800- 


bromine in acetic acid at 25° in a clear-glass bottle with a 200-watt lamp suspended 10 inches 
above it: 





Time (mins.) . 50 100 200 400 800 1200 1600 
A, = reaction ; “* %, Br ‘absorbed 21 38 56 78 89 95 97 
B, light , ; a 21 31 44 58 65 66 66 
C, light a» bg 21 31 41 53 63 64 64 


C was a repetition of B with different samples, reagents, and solvent. 


Hence, under the influence of light the reaction at this dilution follows a course involving 
incomplete bromine absorption. This effect could be explained by the dimerisation, or »olymer- 
isation, of a portion of the ethylene compound under the influence of bromine. A similar 
photo-dimerisation has been reported by Berthoud (Helv. Chim. Acta, 1930, 18, 385) for 
a-phenylcinnamonitrile. 

[Note, added June 27th, 1939, by P. W. Ropertson.] Anantakrishnan and Venkataraman 
(this vol., p. 224) have reported that addition of bromine to crotonic and tiglic acids shows 
an induction period, the reactions being catalysed by hydrogen bromide. In their discussion 
they overlook the conclusions of Part I of this series (loc. cit.), viz., that bromine addition in 
acetic acid may proceed by two different mechanisms: (a) for allyl esters and cis-cinnamic 
acid, a termolecular reaction not catalysed by hydrogen bromide; (b) for vinyl bromide and 
acrylic acid, a slow reaction showing an induction period and catalysed by hydrogen bromide. 
They also overlook the observation that there may. be stereo-conversion during addition of 
bromine, this change being catalysed by hydrogen bromide. We investigated tvans-crotonic 
acid, but as it was difficult to separate the stereo-conversion effect from the independent 


hydrogen bromide acceleration catalysis, acrylic acid was examined in detail, and we concluded 
5G 
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(loc. cit., p. 339) that, in the presence of hydrogen bromide, “‘ the reaction is truly bimolecular 
and the hydrogen bromide activates the bromine and not the ethylenic compound.” 

To explain the behaviour of crotonic acid, Anantakrishnan and Venkataraman propose a 
chain mechanism, involving the hypothetical complex A,HBr and activated bromine; but such 
a mechanism is not the only possible means of explaining a period of induction, and the effect 
observed. Evidence is accumulating from independent observers that bromine addition pro- 
ceeds by way of an additioncomplex: (i) A + Br, —> A,Br,; (ii) A, Br, + Br, —> ABrBr + 
Br,. If reaction (i) is very slow, it will take an interval for sufficient A,Br, to accumulate for 
reaction (ii) to be perceptible, i.e., there is an induction period. Further, if hydrogen bromide 
accelerates either (i) or (ii), this period will be shortened and the over-all reaction will become 
bimolecular. 

Finally, a set of values, obtained by N. T. Clare and not recorded in Part I, is given for cis- 
cinnamic acid : 

M/80-cis-Cinnamic acid + M/80-bromine in acetic acid at 25°. 


ER bint 20 30 40 50 60 
Gs, wenaucdecitohsine ied =n 20 20 20 21 20 
is 08 EP wicsssisinintcines: 63 54 48 38 30 


Although, as in the corresponding reaction for crotonic acid (which proceeds with rising 
k, values owing to hydrogen bromide catalysis) hydrogen bromide is also formed in small quanti- 
ties, the k, coefficients nevertheless continue to fall. The reaction is, in fact, termolecular, with 
constant k, values, which are the same as at m/40. 

This termolecular addition, which is found not only for bromine, but also for iodine, iodine 
chloride and bromine chloride with olefinic compounds, holds also for bromine addition to 
acetylenic compounds. Values obtained by D. R. Currie are recorded for phenylpropiolic acid : 


Phenylpropiolic acid +- bromine in acetic acid (+ 5% of water) at 25°. 


Bo We ceosceccececcceccecccsccccescsn «6 BD 20 30 40 50 60 
Ry X 10-8 (M/40)  .....e eee eee eee — 1-6 1-6 1-6 1-7 1-7 
a (M/80)  .....eeeeeeeeee 1-5 1-6 1-5 1-5 1-5 1-7 
00 RBG) ccc ccccccscsiee 1-7 1-7 1-7 1-7 1-7 1-7 
Similarly the reaction in nitrobenzene is termolecular. 
VicToRIA UNIVERSITY COLLEGE, WELLINGTON, N.Z. [Received, October 3rd, 1938.] 





320. An X-Ray and Thermal Examination of the Glycerides. Part VII. 
Unsymmetrical Mixed Triglycerides, 
CH,(O*COR)*CH(O*COR)*CH,(O°COR’). 

By_M. G. R. CARTER and T. MALKIN. 


The following glycerides have been examined and their m. p. and X-ray data deter- 
mined: a-decodimyristin, a-laurodipalmitin, a-myristodistearin; «-myristodidecoin, 
a-palmitodilaurin, «-stearodimyristin ; «-decodipalmitin, «-laurodistearin, a-palmitodi- 
decoin, a-stearodilaurin; «-stearodidecoin ; a-decodistearin. All are found to exist in 
four solid modifications, viz., vitreous, «, 8’, and 8, the last being the stable modifi- 
cation. Long spacings of the above, with the exception of the first three, correspond to 
twice the length of a single molecule. Side spacings are, however, of the normal type. 
The importance of the X-ray method in the identification of naturally occurring 
glycerides is indicated. 


THE present account completes our study of the unsymmetrical mixed triglycerides derived 
from the even-membered acids decoic to stearic, all of which have now been investigated. 
As in Part VI (this vol., p. 1141), which deals with the corresponding symmetrical com- 
pounds, the glycerides are arranged in the following groups, the difference in length between 
the acyl chains being the same for members of each group, viz. : 
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(a) a-Decodimyristin. a-Laurodipalmitin. a-Myristodistearin. 
10 —Cis Cis 
Cue Cet Cs— 
14 16 —Cig 
(b) a-Myristodidecoin. a-Palmitodilaurin. a-Stearodimyristin. 
14 —Cig —Cis 
Cyo— Cu Cu 
10 12 4 
(c) a-Decodipalmitin. a-Laurodistearin. 
10 —Cis 
16 —Cis 
(d) «-Palmitodidecoin. a-Stearodilaurin. 
—Cig Cig 
Cc “lL , Cyy— 
10 —Cis 
Also a-Stearodidecoin. a-Decodistearin. 


All the above exist in four solid modifications, viz., vitreous, «, 8’, 8 (in order of increasing 
m. p.) and their m. p. and X-ray data exhibit normal relationships (Figs. 1 and 2). The 
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M. p.’s of unsymmetrical mixed triglycerides. 


polymorphism is similar to that found for other unsymmetrical mixed glycerides (Part V, 
this vol., p. 577), the characteristic feature of which is the exceedingly slow transition, 
6’ ——- 8. 

It was found for glycerides discussed in Part IV (this vol., p. 103) and Part V (loc. cit.) 
that the m. p.’s of unsymmetrical compounds are lower than those of the symmetrical, 








1520 Carter and Malkin: An X-Ray and 


but the present results show that this cannot be taken as a generalrule. M. p.’s of members 
of groups (a) and (b) are in fact so close to those of their symmetrical isomers (Part VI, 
loc. cit.) that differentiation between pairs of isomers by m. p.’s alone would be almost 
impossible. The two types are, however, readily distinguished by their X-ray data. 

The above affords a particularly good illustration of the value of the X-ray method in 
the identification of natural products, hitherto based on m. p. comparisons. Neither the 
X-ray nor the capillary m. p. method alone is wholly conclusive, but used in conjunction, a 
correct identification is highly probable. 

As is the case with the corresponding symmetrical compounds (Part VI), a transition 
occurs in this series from a single to a double molecular structure, long spacings, with the 
exception of those found for group (a), being much too long to represent a single molecule. 
This change in structure does not appreciably affect the side spacings, which are of the 
normal type. 

All the glycerides examined exhibit typical spherulite formation. 


Fic. 2. 
Group (a). Group (bd). 





8 


« 


Angstrom units 
D 
S 
we 
oe 
R 
® 














40+ b 

30F { 

20 + ——+ 
1 & : >.S S BS 
sz es Bs B§ 38 §3 
S§ 88 SS Sf gs 8§ 
,e Fk FS SS TS Os 
BS VHS eds BS Vs wy 


Long X-ray spacings. 


EXPERIMENTAL. 


The glycerides were prepared as described in Part V (loc. cit.). We again experienced diffi- 
culty in obtaining the stable 8-form, very slow cooling of benzene or benzene—alcohol solutions 
being necessary. Throughout our investigations, the poor crystalline appearance of 
unsymmetrical compounds, compared with symmetrical, has been most marked, and this 
characteristic should afford a valuable clue of identity to workers on natural products. 

The following compounds have not been previously prepared: «a-decodimyristin (Found : 
C, 74:0; H, 11-5. C,,H,,0, requires C, 73-8; H, 11-8%), a-myristodidecoin (Found : C, 72-6; 
H, 11-5. C3,H»O, requires C, 72-7; H, 11-6%), a-palmitodidecoin (Found: C, 73-2; H, 11-7. 
CysH 40, requires C, 73-3; H, 11-7%), a-stearodidecoin (Found: C, 73-7; H, 11-8. C,,H,05. 
requires C, 73-8; H, 11-8%), and a-steavodimyristin (Found: C, 75-2; H, 12-5. C,,H,,O. 
requires C, 75-5; H, 12-2%). 

Thermal Investigation.—This was carried out as described in Part I (J., 1934, 666) and Part 
II (J., 1936, 1628) by means of cooling and heating curves, and capillary m. p. determinations. 

Both cooling and heating curves are of the same type as those shown in Part V, Fig. 1 (this 
vol., p. 578). Cooling to room temperature, glycerides with vitreous forms melting higher than 
30° (see Table I) yield curves similar to that given for «-stearodipalmitin (separation of vitreous 
form) and the remainder give the type of curve shown for a-decodilaurin (separation of «-form). 
Heating curves of the former group show arrests at the m. p.’s of the vitreous and «-forms, and 
those of the latter group show arrests at the m. p.’s of the a- and #’-forms. Arrests on the 
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heating curves, at the m. p.’s of the stable 8-forms, were observed only after the specimen had 
been maintained in the neighbourhood of the m. p. of the §’-form for considerable periods. 
Capillary m. p.’s were determined as described in Part V (loc. cit.) and did not offer special diffi- 
culty, with the exception of those of the vitreous forms of the didecoin compounds, where the 
transition, vitreous ——> «-form, is rapid. 

M. p.’s of the various forms are given in Table I, and those of groups (a) and (b) are-plotted 
in Fig. 1. 


TABLE I. 

Vitreous. a. p’. B. Other workers’ data. 
a-Decodimyristin ......... 15° 32° 38° 43-5° — 
a-Laurodipalmitin ...... 32 45 49-5 54 54-5°,1 53-5° 2 
a-Myristodistearin ...... 44 54 57-5 62 58-5,3 52, 59, 624 
a-Myristodidecoin......... 3 20 31 34-5 vee 
a-Palmitodilaurin ...... 20 33 43 46-5 44-8,5 47—48 & 
a-Stearodimyristin ...... 36 46 52 56 — 
a-Decodipalmitin ......... 23 37 41 45-5 60 1 
a-Laurodistearin ......... 36 47 52 — 49—50,* 49, 47,4 50-9,1 50-6 3 
a-Palmitodidecoin ...... 2 24 32 35 — 
a-Stearodilaurin ......... 20 31 41-5 45 44, 46,4 45-41 
a-Stearodidecoin ......... 13 32 38 41 — 
a-Decodistearin............ 33 42-5 46 49 48-2 8 


1 Averill, Roche, and King, J. Amer. Chem. Soc., 1929, 51, 866. * Heiduschka and Schuster, 
J. pr. Chem., 1928, 120, 145. * Robinson, Roche, and King, J. Amer. Chem. Soc., 1932, 54, 705. 
4 Grun and Theimer, Ber., 1907, 40, 1792. 5% McElroy and King, J. Amer. Chem. Soc., 1934, 56, 
1191. * Fischer, Bergmann, and Barwind, Ber., 1920, 58, 1589. 


TaBLeE II. 
Substance,and group. a. fp’. 8. rs B. 
a-Decodimyristin — 33-8 35-2 3-8 412 4-33 3-72 3-9 4-53 4-67 5-4 
a-Laurodipalmitin $a 43-4 38-5 39-8 3-78 4:09w 4-26 4:5w ae re a - - 
a-Myristodistearin 48-5 43-4 45-0 3-78 4-09w 4-26 4-5w - ms an ie es 
a-Myristodidecoin — $313 47-5 38 4lw 4:26 3-84 ~- 46 484w 52lw 
a-Palmitodilaurin 4b — 36-2 54-6 3-78 4:09w 4-26 ea — * a aT 
a-Stearodimyristin) 46-4 41-7 61-4 3-8 415 4-27 * — se as = 
a-Decodipalmitin }e — 741 56-2 3-82 4-1 4-35 3°84 4:27w 46 485w 5-26w 
a-Lavrodistearin 47-4 42:3 — 3°82 4-18 4-35 — ~- —- — — 
ian 3 ee 49-7 394 — 4-35 3°84 4:27w 46 485w 5-26w 
a-Stearodilaurin — 38-7 57-0 3°86 4-11 4-35 Ae BS a“ “id és 
a-Stearodidecoin — 61-0 52-6 38 41 4:35 3-84 — 46 — 5-3 
a-Decodistearin 73-7 — 60-0 —- — —- 3-74 4-02 4:33 4-6w — 


All a-forms give a single side spacing of <= 4-19 A. w= weak lines. 


X-Ray Investigation.—This was carried out as described in Parts I and II (locc. cit.) and Part 
IV (this vol., p. 103). Exposures of at least 4 hours each side were required for layers, and #— 
1 hour for rods. Long and side spacings are given in Table II, and long spacings of groups (a) 
and (b) are plotted in Fig. 2. 

As was found for the corresponding symmetrical compounds, the majority of the long spacings 
of B-forms are too large to correspond with layers of single molecules, but smaller than would 
be expected from layers of double molecules. ‘Various factors, such as interweaving layers, 
interpenetration of the unequal hydrocarbon chains, or tilt of the chains, could explain the 
smallness of the diffracting period, but the regularities in m. p. and X-ray data, and the small 
increase in length per carbon atom on passing up any particular group, favour the view that tilt 
of the molecule is mainly responsible. 

Subject to the usual assumptions, the angles of tilt for B’- and 6-forms of groups (a) and (b) 
may be calculated to be: Group (a), B’- and 6-forms, 75}° (increase in length per carbon atom 
1-22 A). Group (b), 8’-form, vertical; 8-form, 43}° (increase in length per carbon atom 1-275 
and 0-865 A resp.). These values are approximate, as there are only three members in each of 
the above groups, but the error is not great. Side spacings are of the normal type, f’- and 
$-forms giving rise to a narrow and a broad band of lines respectively. 
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321. Dunnione. Part I. 
By J. R. Price and Sir ROBERT ROBINSON. 


The orange pigment of Strveptocarpus Dunnii Mast. (cf. Robinson and Robinson, 
Biochem. J., 1934, 28, 1718) occurs as a deposit on the leaves. This substance, termed 
dunnione, has been characterised as a 8-naphthaquinone closely resembling B-lapachone 
(IV). The conversion of dunnione into various isomerides and oxidation products has 
been studied and the results of the investigation are best interpreted by means of the 
formula (VIII). The constitutional problem has not yet, however, been completely 
solved. 


In a preliminary notice (Nature, 1938, 142, 147) of this work, the name dunnione was 
suggested for the colouring matter which occurs as an orange-red deposit on the leaves, 
stems and flowers of Streptocarpus Dunnii Mast. The substance is readily purified, has the 
formula C,;H,,03, is optically active, and yields phthalic acid on oxidation. No hydroxyl 
or carboxyl groups are present, but there is at least one carbonyl group as shown by the 
formation of a semicarbazone and 2 : 4-dinitrophenylhydrazone. Reducing agents cause a 
rapid disappearance of the colour, which is regenerated by aeration, and reductive acetyl- 
ation gives a diacetyldihydro-derivative. This behaviour indicates quinonoid character and 
the colour and solubility in sodium bisulphite solution suggest an o-quinone. This is 
confirmed by the ready condensation of dunnione with o-phenylenediamine with elimination 
of 2H,O and probable formation of a phenazine derivative. The third oxygen atom of 
dunnione is not present as methoxyl; nor is it ketonic, since diacetyldihydrodunnione was 
recovered unchanged (except for a small amount of dunnione semicarbazone) after pro- 
longed treatment with semicarbazide. The function of this third oxygen atom is shown by 
the behaviour of dunnione with acids and alkalis in comparison with that of lapachol (I) 
and «- and $-lapachones (II and IV) under the same conditions. Lapachol dissolves in 
alkali, giving a red solution of the sodium salt of an isopentenyl-2-hydroxy-1 : 4-naphtha- 

quinone. This salt is evidently a chelate metal compound, be- 


? cause it can be extracted from its aqueous solution by such solvents 
as isoamyl alcohol and ethyl acetate. Careful neutralisation re- 

OH : generates lapachol and, with an excess of acid, partial conversion 
H,"CH-CMey into 8-lapachone ensues. When £-lapachone is treated with alkali, 


i it dissolves slowly at the ordinary temperature and more rapidly 

on warming. The chroman ring opens, isomerisation to a 1 : 4- 

(I.) quinone follows, and a red solution of the sodium salt of hydroxy- 
hydrolapachol (III) is produced. This salt resembles that of lapachol in its behaviour. 
When its solution is just acidified, hydroxyhydrolapachol is regenerated, and this redissolves 
in alkalis immediately, in contrast to 6-lapachone, which is formed by the action of an 
excess of acid on the sodium salt of (III). Dunnione dissolves slowly in cold alkali to a 


r i 
O ’ O 
: OH aii 7 
JCB, Rohs H,°CH,°C(OH) Me, peng 
ba O oa 
(II.) (III.) (Iv.) \Z : 
CMe, 


red solution similar in colour to that of lapachol or hydroxyhydrolapachol, and the 
behaviour in respect of extraction by organic solvents is the same as that of lapachol. 
Careful neutralisation gives a yellow solution, which returns immediately to red with alkali. - 
The action of an excess of acid on the red solution regenerates dunnione. 

When heated for a short time with concentrated hydrochloric acid, 8-lapachone is 
converted into the corresponding 1 : 4-quinone, a-lapachone (Hooker, J., 1892, 61, 611). 
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Dunnione behaves similarly, yielding a yellow isomeride, «-dunnione, m. p. 121—122°. 
a-Dunnione dissolves in aqueous-alcoholic alkali to a red solution, from which dunnione can 
be recovered by acidification. 

The ultra-violet absorption spectrum of dunnione has been examined by Cooke, 
Macbeth, and Winzor (this vol., p. 878), who confirm the 1 : 2-quinone structure, as the 
absorption closely resembles that of B-lapachone, bromo- and hydroxy-8-lapachones and 
dehydrotso-8-lapachone (V). The third oxygen atom of dunnione is probably, therefore, 
in a chroman or coumaran ring and the relation of dunnione to «-dunnione is the same as 
that of B-lapachone to «-lapachone. The formula of dunnione can now be written as (VI) 


or (VII). 

« ‘CH, ,Me x \ is \ 
¢ s/ | CH “_ 
-—CH-C—CH, anlo O ‘} 
(V.) Som ; (VII.) 


In one respect dunnione differs profoundly from lapachol, lomatiol, and their derivatives, 
whose properties have been closely studied by Hooker and his co-workers (see J.. Amer. 
Chem. Soc., 1936, 58, 1163 and earlier papers). A solution of dunnione or «-dunnione in 
alkali changes, on boiling for a few minutes, from red to yellow and acidification affords a 
new yellow substance, m. p. 161—-162°, isomeric with dunnione, which we propose to 
designate allodunnione. Also, when dunnione is kept in 594 aqueous sodium hydroxide at 
room temperature for two days, it is partly converted into allodunnione, which is obtained 
from the yellow solution (initially red) on acidification. The remainder of the dunnione, 
curiously enough, is changed into «-dunnione. This fact is less surprising when it is noted 
that the oxide ring of «-dunnione is difficult to open compared with, ¢.g., «-lapachone. 
Aqueous alcoholic alkali is necessary to obtain a solution of the red sodium salt, and also 
a-dunnione remains unchanged after standing in concentrated sulphuric acid at room 
temperature for two hours. 

The formation of allodunnione involves a rearrangement not paralleled in the lapachol 
and lomatiol series, and it is evidently the intermediate produced by alkali fission of the 
oxide ring of dunnione or «-dunnione which undergoes the rearrangement. The substance 
cannot be a derivative of a 2-hydroxy-1 : 4-naphthaquinone, because (1) the alkaline 
solution is yellow, (2) the ultra-violet absorption, examined by Cooke, Macbeth, and 
Winzor (loc. cit.) under the name “ isodunnione,” is unlike that of any of the naphtha- 
quinones studied by those workers, and (3) it gives an acid, C,,H,,0,, on oxidation with 
alkaline peroxide under conditions whereby lapachol and hydroxyhydrolapachol yield 
only phthalic acid and acetone. 

Dunnione was oxidised with alkaline peroxide before it was realised that conversion 
into allodunnione would take place under the conditions of the experiment. Except for 
a small amount of phthalic acid, the products of the oxidation were the same as in the case 
of allodunnione, namely, acetaldehyde and the acid C,,H,,0,. More vigorous oxidation of 
allodunnione (hydrogen peroxide in acetic acid) gave phthalic acid. 

Hooker (loc. cit.) found that «-lapachone is recovered unchanged from a freshly prepared 
solution in concentrated sulphuric acid, but after standing for a few minutes it is completely 
converted into $-lapachone. «-Dunnione, however, was recovered unchanged after its 
solution in sulphuric acid had been kept for two hours at room temperature. When the 
solution was heated at 100°, the colour changed from intense red to brownish-orange and 
after pouring into water another new substance, m. p. 129—131°, was isolated. This is 
isomeric with dunnione and its colour and solubility in aqueous sodium bisulphite indicate 
that it isa 1:2-quinone. It evidently differs structurally from dunnione, as it is markedly 
sensitive to light (cf. dehydrosso-8-lapachone; Hooker, J. Amer. Chem. Soc., 1936, 58, 
1181) whereas dunnione is not. In addition the red alkaline solution does not change in 
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colour on boiling, as does that of dunnione. For these reasons, the substance is termed 
§-isodunnione. Heating with hydrochloric acid converts it into a yellow isomeride, m. p. 
118—119°, termed «-isodunnione. As only small quantities of these two compounds have 
been available, no derivatives have yet been prepared. Dunnione itself is unchanged by 
heating with concentrated sulphuric acid at 100° for an hour. 
On account of the ease of isomerisation in acid solution, the amount of acetic acid 
produced by chromic acid oxidation may fot be an accurate index of the number of side- 
chain methyl groups in the dunnione molecule. Subject to this limitation, the following 
results are of some assistance. The figures for dunnione and a/lodunnione are substantially 
the same, namely, ca. 1-3 mols. of acetic acid, suggesting that there is one side-methyl group 
I and a gem-dimethyl group. The C,, acid from allodunnione gave ca. 0-5 mol. of acetic acid. 
h Since acetaldehyde is eliminated during the formation of the acid, this figure is in good 
agreement with expectation for the remaining gem-dimethyl group; §-lapachone gave a 
similar result, 0-59 mol. of acetic acid. 
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These data are insufficient to determine the structure of dunnione with finality. But if 
we assume that the C, side chain has the usual isoprene configuration, the possible formulz 
are limited to eleven, two of which, corresponding to 6-lapachone and iso-B-lapachone, can 
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be eliminated. Since the amount of acetic acid produced by chromic acid oxidation is 
practically the same for both dunnione and allodunnione, we may infer that the change 
dunnione -> allodunnione does not affect those carbon atoms which are oxidisable to acetic 
acid. The formation of acetaldehyde by oxidation of al/odunnione is then of some 
significance for the structure of dunnione. It enables us to eliminate six of the remaining 
nine possible formule, leaving (VIII), (IX), and (X). 

Of these three, (VIII) is preferable, as it agrees best with the results of oxidation. 
Structural rearrangements leading to the formation of «-dunnione and the two zsodunniones 
may then be tentatively formulated as on p. 1524. 

The formation of the C,.H,,0, acid, together with acetaldehyde, by oxidation of allo- 
dunnione supports formula (VIII), as this is the only one of the three structures (VIII, IX, 
and X) which will account for the presence of twelve hydrogen atoms in the oxidation 
product. The suggested enlargement of the ring from a coumaran to a chroman by the 
action of concentrated sulphuric acid on a-dunnione is analogous to the effect of sulphuric 
acid on the three known hydroxy-tsoamyl] derivatives of 2-hydroxy-1 : 4-naphthaquinone 
(Hooker, J. Amer. Chem. Soc., 1936, 58, 1181). These three substances, hydroxyhydro- 
lapachol (III), hydrolomatiol (XI), and hydrotsolomatiol (XII), all give B-lapachone as 
principal product or as one of the principal products. According to Hooker, this indicates 
a general tendency towards the formation of a six-membered ring. 


O 


| | 
H -OH H H 
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The behaviour on acidification of an alkaline solution of al/odunnione indicates the 
presence in the molecule of a ring system which is opened by alkalis and closed by acids, 
and a tentatively suggested structure and mechanism of formation for allodunnione (XIII) 
are set out below : 
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On this basis the C,,-acid would be produced as follows, the actual removal of 
acetaldehyde being due to hydrolysis of an intermediate and not to oxidation at the last 
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The suggested formation of acetaldehyde is clearly a reversed aldol condensation which 
would certainly be facilitated by the quaternary carbon attached to the -CH(OH): group. 
Synthetic experiments are in progress with the object of checking these views. 

The 2: 4-dinitrophenylhydrazones of a- and $-lapachone were prepared in order to 
ascertain whether mono- or di-derivatives were formed with Brady’s reagent under the 


usual conditions. 


EXPERIMENTAL. 


Isolation of Dunnione.—Leaves of Streptocarpus Dunnii were extracted 5—10 times with 
water at room temperature, each extraction taking 24—48 hours. The leaves of the plant are 
large (2 feet long by 18 inches wide, approximately) and 10—20 1. of extract were obtained from 
each leaf. The orange-coloured solution was shaken with benzene, which completely extracted 
the colouring matter, and the benzene was dried and evaporated. The residue was dissolved 
in a small quantity of alcohol and poured into half-saturated aqueous sodium bisulphite, which 
was shaken and filtered. Dumnnione was recovered by addition of an excess of aqueous sodium 
carbonate, and was again isolated by means of benzene; after twice crystallising from light 
petroleum (b. p. 60—80°), it formed large, orange-red needles, m. p. 98—99°, not raised by 
further crystallisation. The yield from one leaf varied from 0-5 to 2 g. [Found: C, 74-6; 
H, 5:7; MeO, 0-0; C-CH;, 8-6; M (Rast), 261. C,;H,,O, requires C, 74-4; H, 5-8; 1 C-CHsg, 
6-2%; M, 242]. [aji® + 310° (c, 4-163 in chloroform). The substance is readily soluble in the 
simple alcohols, acetic acid, acetone, ether, benzene and chloroform, but is sparingly soluble in 
water and light petroleum and can be crystallised from either of these solvents. It dissolves in 
concentrated sulphuric acid to an orange solution, from which it can be recovered unchanged 
(m. p. and undepressed mixed m. p.), after heating for an hour at 100°, by addition of water. 

Dunnione dissolves in aqueous sodium bisulphite to a colourless solution, from which it is 
regenerated by addition of alkali. Reducing agents bring about a rapid decolorisation of its 
solution, but the colour returns on shaking in air. 

The semicarbazone crystallises from aqueous methyl alcohol in yellow needles, m. p. 232— 
233° (Found: C, 64-4; H, 5-7; N, 14:4. C,;H,,O,N; requires C, 64-2; H, 5-7; N, 140%). 
The 2: 4-dinitvophenylhydrazone separates from acetic acid solutions in orange-red needles, 
m. p. 266—268° (Found : N, 13-4. C,,Hy,0,N, requires N, 13-3%). 

Diacetyldihydrodunnione.—Dunnione was recovered unchanged (m. p. and mixed m. p.) 
after being heated with acetic anhydride in the presence of pyridine at 100°. Boiling with 
acetic anhydride and anhydrous sodium acetate gave a dark bluish-green amorphous solid which 
could not be crystallised. 

Acetylation was then carried out with hot acetic anhydride and a little pyridine in the 
presence of zinc dust. The product was crystallised several times from methyl alcohol and 
obtained as colourless, equidimensional prisms, m. p. 143—144°. [aJ}®* + 16-7° (c, 3-236 in 
chloroform) [Found : C, 68-9; H, 6-0; Ac, 27-1. C,;H,,O(OAc), requires C, 69-5; H, 6-1; Ac, 
26-2%]. 

In order to determine whether diacetyldihydrodunnione contains a carbonyl group, 0-5 g. 
was heated on the steam-bath for 4 hours with semicarbazide hydrochloride (0-5 g.), sodium 
acetate (0-75 g.), water (1 c.c.), and ethyl alcohol (15 c.c.). After keeping overnight, the mixture 
was diluted with water, and the precipitate collected and crystallised from methyl alcohol. The 
product was a mixture of two kinds of crystals, which were separated by hand. Concentration 
of the mother-liquor afforded a further crop, which was also hand-picked and combined with 
the main fraction. (a) Colourless prisms, twice crystallised from methyl alcohol, m. p. and 
mixed m. p. with diacetyldihydrodunnione, 141—143°; (b) yellow needles, in much smaller 
quantity than (a), twice crystallised from fethyl alcohol, m. p. and mixed m. p. with dunnione 
semicarbazone, 232—233°. 

Dunnione and o-Phenylenediamine.—A mixture of dunnione (0-5 g.), o-phenylenediamine 
(0-3 g.), and glacial acetic acid (5 c.c.) was heated to boiling and then kept for 10 minutes with 
occasional gentle heating. The yellow precipitate thrown down on dilution with water was 
collected, washed with water, and crystallised thrice from methyl alcohol, being obtained as 
yellow prisms, m. p. 140—141° (Found: C, 79-6; H, 5-7; N, 8-7. C,,H,,ON, requires C, 
80-3; H, 5-7; N, 8-9%). As in the case of §-lapachone, the occurrence of a second form consist- 
ing of yellow needles, m. p. ca. 125°, was observed. The azine dissolves in alcohol or acetone to a 
yellow solution exhibiting a strong green fluorescence; its solutions in concentrated mineral 
acids have an intense red colour. 
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B-Lapachone and o-Phenylenediamine.—The condensation product, prepared as in the case of 
dunnione, crystallised from methyl] alcohol and finally from aqueous acetic acid, as flat yellow 
plates, m. p. 133-5—134°. The lower-melting form described by Hooker (J. Amer. Chem. Soc., 
1936, 58, 1190) was also isolated. 

Behaviour of Dunnione with Alkalis, and Comparison with Lapachol Derivatives.—Dunnione 
is almost insoluble in colu aqueous sodium carbonate or dilute sodium hydroxide, but dissolves 
slowly on standing with more concentrated alkali (e.g., 5% NaOH) toa red solution. This was 
best prepared by shaking a concentrated solution of dunnione in light petroleum with aqueous 
sodium hydroxide. The solution had the following properties : 

(i) When it was shaken with isoamyl alcohol, the red colour was wholly transferred to the 
alcoholic layer; with ethyl acetate the colour was distributed between the two solvents, and 
benzene extracted none of the colouring matter. 

(ii) Treatment of the isoamyl-alcoholic solution from (i) with a few drops of 1% hydro- 
chloric acid gave a yellow solution and the red colour was immediately regenerated on addition 
of sodium carbonate or hydroxide. 

(iii) On addition of an excess of acid to the red alkaline solution, the colour changed through 
yellow to orange, i.e., the normal colour of an aqueous solution of dunnione. In an experiment 
on a larger scale, dunnione was dissolved in the minimum amount of methyl alcohol, and a large 
excess of aqueous hydroxide (5%) added. After 2—3 minutes the mixture was shaken with 
benzene to remove unchanged dunnione and the red aqueous layer was acidified with hydro- 
chloric acid. Onextraction with benzene, concentration, and crystallisation from light petroleum, 
dunnione was recovered, m. p. and mixed m. p. 98—99°. 

(iv) On heating, it became straw-coloured, and acidification afforded a yellow crystalline 
precipitate. Complete extraction of this yellow substance was effected with benzene. When 
the benzene solution was shaken with alkali, only a part of the yellow substance was transferred 
to the alkali, and re-acidification again resulted in partial conversion into the alkali-insoluble 
product. The conversion was completed by repeating two or three times the alkali extraction 
and re-acidification. 

A solution of lapachol in sodium hydroxide had the same red colour as that of dunnione 
referred to above. Its properties in respect of tests (i)—(iii) were identical with those of the 
dunnione solution, but after boiling for long periods the colour remained unchanged, and f- 
lapachone was recovered by addition of an excess of acid. Both «- and §-lapachone on warming 
with alkali gave a red solution whose properties were similar to that of lapachol. 

alloDunnione.—This substance was prepared by heating dunnione with aqueous sodium 
hydroxide (10%) until the red colour disappeared. It was found best to work with a series of 
small batches of 0-2—0-5 g., as otherwise some decomposition occurred. The hot solution was 
acidified with concentrated hydrochloric acid, cooled, and extracted with benzene, and the 
benzene washed with alkali, which was re-acidified and extracted as described above. The 
combined benzene solutions were dried and concentrated, and the residue crystallised from light 
petroleum. The substance separated in yellow needles, m. p. 161—162° [Found: C, 74:3; 
H, 5-9; C-CH;, 7-7; M (Rast), 266. C,,H,,0, requires C, 74-4; H, 5-8; 1 C-CH;, 62%; 
M, 242). 

alloDunnione is generally less readily soluble than dunnione, but nevertheless dissolves freely 
in most organic solvents; it is sparingly soluble in light petroleum and almost insoluble in 
water It dissolves in cold concentrated sulphuric acid to an orange-red solution, from which 
it can be recovered unchanged (m. p. and mixed m. p.). It is insoluble in cold aqueous sodium 
bisulphite solution. Decolorisation takes place on treatment of an alcoholic solution with zinc 
and hydrochloric acid. It dissolves in 5—10% sodium hydroxide on heating, giving a yellow 
solution, and regeneration by acidification of this solution follows the same course as in the 
preparation from dunnione. It was recovered unchanged (m. p. and mixed m. p.) when con- 
densation with o-phenylenediamine was attempted. It was also recovered unchanged after 
attempted acetylation with acetic anhydride and pyridine. 

alloDunnione 2: 4-dinitrophenylhydrazone separated from acetic acid in yellow-orange 
needles, m. p. 315° (decomp.), after darkening at about 290° (Found: N, 13-7. C,,;H,,0,N, 
requires N, 13-3%). 

a-Dunnione.—When dunnione was kept with aqueous sodium hydroxide (5%) at room 
temperature for 2 days, a part dissolved to a red solution, the colour of which changed slowly 
to yellow; the remainder was converted into a yellow solid, deposited at the bottom of the 
vessel. The mixture was shaken with benzene, and the benzene layer washed with a little 1% 
hydrochloric acid, dried, and concentrated. The residue crystallised from light petroleum in 
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flat, yellow plates, m. p. 121—122°, mixed m. p. with allodunnione, ca. 110° (Found: C, 74-5; 
H, 6-2. C,,H,,0O, requires C, 74-4; H, 5-8%). The alkaline liquid after extraction with 
benzene was acidified and yielded, on being worked up in the usual manner, al//odunnione, 
m. p. 161—162°. 

a-Dunnione was also prepared as follows. Dunnione was heated under reflux for 2 hours 
with 20% hydrochloric acid, and the solution filtered, cooled, and shaken with benzene. The 
benzene was washed with sodium carbonate solution and concentrated, and the residue twice 
crystallised from light petroleum. The product had m. p. 120—122° alone or mixed with a 
specimen prepared as above. When dunnione was heated with hydrobromic acid (d 1-49) at 
70° for an hour, it was recovered unchanged (m. p. and mixed m. p.). 

«-Dunnione dissolved in concentrated sulphuric acid to a brilliant red solution, from which 
it was recovered unchanged after keeping at room temperature for 2 hours (m. p. and mixed 
m. p.). When boiled with 5% aqueous sodium hydroxide, «-dunnione slowly dissolved and 
allodunnione, m. p. and mixed m. p. 160-—-162°, was obtained from the solution after acidification. 
Evidently the change to allodunnione takes place more rapidly than solution of the «-dunnione, 
as the alkaline solution was yellow throughout. However, when a-dunnione was dissolved in a 
little alcohol and 5% aqueous sodium hydroxide added, a deep red solution was obtained which 
behaved in the same way as an alkaline solution of dunnione. This red solution was shaken 
with benzene to remove any unchanged a-dunnione, acidified with hydrochloric acid, and 
extracted with benzene. After washing with sodium carbonate, the benzene was concentrated, 
and the residue crystallised from light petroleum; m. p. 95—97°, mixed m. p. with dunnione 
96—98°. 

a-Dunnione 2: 4-dinitrophenylhydrazone crystallised from acetic acid in reddish-orange 
plates, m. p. 278—280° (Found: N, 13-2. C,,H,,0,N, requires N, 13-3%). 

B-isoDunnione.—a-Dunnione, dissolved in concentrated sulphuric acid, was heated at 100° 
for 4 hour, the colour changing from intense red to brownish-orange. The solution was cooled, 
poured into water, and extracted with benzene, and the extract washed with aqueous sodium 
carbonate. The residue after concentration of the benzene was twice crystallised from light 
petroleum and obtained as orange-red needles, m. p. 129—131° (Found: C, 74-4; H, 5-7. 
C,,H,,O, requires C, 74-4; H, 5-8%). The substance dissolves in aqueous sodium bisulphite to 
a colourless solution, from which it is regenerated by alkalis. It is markedly sensitive to sun- 
light, turning brown after a few minutes’ exposure. On heating with aqueous sodium hydroxide 
it dissolves to a red solution, which, in contrast to that obtained from dunnione, remains red 
after boiling for 5 minutes. 

«-isoDunnione.—B-isoDunnione was heated under reflux for 4 hour with 20% hydrochloric 
acid, and the solution diluted with 2 vols. of water and allowed to cool. The yellow crystals 
which separated were recrystallised from aqueous alcohol (needles) and then had m. p. 118— 
119° (mixed m. p. with a-dunnione, ca. 90°) (Found: C, 74:3; H, 5-8. C,,;H,,O, requires C, 
74-4; H, 5-8%). 

a-Lapachone 2: 4-dinitrophenylhydvazone crystallised from acetic acid as flat, brownish- 
orange plates, m. p. 277—278° (Found : N, 13-6. C,,H,,0,N, requires N, 13-3%). ®-Lapachone 
2 : 4-dinitrophenylhydrazone separated from acetic acid in orange needles, m. p. 283—285°, 
after sintering at about 250° (Found: N, 13-5. C,,H,,0,N, requires N, 13-3%). §-Lapachone 
(Found: C-CH,, 3-67. Calc. for 1 C-CH;, 6-2%). 

Oxidation Experiments.—(a) Dunnione (1 g.) was heated at 70—80° with water (1 1.) contain- 
ing a little sulphuric acid, and aqueous potassium permanganate was added until no further 
oxidation took place. The cooled solution was extracted thrice with ether, the combined extracts 
dried and distilled, and the residue washed with light petroleum to remove a little oily material. 
There remained 0-4 g. of a white solid which after repeated crystallisation from water had m. p. 
198—200°, alone or mixed with phthalic acid (Found: C, 57-9; H, 40. Calc. for CgH,O, : 
C, 57-8; H, 3-6%). : 

(b) alloDunnione was treated in warm acetic acid solution with 3% hydrogen peroxide until 
the colour became pale yellow. The solvent was removed under reduced pressure, the residue 
taken up in benzene, and the benzene extracted with sodium hydroxide solution. The alkaline 
extract was acidified and shaken with ether, which was separated, dried, and concentrated. The . 
residual white solid (positive fluorescein reaction) was boiled with aniline, and the product 
isolated in the usual manner; m. p. 206—207°, mixed with phthalanil, m. p. 207—208°. 

(c) A mixture of dunnione (1 g.), aqueous sodium hydroxide (8 c.c. of 10%), and water 
(50 c.c.) was boiled in a distilling flask, and hydrogen peroxide (3%) added drop by drop until 
the solution became straw-coloured. The distillate and vapour were passed into a solution of 
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2 : 4-dinitrophenylhydrazine in 5% aqueous sulphuric acid, and the resulting precipitate twice 
crystallised from alcohol. It had m. p. 162—164°; mixed m. p. with acetaldehyde-2 : 4-dinitro- 
phenylhydrazone, 163—165° (Found : C, 43-6; H, 3-6. Calc. forC,H,O,N,: C, 42-9; H, 3-6%). 
The residue in the distilling flask was filtered and acidified, giving an immediate crystalline 
precipitate (A), which was collected. The filtrate was extracted with ether, the ethereal solution 
dried and concentrated, and the residue washed with the minimum amount of cold ether. This 
left a white solid (B), which was twice crystallised from water; it then had m. p. 195—197° and 
mixed m. p. with phthalic acid, 196—198°. (A), which was produced in greater amount 
than (B), was thrice crystallised from alcohol and obtained in small, colourless prisms, 
m. p. 205—206°. It did not give a fluorescein reaction. 

(d) alloDunnione was oxidised with alkaline peroxide as in (c). The end-point was more 
difficult to recognise and some unchanged al/odunnione was recovered, The distillate contained 
acetaldehyde, identified by the m. p. and mixed m. p., 165—167°, of its 2 : 4-dinitrophenyl- 
hydrazone. Theacid fraction was thrice crystallised from aqueous acetone and once from alcohol ; 
it was then obtained in colourless prisms, m. p. 205—206°, not depressed by admixture with the 
product (A) from the oxidation of dunnione. The two specimens were combined and again 
crystallised from aqueous acetone; the m. p. was unaltered [Found: C, 65-05; H, 5-5; C-CHsy, 
3-52; M (Rast), 240. C,,H,,O, requires C, 65-45; H, 5-5; 1 C-CHy;, 6-8%; M, 220]. 

(e) For comparison, lapachol and 6-lapachone were oxidised with alkaline peroxide. In 
each case the products were phthalic acid (m. p. and mixed m. p. 196—198°; anil, m. p. and 
mixed m. p. 206—208°), and acetone (2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 
126—127°). 


The authors are indebted to Professor A. K. Macbeth, of the University of Adelaide, who 
examined the ultra-violet absorption spectra of dunnione and allodunnione, for kindly supply- 
ing specimens of lapachol and of a- and 6-lapachones. 


Joun INNES HoRTICULTURAL INSTITUTION, MERTON, S,W. 19, 
THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY, [Received, July 26th, 1939.] 





322. The Synthesis of Uronic Acids. 
By M. STAcEy. 


A convenient method has been devised for the synthesis of d-glucuronic acid, The 
steps involved are: glucose > 1: 2:3: 4tetra-acetyl 6-trityl @-d-glucose —>» 
1:2:3: 4tetra-acetyl B-d-glucose —> 1: 2: 3: 4-tetra-acetyl d-glucuronic acid ——> 
d-glucuronic acid (isolated as d-glucurone). The method is applicable to the synthesis 
of d-galacturonic acid from d-galactose. 


THE increasing importance of the réle played by glucuronic acid in many aspects of im- 
munological chemistry, particularly those involving the preparation of synthetic antigens 
of the type described by Goebel (Nature, 1939, 143, 77), emphasises the need for a convenient 
method of synthesis of this uronic acid. Previously known methods of preparation, for 
example, from-the hydrolysis of gum arabic and the synthetic method of Zervas and 
Sessler (Ber., 1933, 66, 1326), have been fully explored in these laboratories and found to be 
unsatisfactory; the latter method, despite the improvements in technique that have been 
made, remains cumbersome and costly. The biological methods of Quick (J. Biol. Chem., 
1927, 74, 331) and of Williams (Nature, 1939, 148, 641) yield excellent results and, in the 
author’s experience, glucurone is readily isolated by their means, but they are of necessity 
limited in their application and apply only to glucuronic acid. 

A simple synthetic method which appears to be of general application has now been 
devised and full details are given for the case of glucose as the initial material. Oxidation 
in glacial acetic acid solution with potassium permanganate converted 1:2;3; 4 
tetra-acetyl @-d-glucose (I) into 1:2:3:4-tetra-acetyl d-glucuronic acid (II). The 
isolation of the latter was not essential, since by the action of barium hydroxide in aqueous 
solution deacetylation with simultaneous formation of barium glucuronate took place 
readily. Purification of the barium salt and removal of the barium gave in good yield 
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d-glucuronic acid (III), which readily crystallised in the form of its stable lactone, glucurone. 
From glucose, overall yields of 20% of glucurone were obtained. 
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By the same method, starting with d-galactose, d-galacturonic acid (IV) was prepared in 
approximately 20% yield, and this method of synthesis compares favourably in its ease and 
simplicity with that of the oxidation of galactose diacetone (Ohle and Berend, Ber., 1925, 
58, 2585). Applications of this method to the synthesis of other uronic acids are in progress, 


EXPERIMENTAL. 


1:2:3:4-Tetva-acetyl 6-Trityl B-d-Glucose.—Freshly dried, anhydrous glucose (50 g.), 
suspended in pyridine (250 c.c., five times distilled over phosphoric oxide), was dissolved by 
shaking and cautious heating to the b. p. of the solvent. The solution was cooled to 40°, dry 
triphenylmethyl chloride (80 g.) or triphenylmethyl bromide (93 g.) added, and the solution 
kept at 20° for 12 hours, acetic anhydride (250 c.c.) then being admitted; after 24 hours at 20°, 
the yellow solution was poured into 10 vols. of water and the precipitated white granular powder 
was washed with warm water until essentially free from the acetylating agents, dried in a vacuum 
desiccator, and dissolved in ether (1200 c.c.), The solution was washed (twice) with dilute 
acetic acid and with water, dried over anhydrous magnesium sulphate, and evaporated until 
crystals appeared. The semi-solid mass was stirred in contact with dry methyl alcohol (200 c.c.), 
and the mixture set aside to crystallise further for 24 hours. The crystals were purified twice 
from methyl alcohol and showed [«]?” + 45° in chloroform (c, 1-1) and m. p. 166°. Yield, 95 g. 
The mother-liquors contained mainly 1 : 2 : 3 : 4-tetra-acetyl 6-trityl «-d-glucose. 

1: 2:3: 4-Tetva-acetyl B-d-Glucose.—The method used for eliminating the 6-trityl group was 
essentially that of Helferich and Klein (Annalen, 1926, 450, 215). The product, recrystallised 
from ether—light petroleum, had m. p. 128°, and [«]p + 11° in chloroform (c, 1-6). Yield, 30 g. 
from 100 g. of tetra-acetyl 6-trityl glucose. The triphenylmethyl bromide was recovered in 
almost quantitative amount, m. p. 152° after recrystallisation from glacial acetic acid containing 
a little hydrobromic acid. 

Oxidation.—To a solution of the tetra-acetyl glucose (2-0 g.) in glacial acetic acid (20 c.c.), 
A.R. potassium permanganate (0-5 g.), dissolved in acetone (20 c.c.), was added. The liquid was 
slowly stirred at 15—18° for 6 hours, and a further amount of potassium permanganate (1-6 g.) 
added in small portions during 2 days. Acetone (40 c.c.) was added to the solution, which was 
then centrifuged until it was clear. The deposit of manganese oxides was washed with acetone— 
glacial acetic acid until it no longer gave the naphtharesorcinol test for uronic acids. The 
combined liquid and washings were evaporated under diminished pressure at 25°, giving a 
syrup. This was dissolved in chloroform, shaken (twice) with 0-1N-sulphuric acid and with 
water, and dried over anhydrous magnesium sulphate. After filtration and removal of the 
chloroform under diminished pressure at 25° a colourless syrup (2-0 g.) remained, consisting 
mainly of tetra-acetyl d-glucuronic acid, [«]p) + 6° in chloroform (c, 1-1). This was dissolved in 
the minimum quantity of acetone, a saturated aqueous solution of barium hydroxide added in 
slight excess, and after 6 hours the solution was acidified with a few drops of acetic acid and 
evaporated to small volume under diminished pressure, and the barium salts precipitated by 
addition of 6 vols. of absolute alcohol. They were separated (centrifuge), redissolved in water, 
and reprecipitated by alcohol. The precipitate was dissolved in water (20 c.c.), a slight excess 
of n/10-sulphuric acid added, and the barium sulphate collected (centrifuge) and washed with 
water. The excess of sulphuric acid was neutralised with a few drops of a saturated aqueous 
solution of lead acetate (A.R.), the lead sulphate removed (centrifuge), and the lead in solution 
precipitated by hydrogen sulphide; the precipitate was washed with water. Concentration 
under diminished pressure of the combined filtrate and washings at 40° left a clear colourless 
syrup (0-85 g.), which crystallised rapidly on nucleation with an authentic specimen of glucurone. 
This product (0-75 g.), after being washed with methyl alcohol, dried in a desiccator, and re- 
crystallised from ethyl alcohol, had m. p. 176—178° alone or in admixture with a specimen of 
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glucurone prepared from ammonium menthylglucuronate (cf. Williams, Joc. cit.), [a}3" +20° 
in water (c, 0-6) (Found: C, 41-2; H, 4-6. Calc. for C,H,O,: C, 40-9; H, 46%). Ina 
second experiment 2-0 g. of glucurone were obtained from 5 g. of 1: 2:3: 4-tetra-acetyl 
6-d-glucose. 

Preparation of d-Galacturonic Acid.—1 : 2:3: 4-Tetra-acetyl 6-trityl 6-d-galactose (85 g.) 
was prepared from galactose (50 g.) in the manner described for the corresponding glucose 
compound. It was recrystallised from aqueous alcohol and had m. p. 76—77°, [a]>” — 20° in 
chloroform (c, 1-0). After elimination of the 6-trityl group, mainly 1: 2:3: 4-tetra-acetyl 
B-d-galactose was obtained as a colourless glass insoluble in water and light petroleum but 
soluble in most organic solvents. It showed [a]? + 40° in chloroform (c, 3-0). Yield, 5-2 g. 
from 20 g. of the trityl compound. Oxidation of 1: 2:3: 4-tetra-acetyl 6-d-galactose (3 g.) 
by the method described above yielded mainly 1 : 2 : 3 : 4-tetra-acetyl 6-d-galacturonic acid as 
an intermediate stage, but its isolation and purification were unnecessary. d-Galacturonic acid 
(1-3 g.) was obtained as a colourless syrup, which rapidly crystallised on nucleation with d- 
galacturonic acid monohydrate and rubbing with a few drops of glacial acetic acid. It was 
recrystallised from a small volume of aqueous alcohol and obtained as the monohydrate, m. p. 
157—158° after softening at 115°. After dehydration in a vacuum drier the crystals had m. p. 
158° alone or in admixture with an authentic specimen prepared from citrus pectin, [«]?” in 
water + 100° ——> + 68° (equilibrium value after 4 hours) (Found: C, 37-4; H, 5-0. C,H,,.O0, 
requires C, 37-1; H, 5-2%). On addition of a drop of basic lead acetate solution to an aqueous 
solution of the crystals, a voluminous white precipitate, which rapidly turned brick-red on 
warming, was obtained (the test appears to be specific for galacturonic acid). 


The author thanks Professor W. N. Haworth, F.R.S., for his interest in this work. 


Tue A. E, Hitts LABORATORIES, 
Tue UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, August 5th, 1939.) 
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Part V. dl-Cryptone and cis- and trans-dl-Crypiol. 
By D. T. C. GmLLespre and A. KILLEN MACBETH. 


l-Cryptone is readily racemised by refluxing in ethereal solution with a trace of 
hydrochloric acid. cis- and trans-dl-Crypiols have been isolated from the crude 
dl-cryptol obtained by the reduction of dl-cryptone by aluminium isopropoxide, the 
separation being achieved by fractional crystallisation of the a-naphthylamine com- 
pounds of the mixed 3: 5-dinitrobenzoates. Derivatives of dl-cryptone and the 
epimeric alcohols are described. 


In previous work (Cooke, Gillespie, and Macbeth, this vol., p. 519) it was shown that the 
reduction of cryptone by aluminium tsopropoxide, followed by catalytic hydrogenation, 
gave trans-dihydrocryptol together with some 5% of the cis-compound. As no change of 
configuration can occur during the hydrogenation of the double bond, it seemed probable 
that the mother-liquors obtained in the crystallisation of the f-nitro- or 3 : 5-dinitro- 
benzoate of crude cryptol would provide a source of the cis-alcohol. To simplify the 
separation, d/-cryptone was used as a starting material in the Ponndorf reduction, and use 
was made of the differing solubilities of the «-naphthylamine compounds of the 3 : 5-dinitro- 
benzoate (Reichstein, Helv. Chim. Acta, 1926, 9, 799; Sutter, 1bid., 1938, 21, 1266) of cis- 
and trans-dl-cryptol. In this way the trans-alcohol was isolated in good yield, but the 
process is difficult and tedious and leads to only a small amount of the cis-compound. The 
configuration of the epimers was established by their hydrogenation to the corresponding 
dihydrocryptols, the isomerism of which was fully explored in the previous work (loc. cit.). 
trans-dl-Cryptol, a pleasant smelling, somewhat viscous liquid, b. p. 90°/4 mm., d38° 0-9247, 
nx” 1-4761, was characterised by various derivatives, which closely resemble those of trans- 
dihydrocryptol in crystalline form. 
cis-dl-Crypiol had b. p. 86°/6 mm., np” 1-4752, and d3- 0-9282. 
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EXPERIMENTAL. 


Racemisation of Cryptone.—A mixture containing freshly distilled /-cryptone (200 g.) having 
%p» — 61° (homogeneous), ether (200 c.c.), and concentrated hydrochloric acid (10 g.) was heated 
under reflux on the water-bath for 1-5 hours and, after cooling, was successively washed with 
water, 1% sodium carbonate solution, and water. After drying (calcium chloride) and removal of 
the solvent, the residual pale yellow oil, when distilled under reduced pressure, gave a main 
fraction (174 g.), b. p. 89—90°/4 mm., ap) — 0-24° (homogeneous). Yield, 87%. If the washing 
to remove hydrochloric acid is omitted, the yield is seriously diminished owing to the greater 
polymerisation of the ketone during distillation. d/-Cryptone has b. p. 78°/2-8 mm., 2? 
1-4810, a3. 0-9393. It gives a semicarbazone, which forms transparent plates from methyl 
alcohol, m. p. 188° (Found: C, 61-3; H, 8-8. C,,H,,ON; requires C, 61-5; H, 8-7%), a p-nitro- 
phenylhydrazone, which crystallises in fine, felted, yellow needles from methanol, m. p. 160—161° 
(Found: C, 65-75; H, 6-8. C,;H,,O,N, requires C, 65-9; H, 6-9%), and a 2 : 4-dinitrvophenyl- 
hydrazone, which separates in deep orange-red plates from ethyl alcohol, m. p. 130—-131° (Found : 
C, 56-8; H, 5-6. C,,H,,0,N, requires C, 56-6; H, 5-7%). 

trans-dl-Crypiol._—After the addition of di-cryptone (90 g.) and dry isopropyl alcohol (200 c.c.) 
to a solution of aluminium isopropoxide (aluminium foil, 6 g.; isopropyl alcohol, 100 c.c.) the 
slow constant-volume distillation was continued for 6 hours. The major part of the isopropyl 
alcohol was removed under reduced pressure, and the residue steam-distilled. After extraction 
of the distillate with ether, drying (anhydrous magnesium sulphate), and removal of the solvent, 
a residue of crude dil-cryptol (79 g.) was obtained. Yield, 88%. Crude di-cryptol (40 g.) was 
triturated with pyridine (25 c.c.) and p-nitrobenzoyl chloride (53 g.) and after 2 hours the pasty 
mass was ground with 10% sulphuric acid and washed with water, 5% sodium carbonate solu- 
tion, and water (twice). After steam-distillation the solid residue was crystallised from methanol 
(norit), and after two further crystallisations from the same solvent pure trans-dl-cryptol p-niiro- 
benzoate (26 g.) was isolated in pale yellow needles, m. p. 76-5° (Found: C, 66-3; H, 6-8. 
C,,H,,0,N requires C, 66-4; H, 66%). The mother-liquors were reserved as a source of 
cis-dl-cryptol (see below). 

tvans-dl-Cryptol p-nitrobenzoate (26 g.) was refluxed for 30 minutes with 5% methyl-alcoholic 
potassium hydroxide (180 c.c.). After removal of the bulk of the methyl alcohol the dJ-cryptol 
was driven over by steam-distillation and a dried (anhydrous magnesium sulphate) ethereal 
extract of the distillate was, after removal of the solvent, distilled under reduced pressure, trans- 
dl-cryptol being obtained as a clear, somewhat viscous liquid, b. p. 90°/4 mm., 2" 1-4761, 43%: 
0-9247 (Found: C, 77-0; H, 11-4. C,H,,O requires C, 77-1; H, 11-5%). 

Configuration of trans-dl-Cryptol. Hydrogenation to trans-Dihydrocryptol.—trans-dl-Cryptol 
(2 g.) in absolute alcohol (20 c.c.) with palladised charcoal (1 g.) rapidly absorbed somewhat 
more than the theoretical amount of hydrogen (320 c.c.) during 12 minutes. After filtration, the 
product was poured into water and a dried ethereal extract gave, on removal of the solvent, an 
oil (1-6 g.) which soon solidified on the addition of a-naphthyl isocyanate (2-5 g.). After crystallis- 
ation from light petroleum (b. p. 60—90°) the a-naphthylurethane (2 g.) was obtained in light 
felted needles, m. p. 157-8°, not depressed by authentic ¢vans-dihydrocryptol «-naphthylurethane 
(Cooke, Gillespie, and Macbeth, Joc. cit.). 

Derivatives of trans-dl-Crypiol.—The alcohol (0-5 g.) and a-naphthyl isocyanate (0-8 g.) in a 
corked test-tube solidified to a brittle mass of crystals within an hour. trans-dl-Crypiol a-naph- 
thylurethane separated in rosettes of needles, m. p. 136°, from light petroleum (Found : C, 77-4; 
H, 7:5. CygH,30,N requires C, 77-6; H, 7-5%). 

trans-dl-Crypiol phenylurethane, similarly prepared and purified, formed fine white needles, 
m. p. 108° (Found : C, 74-0; H, 8-5; N, 5-3. C,.H,,0O,N requires C, 74:1; H, 8-2; N, 5-4%). 

The alcohol (5 g.) and phthalic anhydride (6 g.) soon dissolved in pyridine (10 c.c.) at 60°. 
After 3 hours the cooled mixture was poured into 10% sulphuric acid (100 c.c.), and the resulting 
syrup washed with water and dissolved in 6% sodium carbonate solution (100c.c.). After ether 
extraction the alkaline solution was acidified with hydrochloric acid, and the hydrogen phthalate 
extracted with chloroform. The syrup obtained on evaporation of the dried extract crystallised 
on trituration with light petroleum, and trans-dl-cryptol hydrogen phthalate was obtained in flat 
plates, m. p. 97—97-5°, when twice crystallised from light petroleum (Found : C, 70-6; H, 7:1. 
C,,H,,O, requires C, 70-8; H, 7-0%). 

The alcohol (1 g.) in pyridine (5 c.c.) was triturated with 3 ; 5-dinitrobenzoyl chloride (1-8 g.) 
and after 2 hours the product was worked up in the usual way. Crystallisation from methanol 
(twice) gave trans-dl-cryptol 3 : 5-dinitrobenzoate in thin plates, m. p, 108° (Found: C, 57-3; 
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H, 5-6; N, 8-3. C,,H,,0,N, requires C, 57-5; H, 5-4; N, 84%). This ester (1-4 g.) in ether 
(10 c.c.), when added to «-naphthylamine (1-0 g.) in 80% alcohol (30 c.c.), gave an immediate 
orange-red precipitate, which was filtered off and washed with 50% alcohol. After drying 
overnight in a desiccator, the trans-dl-crypiol 3 : 5-dinitrobenzoate—a-naphthylamine compound 
crystallised from light petroleum (b. p. 60—90°) in fragile, orange needles, m. p. 140° (Found : 
C, 65:2; H, 5-8; N, 87. C,.H,,0,N,,C;)H,-NH, requires C, 65-4; H, 5-7; N, 88%), 
practically insoluble in cold light petroleum, moderately readily soluble in hot, and easily 
soluble in cold benzene, ether, or chloroform. Boiling with aqueous alcohol dissolves the 
compound, but later the free dinitrobenzoate is precipitated owing to partial dissociation. 

cis-dl-Cryptol.—Preliminary experiments with the crude cryptol recovered on hydrolysis of 
the mother-liquors from the crystallisation of trans-dl-cryptol p-nitrobenzoate (above) showed 
that the «-naphthylamine compound of the crude 3 : 5-dinitrobenzoate, when dissolved in light 
petroleum, gave a crystalline product on cooling to 35° which on recrystallisation (twice) from 
the same solvent gave an a-naphthylamine compound, m. p. 135—139°. This yielded practically 
pure itvans-dl-cryptol 3: 5-dinitrobenzoate on treatment with dilute hydrochloric acid. On 
further cooling of the original solution, crops of crystals collected at 26° and at 0° melted over a 
wide range even after several recrystallisations, and yielded with acid a mixture of cis- and tvans- 
cryptol 3: 5-dinitrobenzoates. After considerable concentration of the mother-liquor an 
a-naphthylamine compound separated on refrigeration, from which cis-dl-cryptol 3 : 5-dinitro- 
benzoate could be obtained. As the tvans-compound thus evidently carries down with it 
quantities of the more soluble cis-derivative in the intermediate crystallisations, and as purific- 
ation of these could not be achieved by further crystallisation, the following procedure was 
ultimately adopted. Mother-liquors from the p-nitrobenzoate crystallisations (4-5 1.) were 
concentrated to 500 c.c. and heated under reflux for 1 hour after the addition of potassium hydr- 
oxide (100 g.). Steam-distillation of the product, and ether extraction of the distillate, gave 
crude cryptol (118 g.), which was converted into the 3 : 5-dinitrobenzoate in the usual way, 
pyridine (100 c.c.) and 3 : 5-dinitrobenzoyl chloride (190 g.) being used. The crude ester, dis- 
solved in ether (1 1.), was slowly poured into a solution of a-naphthylamine (120 g.) in 80% 
alcohol (21.), and the red precipitate collected and dried overnight in a desiccator (260 g.). This 
was extracted with light petroleum mixed with 10% of benzene, and after filtration from an 
insoluble residue, the crop of crystals obtained on cooling to 35° was collected (105 g.). Re- 
crystallisation from light petroleum (b. p. 60—90°) gave an a-naphthylamine compound (72 g.), 
m. p. 135—138°, from which trans-dl-cryptol 3 : 5-dinitrobenzoate was regenerated (addition of 
excess of dilute hydrochloric acid to a methyl-alcoholic solution). The latter on recrystallis- 
ation from methanol (thrice) gave the pure ester identical with that previously described. The 
a-naphthylamine compound obtained on complete evaporation of the light petroleum—benzene 
solution was repeatedly refluxed with light petroleum (60—90°) ; the crystals obtained on cooling 
the extracts to 35° and then to 0° were separately collected. The former were worked up for the 
tvans-dl-cryptol ester as above, and the latter were again extracted, two crops collected, and the 
process repeated. The accumulated mother-liquors from all these extractions (some 30 1.) were 
concentrated by distillation; the concentrate yielded clusters of orange-red needles, m. p. 
96—99°, and 97—99° after recrystallisation. The product (11 g.), when dissolved in methyl 
alcohol, gave, on the addition of dilute hydrochloric acid, an oil which soon solidified. The crude 
ester (7-5 g., m. p. 92—94°) on recrystallisation from methanol gave cis-dl-cryptol 3 : 5-dinitro- 
benzoate in slender, flat needles, m. p. 96-5° (Found: C, 57-3; H, 5-8; N, 8-45. C,,H,,0O,N, 
requires C, 57-5; H, 5-4; N, 8-4%). 

The above ester (3g.) was refluxed (20 minutes) with 5% methyl-alcoholic potassium hydroxide 
(30 c.c.), and the product steam-distilled. The distillate was extracted with ether (four times) ; 
the dried extract yielded cis-dl-cryptol (1-1 g.), b. p. 86°/6 mm., n}" 1-4752, d3%: 0-9282. 

Configuration of cis-dl-Cryptol. Hydrogenation to cis-Dihydrocryptol.—cis-dl-Cryptol (0-08 g. 
in ether (10 c.c.) was hydrogenated with hydrogen and palladised charcoal, and the residual oil 
after filtration and evaporation of the ether was mixed with a-naphthyl isocyanate (0-1 g.) and 
left for several hours. The viscous product was taken up in light petroleum (b. p. 30—60°) and 
after filtration from traces of di-x-naphthylurea the solvent was allowed to evaporate at room 
temperature. The residue consisted solely of small, hard nodules, which crystallised from light 
petroleum in the same characteristic form (0-14 g.). It had m. p. 112—113°, unchanged on 
admixture with authentic cis-dihydrocryptol «-naphthylurethane (Cooke, Gillespie, and Macbeth, 
loc. cit.). 

Derivatives of cis-dl-Cryptol.—cis-dl-Cryptol (0-15 g.) and a-naphthylurethane (0-2 g.), on 
standing in a corked test-tube, gave a partly crystalline product, which, when dissolved in light 
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petroleum (b. p. 30—60°), yielded fine felted needles of cis-dl-crypiol a-naphthylurethane, m. p. 
105-5°, unchanged on further crystallisation (Found: N, 4:55. C,9H,,0,N requires N, 45%). 
This was the least soluble and most readily crystallised of the derivatives examined. 

The alcohol (0-18 g.) in pyridine (2 c.c.) was treated with p-nitrobenzoyl chloride (0-23 g.) and 
after some hours the crude ester obtained by the usual treatment was dissolved in a little 
methanol and cooled in a freezing mixture. The precipitated mass of fine plates, when re- 
crystallised by slow evaporation of a methyl-alcoholic solution in a refrigerator gave cis-dl- 
cryptol p-nitrobenzoate in small clusters of well-defined transparent plates, m. p. 34:5—35-5° 
(Found : N, 4-7. C,H ,O,N requires N, 4:85%). 

cis-dl-Cryptol 3 : 5-dinitrobenzoate (0-3 g.) in ether (3 c.c.), when added to a solution of 
a-naphthylamine (0-15 g.) in 80% alcohol (6 c.c.), gave an orange-red precipitate, which, after 
being washed with 50% alcohol and dried, was recrystallised from light petroleum (b. p. 60—90°) 
and norit. The cis-dl-cryptol 3 : 5-dinitrobenzoate—a-naphthylamine compound separated in deep 
orange-red, felted, needles, m. p. 102—104°, unaltered by further crystallisation (Found: N, 
8-8. Cy gH,.0,N_,C,.9H,"NH, requires N, 8-8%). 

isoPropyl Alcohol for Ponndorf Reductions.—Our present technique in the treatment of 
commercial isopropyl alcohol for Ponndorf reductions may be of interest to other workers, as it 
gives a product which dissolves aluminium foil, dusted with a little mercuric chloride, on short 
refluxing (25—30 minutes). The commercial alcohol is stored over good-quality, coarsely 
powdered quicklime, and is drawn off as required and refluxed (2 1.) with calcium (56—10 g.) for 
2 hours, the condenser being fitted with a calcium chloride-tnbe. The alcohol is then distilled 
into a 2 1. flask containing some aluminium isopropoxide in isopropyl alcohol, and is 
simultaneously distilled off and collected in a thoroughly dry receiver. 

The distillates collected during the Ponndorf reductions may be recovered for future use by 
fractionation until the temperature at the head of the column reaches 80°. The flask residue is 
added to the isopropoxide flask above, together with some amalgamated aluminium foil (1—2 g.) 
and refluxed for 1 hour before distillation. (If the commercial alcohol contains much acetone, it 
is similarly treated.) The distillate yields negative acetone tests and quickly dissolves 
aluminium foil. 


JoHNsoN CHEMICAL LABORATORIES, 
THE UNIVERSITY OF ADELAIDE. [Received, August 14th, 1939.] 





324. The Action of Nitric Acid on Polycyclic Indole Derivatives. 
Part XIII. Indeno(2’ : 3’: 2: 3)indole. 
By N. M. Beyrts and S. G. P. PLant. 


1-A cetylindeno(2’ : 3’ :2: 3)indole on nitration in acetic acid gives an addition 
compound, formed by the attachment of NO, and OAc, as the main product together 
with a smaller quantity of a simple niivo-derivative, and thereby exhibits reactivity 
which is abnormal in an indole of this degree of complexity. The closely related, 
but more complex, 3-acetylindeno(2’ : 3’ : 2: 1)-B-naphthindole gives only a nitro- 
substitution product under similar conditions. 


A.tHouGH the N-acyl derivatives of indoles of the type (I;  =1 or 2) readily form 
addition products by the attachment of either 20H or OH and NO, at the 2 : 3-position 
on treatment with nitric acid in acetic acid solution, it has been clearly shown that 
analogous substances are formed far less readily when the indole skeletor is contained in 
polycyclic systems containing four rings fused together (Oakeshott and Plant, J., 1928, 
1840; Bryant and Plant, J., 1931, 93). A notable exception to the latter observation is 
the case of coumarono(2’ : 3’: 3: 2)indole (II), in which the ring attached to the indole 
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nucleus is heterocyclic in character, since it has been observed that the main products of 
the nitration of its N-acyl derivatives are substances formed by the addition of NO, and 
OAc (Cawley and Plant, J., 1938, 1214). 

It has now been found that 1-acetylindeno(2’ : 3’ : 2: 3)indole (III) has exceptional 
reactivity in this direction and on nitration it has given not only a simple mtiro-derivative 
but a relatively large amount of 3-mitro-2-acetoxy-1-acetyl-2 : 3-dihydroindeno(2’ : 3’ : 2 : 3)- 
indole (IV). The acetylation of the hydroxyl group in this reaction, also observed in the 
case of the acylcoumarono(2’ : 3’ : 3 : 2)indoles, is a very unusual feature. The position 
of the substituent in the nitro-derivative has not been definitely established, but the 
substance was different from 5-nitro-l-acetylindeno(2’ : 3’ : 2 : 3)indole, which was synthe- 
sised by applying Fischer’s reaction to 6-hydrindone-p-nitrophenylhydrazone and acetylat- 
ing the product. It is, however, extremely probable that the substituent occupies the 
6-position, as has been shown to be the case in analogous reactions with the simpler 
N-acylated indoles of this type. 1-Benzoylindeno(2' : 3’ : 2: 3)indole has been prepared, 
but attempts to obtain a similar addition product from it were unsuccessful. 

The 3-acetyl derivative of the more complex, but closely related, indeno(2’ : 3’ : 2 : 1)- 
8-naphthindole (V), obtained from §-hydrindone-B-naphthylhydrazone, was treated with 


~ ORC 


AcN H, 


nitric acid under similar conditions, and a simple mononitro-derivative was isolated in 
good yield, indicating that the ability to form addition compounds is diminished by the 
presence of the additional benzene nucleus, as was observed in the coumarono(2’ : 3’ : 3 : 2)- 
indole series. 

EXPERIMENTAL. 

Nitration of 1-Acetylindeno(2’ : 3’ : 2 : 3)indole.—Acetyl chloride (3 c.c.) was added gradually 
with shaking to a solution of indeno(2’ : 3’ : 2: 3)indole (3 g., prepared as described by Armit 
and Robinson, J., 1922, 121, 827) in acetone containing aqueous potassium hydroxide (3 g. of 
66%). The careful addition of water then precipitated 1-acetylindeno(2’ : 3’ : 2: 3)indole, 
which was purified by grinding with alcohol and crystallisation from glacial acetic acid, from 
which it separated in colourless needles, m. p. 131° (Found: N, 6-0. C,,H,,ON requires N, 
5:7%). It was readily hydrolysed to the original indole by refluxing with aqueous alcoholic 
alkali. The corresponding benzoyl compound, which formed brown prisms, m. p. 169—170°, 
from glacial acetic acid, was similarly prepared with the aid of benzoyl chloride (Found: N, 
4-7. C,.H,,ON requires N, 4-5%). 

When a suspension of the acetyl compound (2 g.) in glacial acetic acid (13 c.c.) at 50° was 
treated with nitric acid (0-7 g., d 1-5, dissolved in 2-5 c.c. of acetic acid), the temperature rose 
to 58° and a clear solution resulted. 6(?)-Nitro-l-acetylindeno(2’ : 3’: 2: 3)indole (0-5 g.), 
crystallising in orange plates, m. p. 275° (decomp.), from cyclohexanone, soon separated on 
cooling (Found: C, 69-6; H, 4-1. C,,H,,0,N, requires C, 69-9; H, 4-1%), and after a few 
hours the solution was filtered and the filtrate left for some days. The 3-mnitvo-2-acetoxy-1- 
acetyl-2 : 3-dihydroindeno(2’ : 3’ : 2: 3)imdole (1-2 g.) which then slowly separated was obtained 
in colourless prisms, m. p. 177—180° (decomp.) on recrystallisation from glacial acetic acid 
(Found, before recrystallisation: C, 64-9; H, 4-4; N, 7-8; after recrystallisation: C, 64-8; 
H, 4-6; N, 7-9. C,,H,gO;N, requires C, 64-8; H, 4:5; N, 8-0%). It is clear from the 
analytical figures that acetylation of the hydroxyl group took place during the reaction and 
not on subsequent recrystallisation. 

5-Nitro-1-acetylindeno(2’ : 3’ : 2: 3)indole-—When solutions of equal weights of 8-hydrindone 
and -nitrophenylhydrazine in hot alcohol were mixed, the hydrazone rapidly separated in 
yellow needles, m. p. 232° (decomp.). After this had been refluxed for an hour with equal 
volumes of glacial acetic acid and concentrated hydrochloric acid, the addition of water pre- 
cipitated 5-nitroindeno(2’ : 3’ : 2 : 3)indole, which formed crimson plates, m. p. 255°, from acetic 
acid (Found: C, 71-6; H, 4:1. C,,H,,O,N, requires C, 72-0; H, 40%). The indole was 
refluxed with acetic anhydride for 3} hours and 5-nitvo-l-acetylindeno(2' : 3’ : 2 : 3)indole 
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separated on cooling in yellow needles; it crystallised from acetic acid in yellow needles, m. p. 
247° (Found: N, 9-5. C,,H,,0,N, requires N, 9-6%). The same product was obtained 
when the indole was acetylated with acetyl chloride and alkali in acetone as described for 
indeno(2’ : 3’ : 2 : 3)indole. 

Nitration of 3-Acetylindeno(2’ : 3’ : 2 : 1)-8-naphthindole.—The B-naphthylhydvazone of B-hydr- 
indone, which formed yellow plates, m. p. 176° {decomp.), from alcohol, separated when hot 
alcoholic solutions of the hydrazine (5 g.) and ketone (4 g.) were mixed (Found: N, 10-1. 
Ci9H,,N, requires N, 10:-3%). When it was boiled for not more than 5 minutes with glacial 
acetic acid, indeno(2’ : 3’ : 2 : 1)-8-naphthindole,’ crystallising in yellow prisms, m. p. 208—209°, 
from alcohol, separated on cooling (Found: N, 5-5. C,,H,,N requires N, 5-5%). This was 
converted into its 3-acetyl derivative, which formed colourless prisms, m. p. 185°, from cyclo- 
hexanone, by a process similar to that used in the case of indeno(2’ : 3’ : 2 : 3) indole (Found : C, 
84-4; H, 5-1. C,,H,,ON requires C, 84-8; H, 5-1%). When the acetyl derivative (1-9 g.), 
suspended in glacial acetic acid (20 c.c.) at 50°, was treated with nitric acid (0-45 g., d 1-5, 
dissolved in 2 c.c. of acetic acid), ?-mitro-3-acetylindeno(2’ : 3’ : 2: 1)-B-naphthindole (1-5 g.) 
separated as a yellow solid. On recrystallisation from cyclohexanone and then from anisole it 
was obtained in feathery yellow needles, m. p. 265° (decomp.) (Found: C, 74-0; H, 4:3. 
C,,H,,03N, requires C, 73-7; H, 41%). 


Tue Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, September 16th, 1939.] 





325. The Question of Intramolecular Asymmetric Induction. 
By Atex. McKeEnzizE and ALEX. DUTHIE Woop. 


The (—)menthyl and the (—)bornyl ester of 4: 4’-dinitrodiphenic acid were 
prepared, and their rotatory powers were contrasted with those of the corresponding 
esters of m-nitrobenzoic acid and phthalic acid. These esters were all levorotatory in 
the solvents chosen, and there was no evidence that intramolecular asymmetric 
induction of 4 : 4’-dinitrodiphenic acid had occurred under the directing influence of the 
optically active menthyl and boriuyl groups. The conclusion is drawn that Kuhn’s 
suggestion of ‘‘ asymmetrische Umlagerung erster Art ”’ with 4 : 4’-dinitrodiphenic acid 
under the influence of quinine must remain an open question meantime. 

The isomeric optically inactive esters, (+-)bornyl (—)borny] 4 : 4’-dinitrodiphenate 
and dl-bornyl 4 : 4’-dinitrodiphenate, were prepared. 


THE conception of asymmetric induction as originally put forward by Erlenmeyer has been 
defined as “‘ die Wirkung einer Kraft, die von asymmetrischen Molekiilen ausgehend die 
Konfiguration veranderlicher Molekiile derart beeinflusst, dass diese aus einer urspriinglich 
symmetrischen in eine asymmetrische Form iibergehen ’’ (Kortiim, “‘ Neuere Forschungen 
uber die optische Aktivitat chemischer Molekiile,’’ Samml. chem. u. chem.-tech. Vortrage, 
Stuttgart, 1932, 94). Some of the claims made by Erlenmeyer,* as, for example, that 
cinnamic acid and benzaldehyde were obtained in optically active forms, are based on faulty 
experimental evidence and cannot be accepted. Nevertheless, the conception, when it 
is extended to intramolecular change, has proved fruitful as an incentive to research, and 
interest in it has been revived within recent years, partly asa result of work carried out in 
this laboratory (McKenzie and Mitchell, Biochem. Z., 1929, 208, 456, 471; 1930, 221, 1; 
1930, 224, 242; McKenzie and P. D. Ritchie, 2bid., 1931, 231, 412; 1931, 237, 1; 1932, 
250, 376; McKenzie, Z. angew. Chem., 1932, 45, 59; Chem. and Ind., 1932, 10, 491; Roger 
and P. D. Ritchie, Biochem. Z., 1932, 253, 239; Roger, J., 1932, 2168; P. D. Ritchie, 
‘“‘ Asymmetric Synthesis and Asymmetric Induction,’’ St. Andrews University Publications 
XXXVI, Oxford University Press, 1933; Roger and Gow, J., 1934, 130; Roger and 
McGregor, ibid., p. 1545; McKenzie and Christie, ibid., p. 1070; Biochem. Z., 1935, 277, 
122, 426; McKenzie, Ergebn. Enzymforsch., 1936, 5,49; McKenzie and A. Ritchie, Ber., 
1937, 70, 23; Roger, this vol., p. 108). 

The definition just given is somewhat restricted, and applies to intermolecular 


* References are given to Erlenmeyer’s papers in the obituary notice (Ber., 1921, §4, A, 107). The 
question of asymmetric induction is discussed by Ebert and Kortiim (Ber., 1931, 64, 342). 
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asymmetric induction, for examples of which very few cases, if indeed any, are available. 
It is unlikely, for example, that the optical activation of racemic acid by the optically 
active malic acids (McKenzie, J., 1915, 107, 440; McKenzie and Walker, J., 1922, 121, 
349; McKenzie, Plenderleith, and Walker, J., 1923, 123, 2875; McKenzie and Christie, 
Biochem. Z., 1935, 277, 122) would come under this category. On the other hand, cases of 
intramolecular asymmetric induction have been accumulating, and the following con- 
siderations are adduced to make the meaning of this term clear. 

By the action of ethylmagnesium iodide on (—)benzoin, McKenzie and Wren (J., 1910, 
97, 473) obtained a dextrorotatory ethylhydrobenzoin, but the formation of the two 
diastereoisomerides was indicated : 


H fe H tf 
(I.) ie —Ph and Ph —Ph (II.) 
bu dx ke 


(—) (+) =) (=) 


Only one glycol, subsequently designated as the @-form of +)ethylhydrobenzoin, was 
isolated from this reaction, whereas the «-form was obtained by Roger (Helv. Chim. Acta, 
1929, 12, 1060) by the action of phenylmagnesium bromide on (—)phenylpropionylcarbinol 
(III)., It has been shown (Roger, J., 1937, 1048) that the «-form possibly has the structure 
(I), and that it can be converted into an optically active ethylbenzoin (IV) by solution in 
ethylmagnesium iodide and addition of benzaldehyde. (IV) is dextrorotatory in ethyl 
alcohol, and is the antimeride of the compound (V) which had been previously obtained by 
the action of phenylmagnesium bromide on (—)phenylethylglycollamide (McKenzie and 
A. Ritchie, Ber., 1937, 70, 23). 

It will be noted that, in the action of phenylmagnesium bromide on (III), a second 
asymmetric carbon atom had been generated : 


‘> Et 
Ph—C—COEt —> Ph —Ph —> PhCO—¢—Ph 
HOH 


x bu 


(-) (—) (+) (+) 
(III.) (I.) (IV.) 


It is suggested that this new centre of optical activity is due to the carbonyl group in (III) 
having taken up a dissymetrical environment, and this would provide an example of 
intramolecular asymmetric induction. The extent of optical activity thus induced at the 
carbonyl group is assumed to be complete, and this activity is communicated to the 
glycol (I). Similarly, it has been shown (Roger, this vol., p. 108) that the 6-form of 
(+)ethylhydrobenzoin (II) (McKenzie and Wren, Joc. cit.) can be oxidised to (—)ethyl- 
benzoin (V), so that the following changes can be effected : 


H H OH ” 
Ph—C—COPh —> ~— — PhC —Ph 
H HEt be 
(—) -) ©) (-) 


(II.) (v.) 
In the optically active compounds 


H 
PhO and Ph—C-—COPh 
H H 
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the inducing centre (1) is directly linked to the induced centre (2), and the effect produced 
by intramolecular asymmetric induction is suggested as being at a maximum. 

Roger designates the conversion of (—)phenylpropionylcarbinol into (IV) and of 
(—)benzoin into (V) as examples of a “‘ unilateral internal asymmetric synthesis.’’ Also, 
Kenyon and Partridge (J., 1936, 1313) describe as an ‘‘ asymmetric synthesis of a new 
type ’’ the formation of (+-)methyl «8-dibromo-n-propyl ketone by the changes : 


(—)CH,-CH(OH)-CH:CH-CH, —> (-++)CH,-CH(OH)-CHBr-CHBr-CH, 
—> (-+)CH,-CO-CHBr-CHBr-CH, 


It must, however, be emphasised that in both of those cases where intramolecular asym- 
metric induction is possibly involved, the authors did not realise an asymmetric synthesis in 
the sense of the term as originated by Emil Fischer, Marckwald, and McKenzie (compare 
McKenzie and Walker, J., 1922, 121, 350; McKenzie and Mitchell, Biochem. Z., 1929, 
208, 460; McKenzie and Christie, J., 1934, 1070; McKenzie, Ergebn. Enzymforsch., loc. cit.), 
who employ the term to distinguish it from “ total (or absolute) asymmetric synthesis ”’ 
carried out by physical asymmetric directing influences. 

In this connexion it may be recalled that Fischer showed that, whilst mannose by the 
cyanohydrin reaction can theoretically yield both «- and 8-mannoheptose, in practice only 
one of those isomerides was obtained. Similarly, only one manno-octose was isolated from 
this synthetic mannoheptose, and only one mannononose from the manno-octose. But it 
is forgotten by some authors that Fischer never designated those results as exemplifying 
asymmetric syntheses. They may, however, be regarded as providing examples of intra- 
molecular asymmetric induction on the terminal aldehyde group. It may also be noted 
that the suggestion has been made, although with considerable reserve, that the 
asymmetric synthesis of, for example, (—)atrolactinic acid from (—)menthyl benzoyl- 
formate (McKenzie, J., 1904, 85, 1249) provides in an intermediate phase of the synthesis 
an example of intramolecular asymmetric induction, if the carbonyl group in the «-position 
in (—)menthyl benzoylformate assumes a dissymmetrical environment giving rise to a 


mixture of the two esters, 


CoHgCOCOOC Hyg and CgHy'CO-CO-O-CgFyy 
(-) (-) + - 


in unequal amounts and containing a preponderance of the former. 

As a consequence of our work in this field we have been led to study the work of Kuhn 
and Albrecht (Annalen, 1927, 455, 272; compare also Bell and Robinson, J., 1927, 2234), 
who describe an abnormal effect with 4 : 4’-dinitrodiphenic acid. Those authors found 
that the quinine salt of this acid was deposited from an alcoholic solution, in a yield of over 
80%, and that it was strongly dextrorotatory, giving [«]599, + 108° in chloroform solution, 
whereas quinine itself is levorotatory with [«];99, — 177° under similar conditions. This 
result is in contrast with the optical behaviour of the quinine salts of phthalic and of 
m-nitrobenzoic acids, which are both levorotatory and show no abnormality. The 
quinine salt of 4 : 4’-dinitrodiphenic acid is regarded by Kuhn and Albrecht as a homo- 
geneous salt of the activated acid, and when the quinine was eliminated from the salt, 
racemisation was supposed to take place owing to the removal of groups which acted as 
obstacles to the free rotation of the benzene nuclei. 


CO,H CO,H 


as 


In a later paper (Kuhn, Ber., 1932, 65, 49) the abnormal rotatory power of the quinine 
salt is interpreted on the idea that oosch h transformation into one form of the two 
possible diastereoisomerides had occurred by the directing influence of the optically active 
quinine, and this is described by Kuhn as affording an example of ‘‘ asymmetrische 
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Umlagerung erster Art.’’ It is possible that we have here to deal with an example of 
intramolecular asymmetric induction. 

It was thought by us that an examination of the optically active menthyl and borny! 
esters of 4 : 4’-dinitrodiphenic acid might give results in confirmation of Kuhn’s suggestions. 
It appeared conceivable that the introduction of the heavy menthyl or bornyl group in 
place of the hydrogen atoms of the carboxyl groups might cause interference with the 
ortho-hydrogen atoms in the benzene nuclei, so that free rotation could not occur, It 
therefore seemed possible that intramolecular asymmetric induction might occur, and that 
evidence of this might be obtained, if the solutions of the esters were dextrorotatory and 
would resemble (—)menthyl benzoylformate in exhibiting mutarotation. 

Both the acid and the normal (—)menthyl and (—)bornyl esters were accordingly 
prepared. A striking difference was observed in the rate of esterification of the acid with 
(—)borneo] as compared with that with (—)menthol. Whilst a good yield of the bornyl 
ester was obtained by the usual procedure, the main product in the case of (—)menthol 
was the acid ester where the normal ester was expected (see experimental section). The 
esters were all /evorotatory, the normal esters having in each case a higher rotatory power 
than the acid esters. In no case was mutarotation observed, and the acid obtained from 
the saponification of the esters was optically inactive. For comparison, (—)menthyl 
m-nitrobenzoate, (—)dimenthyl phthalate, (—)bornyl m-nitrobenzoate, and (—)dibornyl 
phthalate were also examined. They were also all levorotatory. There was thus no evi- 
dence that intramolecular asymmetric induction of 4 : 4’-dinitrodiphenic acid had occurred 
under the directing influence of the optically active menthyl and bornyl groups. But 
on the other hand the possibility that such an induction had occurred is not entirely 
excluded. 

It had previously been found in this laboratory that, with esters of the type of 
(—)menthyl benzoylformate, mutarotation was accelerated by the presence of traces of 
catalysts, In the cases now examined, the failure to detect mutarotation may have been 
due to the presence of some unknown catalyst which may have caused the final stage of the 
induction to be reached almost instantaneously. On the other hand, it may be due to the 
complete absence of a suitable catalyst, so that mutarotation would proceed at an imper- 
ceptible speed. 

With acids of the diphenyl group which can be isolated in optically active forms, 
occasional observations have been made, particularly by Adams, that their alkaloidal 
salts can definitely exhibit mutarotation, for example, with the brucine salt of 2’-nitro- 
2 : 5-dimethoxydiphenyl-6’-carboxylic acid (VI) (J. Amer. Chem. Soc., 1932, 54, 2966) : 


O, O-CH, 
N. 
(VII.) 


O,H O-CH, 0,H CO,H 


On the other hand, with some acids which are supposed to racemise so easily that they have 
not been isolated in an optically active form, the evidence cannot meantime be accepted 
as definite that their alkaloidal salts exhibit mutarotation. Thus, the salts of 2-phenyl- 
pyridine-2’ : 3-dicarboxylic acid (VII) with quinine, quinidine, cinchonine and cinchonidine 
are reported to exhibit mutarotation (Breckenridge and Smith, Canadian J. Res., 1938, 
16, B, 109), although details are given for the quinidine salt only. The slight change in 
optical rotatory power in the latter case may have been due to sufficient precautions not 
having been taken to regulate the temperature conditions, and it is significant that data 
regarding temperature are not recorded. In this connexion the possibility of mutarotation 
occurring with quinine diphenate (Lesslie and Turner, J., 1934, 347) has been carefully 
examined in this laboratory, and the results will be published soon. 

Kuhn and Albrecht (loc. cit.) found that the cinchonidine salt of 4 : 4’-dinitrodiphenic 
acid was strongly dextrorotatory, whereas cinchonidine itself is levorotatory. We find 
that the quinine acid salt also is dextrorotatory, although not so markedly so as is the norma] 
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salt. The cinchonine salt is strongly levorotatory, giving in chloroform [a]{§,, — 153-1°, 
whereas cinchonine is dextrorotatory. The quinidine salt also is levorotatory, giving in 
chloroform [«]?%2’ — 85-8°, whereas quinidine is dextrorotatory. It is perhaps significant 
that the salts of 4:4’-dinitrodiphenic acid with quinine, quinidine, cinchonine and 
cinchonidine possess rotations of the opposite signs to those of the alkaloids themselves. | 
Similarly, Lesslie and Turner (loc. cit.) have observed that both quinine diphenate and 
cinchonidine diphenate are dextrorotatory whilst cinchonine diphenate and quinidine 
diphenate are levorotatory. 

The conclusion arrived at by Kuhn and Albrecht that the high dextrorotation of the 
quinine salt provides evidence of labile optical isomerism is criticised adversely by Hyde 
and Adams (J. Amer. Chem. Soc., 1928, 50, 2499; compare Kharasch, Senior, Stanger, and 
Chenicek, ibid., 1934, 56, 1646), who lay emphasis on the work of Hilditch (J., 1908, 93, 
1388; 1909, 95,331, 1570; 1911, 99, 224). The last author observed anomalous effects on 
the rotatory power in the case of salts of various alkaloids with acids which cannot by any 
possible means be resolved into optical antimerides; thus, if there are conjugated systems 
close to the optically active centre of the molecule, the rotatory power is markedly in- 
fluenced, whilst the nature of the groups, especially in the ortho-position, may induce 
anomalous rotations. We have confirmed the high dextrorotation of the quinine salt of 
4 ; 4’-dinitrodiphenic acid, and also the high yield of the salt noted by Kuhn and Albrecht. 
We find, however, that the rotatory power of the salt drops from [@]5s9, + 102-4° to 
+ 84-2° in chloroform, when the salt is crystallised from a mixture of chloroform and 
benzene. This observation cannot be attributed to partial racemisation of the salt, since 
free rotation round the central bond would presumably (if the interpretation of Kuhn and 
Albrecht is accepted) be prevented by the presence of the quinine, and the diastereoiso- 
merides could only be formed by free rotation. The fall of rotatory power appeared to be 
due to the salt with the lower rotation containing benzene of crystallisation. 

We therefore came to the conclusion that Kuhn’s interesting suggestion of ‘“‘ asymmet- 
rische Umlagerung erster Art’’ with 4: 4’-dinitrodiphenic acid must remain an open 
question until further experimental evidence in its favour has been submitted. If the 
suggestion is correct, it is curious that abnormalities in rotatory power were lacking with 
the menthy] and borny] esters which we have studied. 

Arising from the work on the isomeric optically inactive bornyl fumarates (McKenzie 
and Abbot, J., 1934, 711; compare Abbot, McKenzie, and Ross, Ber., 1937, 70, 163; 
Abbot, Christie, and McKenzie, Ber., 1938, 71, 9; Abbot, McKenzie and Ross, ibid., p. 
16) we have prepared (+-)bornyl (—)bornyl 4 : 4’-dinitrodiphenate according to the scheme : 


O-0CipHi7 soci, CO*OC oH a7 (4) cyt OH 
(-) ———-> (-) > 


> 





NO, NO, NO, NO, 


O,H OCl O°0°C, 9H, 
(+) 


This optically inactive ester melts at 212—213°, whereas the isomeric optically inactive 
dl-bornyl 4 : 4’-dinitrodiphenate, prepared by mixing equal quantities of (+)dibornyl 
4: 4’-dinitrodiphenate and (—)dibornyl 4: 4’-dinitrodiphenate, melts at 200—201°. 
If in the preparation of (—)monoborny] 4 : 4’-dinitrodiphenate the assumption is made that 
intramolecular induction had occurred, then the optical activity of the ester would be due 
to two sources, (1) the optical activity of the (—)bornyl group and (2) the induced optical 
activity of the diphenyl group. In the event of the bornyl group being large enough to 
prevent free rotation about the central bond, the induced optical activity would be fixed, 
and, so long as the bornyl group is not removed, the optical activity could be neither 
increased nor decreased. When the (—)monoborny]l ester is esterified by (+-)borneol, 
the product would be (+-)bornyl (—)borny] 4 : 4’-dinitrodiphenate, and the optical activity 
due to the (+)bornyl group in the molecule would be neutralised exactly by that produced 
by the (—)borny! group. If, therefore, the (+-)bornyl (—)bornyl ester had shown any 
optical activity, this activity would be attributed to intramolecular asymmetric induction. 
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Since, on the other hand, the (-++-)bornyl (—)borny] ester is optically inactive, we draw the 
conclusion that no intramolecular asymmetric induction had been brought about in the 
formation of the original monoborny] (—)ester. 

In the event of the (—)menthy] or the (—)bornyl group exercising a blocking effect, it 
is possible that when 4 : 4’-dinitrodiphenic acid is esterified either by (—)menthol or by 
(—)borneol, a mixture of diastereoisomeric esters would be formed in each case, and such 
a mixture might be separable by fractional crystallisation. We encountered little evidence 
for this during the actual crystallisations. Nevertheless, a resolution may have taken place 
with the isolation of an ester either of the (++) or of the (—) acid, or the esters described 
(which are definite individuals and not mixtures) may be “‘ partially racemic ’”’ compounds 
which, like (—)menthyl r-mandelate, cannot be separated into diastereoisomerides under 
the temperature conditions employed. 

Some slight evidence, however, although not convincing, was afforded for the formation 
of diastereoisomerides. From the principle of Marckwald and McKenzie it follows that, if 
diastereoisomerides were formed during the esterification, they would be produced at 
different rates, and incomplete esterification would give a product with an optical rotatory 
power which would vary according to the extent of the esterification. Thus, when 
approximately half of the original acid was recovered unesterified by (—)borneol, the 
product (a) after one crystallisation had [a], — 26° (c = 1-7875) in chloroform, whereas, 
when approximately one fifth of the acid was recovered, the product (b) after one crystallis- 
ation had [«]) — 37° (c = 1-349), the homogeneous ester having [«]) — 41°. When less than 
one twentieth of the original acid was recovered, the dibornyl ester (c) after one crys- 
tallisation was homogeneous with [a];,,, — 47:2°. Again, the solubilities of those 
various products (a), (6), and (c) differed in ethyl alcohol, (a) being rather easily soluble 
and (c) soluble with difficulty. (c) is a single individual, whilst (a) is perhaps a mixture of 
diastereoisomerides.. If (c) is regarded as the ester of the (—)acid, (2) may contain some 
ester of the (+)acid. 


EXPERIMENTAL. 


Esterification of 4: 4'-Dinitrodiphenic Acid with (—)Menthol.—The acid, m. p. 255—256°, 
was prepared by the oxidation of 2 : 7-dinitrophenanthraquinone (Schmidt and Kampf, Ber., 
1903, 36, 3738). 

A mixture of the acid (10 g.) and (—)menthol (40 g.) was heated at 130° for 13 hours whilst 
hydrogen chloride was passed in at intervals. An ethereal solution of the product was washed 
with a concentrated solution of sodium bicarbonate. The aqueous solution was acidified by 
hydrochloric acid, and the precipitated solid crystallised from aqueous alcohol, 4 g. of unesterified 
acid being recovered. The ethereal solution was then washed three times with concentrated 
caustic soda solution, but from the aqueous solution only 0-2 g. of the acid ester was obtained. 
The ether and menthol were then removed from the ethereal solution by distillation in a current 
of steam. The residual solid was dried, dissolved in benzene, and the solution decolorised by 
charcoal. The addition of light petroleum (b. p. 40—60°) to the benzene solution caused the 
deposition of a solid (A), which was crystallised from benzene-light petroleum. Yield, 4 g. 
It is remarkable that this product was the acid ester and not the normal ester, and that it had 
not been removed by the treatment with caustic soda mentioned above. 

(—)Monomenthyl 4 : 4'-dinitrodiphenate is an amorphous solid, m. p. 166—167° (Found : 
C, 61-1; H, 5-5; N, 6-2. C,,H,,O,N, requires C, 61-2; H, 5-6; N, 6-0%). 

No definite mutarotation was observed in ethyl-alcoholic solution. Attempts to obtain 
from this acid ester either a quinine salt or a salt of a-phenylethylamine were unsuccessful. 
On saponification with alcoholic potash the ester gave 4: 4’-dinitrodiphenic acid, which was 
optically inactive in chloroform solution. 

The mother-liquor from which solid (A) had separated gave on evaporation a viscous oil 
(3-8 g.), from which the normal ester was obtained in small amount by extraction with light 
petroleum—benzene and finally crystallised from aqueous methyl alcohol. 

(—)Dimenthyl 4 : 4'-dinitrodiphenate separated from aqueous methyl alcohol as an amorphous 
solid, m. p. 61—62° (Found: C, 66-9; H, 7-2. C,,H,,O,N, requires C, 67-1; H, 7-3%). 

In a second esterification carried out by heating 15 g. of the acid with 60 g. of (—)menthol 
at 130° for 16 hours, the treatment with caustic soda adopted in the preceding preparation was 
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omitted; 8-5 g. of the acid ester and 1-8 g. of the normal ester were obtained. When the heating 
of the acid with menthol was prolonged for 27 hours, the proportion of normal ester was increased ; 
thus, from 11 g. of the acid and 44 g. of (—)menthol, 5-7 g. of the acid ester and 3-1 g. of the 
normal ester were obtained. 

No mutarotation was detected, the rotatory power being constant after 40 days. 

Saponification gave the optically inactive acid. 

The dimenthyl ester was also synthesised as follows: (1) The monomenthyl ester was 
converted by means of thionyl chloride into its acid chloride, which was then heated at 185° 
for 15 minutes with (—)menthol to give the dimenthy] ester. 

(2) 4: 4’-Dinitrodiphenic acid (6-7 g.) was heated for 8 hours with thionyl chloride (175 g.) 
and pyridine (5 c.c.). The dichloride (6-4 g.) of 4: 4’-dinitrodiphenic acid separated from 
benzene in crystals, m. p. 137°. 5-6 G. of the latter were heated with 12 g. of (—)menthol at 
175° for 1 hour; the yield of pure dimenthyl ester was 3-1 g. 

The latter ester, with which no mutarotation was detected, was saponified by alcoholic 
potash, and gave 4 : 4’-dinitrodiphenic acid, which in chloroform solution was optically inactive. 

We prepared (—)menthyl m-nitrobenzoate (Cohen and Armes, J., 1905, 87, 1190), b. p. 
184°/2-4 mm., and (—)dimenthyl phthalate (Arth, Ann, Chim. Phys., 1885, 7, 485), m. p. 
132°, and determined their rotations in ethyl a'cohol, chloroform and benzene. The com- 
parison of their rotatory powers with those of t. 2 esters of 4: 4 '-dinitrodiphenic acid is given 
in Table I. 

TABLE I, 
c. a0", [a]20". ae [a]2¢° 
1-04 —116° — 558° —1-31° — 63° 
0-6768 —0-79 — 58-4 —0-87 — 64:3 
0-598 —0-71 — 59-4 —0-78 — 65-2 
0-7964 _ — — 1-43 — 89-8 
0-5676 —0-84 — 74. _— _ 
0-734 —1-15 — 78-3 —1-40 — 95-4 
0-8668 — 1-45 — 83-6 — 1-67 — 96-3 
1-4024 —2-28 — 813 —2-67 — 95-2 
1-5224 — 2-55 — 83-7 — 3-02 — 99-2 
2-0815 —3-61 — 86-7 —4-22 —101-4 
0-5212 —1-01 — 96-9 —1-24 —119-0 
phthalate Chloroform 1-6032 — 3-06 — 95-4 —3-65 —113°8 
Benzene 1-9815 —3-80 — 95-9 _— — 
(—)Monomenthyl Chloroform —_ — — 91-4* 
phthalate Benzene a -- _ —107: 5T 


* Pickard and Littlebury, J., 1912, 101, 109. 
t Paoloni, Atti R. Accad. Lincei, 1919, 28, II, 237. 


Ester. Solvent. 


(—)Monomenthyl Ethyl alcohol 
4: 4’-dinitro- Chloroform 
diphenate Benzene 

©) eee aaa Ethyl alcohol 
diphenate Chloroform 

Benzene 

(—)Menthyl m-nitro- Ethyl alcohol 

benzoate Chloroform 
Benzene 


(—)Dimenthyl Ethyl alcohol 


a 


New www 


bonds bonnw vo 


Estevification of 4: 4'-Dinitrodiphenic Acid with (—)Borneol.—A mixture of the acid (16 g.) 
and (—)borneol (48 g.) was heated at 165—175° for 18 hours, a current of dry hydrogen chloride 
being passed in at intervals. An ethereal solution of the product was washed with sodium 
bicarbonate solution, the aqueous solution being then separated and acidified by hydrochloric 
acid. The precipitated solid was crystallised from aqueous alcohol; 4 g. of 4: 4’-dinitrodi- 
phenic acid were isolated, but none of the acid ester was obtained. 

The ethereal solution from which the acid had been obtained as just described was then 
evaporated, and the residue distilled in a current of steam to remove the excess of (—)borneol. 
The residual semi-solid was dissolved in benzene, the solution decolorised by charcoal, the bulk 
of the benzene evaporated, and light petroleum (b. p. 40—60°) added in excess. After two 
crystallisations from benzene-—light petroleum and two further crystallisations from ethyl 
alcohol, the product (10-9 g.) was homogeneous, The ester was also prepared by the action of 
(—)borneol on the dichloride of 4 : 4’-dinitrodiphenic acid. 

(—)Dibornyl 4 : 4'-dinitrodiphenate crystallised in rectangular plates, m. p. 201—202° (Found : 
C, 67-7; H, 6-7; N, 5-0. C,H gO,N, requires C, 67-5; H, 6-7; N, 46%). In acetone (/ = 2, 
c = 1-434): af” — 1-15°, [x]? — 40°; 02%, — 1-38°, [a}20e, — 48-1°. 

A solution of this ester (10-9 g.) in aqueous alcohol was saponified with half the amount of 
caustic potash necessary for complete saponification; heating on the water-bath was conducted 
for 40 minutes until the solution was neutral to litmus. The alcohol was distilled off, and the 
residual oil stirred with ether. The solid which separated was washed thoroughly with ether, 
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It was then shaken with ether and dilute hydrochloric acid, in which it dissolved slowly. The 
ethereal solution was separated and dried over sodium sulphate, and the ether expelled. The 
resulting viscous oil was dissolved in hot benzene-light petroleum. The deposited solid was 
recrystallised from benzene-light petroleum. Yield, 4-1 g. 

(—)Monobornyl 4 : 4'-dinitrodiphenate was obtained as an amorphous powder, m. p. 178—179° 
(Found : C, 61-9; H, 5:2; N, 6-0. C,,H,,O,N, requires, C, 61-5; H, 5-2; N, 6-0%). 

For comparison with the above esters in rotatory power, (—)bornyl m-nitrobenzoate was 
prepared by esterifying m-nitrobenzoic acid with (—)borneol by heating for 12 hours in the 
presence of hydrogen chloride. This ester crystallised from light petroleum in needles, m. p. 
76—77° (Found: C, 67-2; H, 7-1; N, 4:8. C,,H,,0O,N requires C, 67-3; H, 7-0; N, 46%). 

(—)Diborny]l phthalate was prepared from phthalic anhydride and (—)borneol. It crystallised 
from ethyl alcohol in prisms, m. p. 104—105° (Found: C, 76-8; H, 8-7. Calc. for C,H ,0, : 
C, 76-7; H, 8-7%). Haller (Compt. rend., 1889, 108, 456) gives m. p. 101-1°. 

The rotatory powers in the various solvents of the two bornyl esters described are given in 
Table II for comparison with those of (—)bornyl m-nitrobenzoate and (—)dibornyl phthalate. 
(—)Monoborny] 4 : 4’-dinitrodiphenate is very sparingly soluble in ethyl alcohol and its rotatory 
power was accordingly not determined in that solvent. 


TABLE II. 


Ester. Solvent. 


(—)Monobornyl 4:4’- Chloroform 
dinitrodiphenate Benzene 
(—)Dibornyl 4 : 4’- Ethyl alcohol 
dinitrodiphenate Chloroform 
Benzene 
(—)Bornyl m-nitro- Ethyl alcohol 
benzoate Chloroform 
Benzene 


(—)Dibornyl phthalate Ethyl alcohol 


c. a20*, [a]}2°. ane 
2-1292 — 1-23° —28-9° — 1-42° 
1-62 —0-81 —25 —0-96 
0-2132 —0-20 — 46-9 —0-24 
1 — 0-83 —41-5 —0-96 
0-533 —0-35 —$2-8 —0-44 
0:7284 —0-53 — 36-4 —0-63 
1-2475 —0-92 — 36-9 — 1-06 
2-0045 —1-31 —32-7 —— 

0-4582 —0-76 — 82-9 —0-89 
Chloroform 2 —2-71 — 67-8 —3-23 
Benzene 2-1695 — 2-80 — 64-5 
(—)Monobornyl Ethyl alcohol — 58-3 * 
phthalate Benzene —42-72 f 


* Haller, Joc. cit. 
{ Kenyon and Pickard, J., 1915, 107, 35, give +-42-72° for the (-+-)ester. 
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Alkaloidal Salts of 4 : 4'-Dinitrodiphenic Acid.—A mixture of the acid (6 g.) and cinchonine 
(13-2 g.) was heated with rectified spirit (1050 c.c.) for 1 hour, On cooling, cinchonine 4: 4’- 
dinitrodiphenate (6 g.) separated in needles, which, after drying at the ordinary temperature 
under diminished pressure, gave in chloroform (J = 2,¢ = 4:0135) : al — 12-29°, [a}}® — 153-1°; 
aS, — 14-84°, [a]}§, — 184-9°. After recrystallisation from chloroform-ethyl alcohol it had 
[o]2%, — 183-9° (c = 4-001). Crystals (1-5 g.) quickly separated from the mother-liquor from 
which the above 6 g. had been withdrawn, and these crystals had [«]}%, — 184-5° (c = 4-029). 
From the filtrate after a few days 4-2 g. were removed and this gave [a]?%, — 185-6° (c = 4-025) 
and m. p. 220—221°. No mutarotation was detected. The quinidine salt of 4: 4’-dinitro- 
diphenic acid was obtained by heating a solution of the acid (2 g.) in ethyl alcohol (40 c.c.) with 
quinidine (4 g.). The crystals (5-2 g.), after being dried at 100° under diminished pressure, gave 
in chloroform (} = 2, c = 2-0445): a???" — 3-51°, [a]? — 85-8°. After recrystallisation from 
chloroform-ethyl alcohgi, the rotatory power in chloroform was [a]? — 87° (c = 2-1325). 

The acid quinine salt of 4 : 4’-dinitrodiphenic acid was prepared by boiling the acid (2 g.) with 
ethyl alcohol (50 c.c.) and then adding a solution of quinine hydrate (2-3 g.) in ethyl alcohol 
(20 c.c.). The salt separated in rosettes of needles, m. p. 195—196°, and gave in a mixture of 
equal volumes of ethyl alcohol and chloroform (J = 2, c = 10185): a3?” + 0-95°, [a]? + 
46-6°; 2%, + 1-13°, [«]205, + 55°5°. There was no evidence of mutarotation having occurred 
with this solution after an interval of 10 days. The optical activity of the salt remained un- 
altered after recrystallisation. 

A hot solution of 8 g. of 4: 4’-dinitrodiphenic acid (1 mol.) in ethyl alcohol (200 c.c.) was 
mixed with a hot solution of 18-4 g. of quinine (2 mols.) in ethyl alcohol (160c.c.). The crystals 
which separated on cooling were filtered off, washed with alcohol, and dried under reduced 
pressure at the ordinary temperature until constant in weight, The 21-6 g. (A) thus obtained 
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had m. p. 229—231° (decomp.) and gave in chloroform [a]#" + 102-4°, [«]3ig, + 119-6° (c = 
1-998). On allowing the filtrate from this crop to remain at the ordinary temperature for 36 
hours, a further deposition of crystals (1-5 g.) took place; these had m. p. 226—227° (decomp.), 
and gave in chloroform [a]? + 108-5°, [«]2%5, + 128-5° (c = 2:0084). (A) was crystallised three 
times from benzene—chloroform, the rotatory power of successive crops being [«]}?" + 84-2° 
(c = 2-0016), [a]}#" + 84-7° (c = 2-0012), and [a]? + 85-2° (c = 2-001) in chloroform. 

In a second experiment, carried out with 6 g. of the acid and 13-8 g. of quinine under similar 
conditions, the 13 g. of salt which separated on cooling were crystallised from a mixture of chloro- 
form (120 c.c.) and benzene (120c.c.). The crystals (B) which separated (6-1 g.) gave [«]}?” + 
87-9° (c = 2-001) in chloroform; the value of the crystals (2-2 g.) after two further crystallis- 
ations was practically identical, namely, [a]? + 87-2° (c = 20015). A portion of (B) which had 
been crystallised from chloroform—benzene remained constant in weight when kept under 
diminished pressure over paraffin wax for 4 days. On heating, however, under diminished 
pressure at 100°, the loss in weight corresponded to a compound containing 1 mol. of the salt 
and 2 mols. of benzene. The rotation of the salt dried in this manner had risen to [a]? + 101° 
(¢ = 3-02). 

The Isomeric Optically Inactive Bornyl 4: 4'-Dinitrodiphenates——(—)Monobornyl 4: 4’- 
dinitrodiphenate (5-1 g.) was heated under reflux with thionyl chloride for 1 hour, and the 
excess of the thionyl chloride removed in a vacuum over caustic soda. The residual oil gradually 
solidified ; the product was then triturated with benzene-—light petroleum, and the acid chloride 
of (—)monoborny] 4 : 4’-dinitrodiphenate drained off. Yield, 4-1 g.; m. p. 48—49° (Found : 
C, 59-3; H, 5-0; N, 5-7. C,,H,,0,N,Cl requires C, 59-2; H, 4-8; N, 5-8%). 

A solution of this acid chloride (4-3 g.) in benzene (15 c.c.) was slowly added to a solution 
of optically pure (+)borneol (1-4 g.) in a mixture of benzene (10 c.c.) and pyridine (1-1 g.). 
After heating on the steam-bath for 30 minutes, the product was distilled in steam, the residue 
extracted with ether, the extract washed with sodium bicarbonate solution, and the product 
obtained from it crystallised from ethylalcohol. The crystals (1-3 g.) were slightly levorotatory 
in chloroform solution, giving [«]}%,, — 6-6° (c = 2-4125). They were boiled with ether, the 
solution removed from undissolved residue, and this treatment was repeated twice. The 
residue (0-3 g.) was then optically inactive when dissolved in chioroform. (+)Bornyl (—)bornyl 
4: 4'-dinitrodiphenate crystallised from ethyl alcohol in rhombic prisms, m. p. 212—213° 
(Found: C, 67-3; H, 6-3. C3,HO,N, requires C, 67-5; H, 6-7%). 

(+)Dibornyl 4 : 4’-dinitrodiphenate, prepared from 4: 4’-dinitrodiphenic acid by esterific- 
ation with optically pure (+)borneol, crystallised in plates, m. p. 200—201°. In chloroform 
(7 = 2, c = 0-86): af%5, + 0-82°, [«]24, + 47°7°. This value agrees with that found for the 
antimeride, namely, [«]?0,, — 48°. 

dl-Dibornyl 4 : 4'-dinitrodiphenate. A mixture of (+)dibornyl 4: 4’-dinitrodiphenate (0-222 
g.) and (—)diborny] 4 : 4’-dinitrodiphenate (0-222 g.) was dissolved in chloroform, and the solvent 
evaporated. The residue was crystallised once from ethyl alcohol. dl-Diborny]l 4 : 4’-dinitro- 
diphenate melted at 200—201°. The mixture of it with the isomeric (-+)bornyl (—)bornyl 
4 : 4'-dinitrodiphenate melted indefinitely. 


Our thanks are due to Drs. Evelyn Reid Lindsay Gow, Walter Mitchell, and Alex. Ritchie 
for assistance. We are also indebted to the Carnegie Trust for the Scottish Universities for a 
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326. Tetrahydrocitrylidene- and Citronellylidene-acetic Acids. 
Syntheses of sec.-isoOctylcyclopentane Derivatives. 


By H. N. Rypon. 


Tetrahydrocitrylidene- and citronellylidene-acetic acids are starting materials for 
possible syntheses of 2-methyl-3-sec.-isooctyleyclopentanone. They have both been 
shown to be mixtures of A*- and A®-isomerides, which have been separated in a pure 
condition in each case. The A*-isomeride (I) from tetrahydrocitrylideneacetic acid has 
been converted into a bromo-ester, both directly and through the Jactone (IV), but this 
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bromo-ester did not react smoothly with ethyl sodiocyanoacetate. 1-Methyl-2-sec.- 
isooctylcyclopentene (IX), a possible intermediate in the synthesis of methyl-sec.-iso- 
octylcyclopentanone, has also been prepared. A study has been made of some possible 
methods for the conversion of cyclopentanones into sec.-isooctylcyclopentanes ; in this 
connexion «-methyl-a-cyclopentylacetone has been synthesised. 







































Most of the work described in this paper had as its object the synthesis of 2-methyl-3- 
sec.-tsooctyleyclopentanone, which is the necessary starting material for the synthesis of 
cholesterol by the Mannich base method (Du Feu, McQuillin, and Robinson, J., 1937, 53; 
McQuillin and Robinson, J., 1938, 1097). A previous attempt to synthesise this material 
from dihydrocitronellylideneacetic acid had failed (Peak and Robinson, J., 1937, 1590). 
These authors prepared their unsaturated acid by the condensation of dihydrocitronellal 
with malonic acid in pyridine containing piperidine. The experience of the South Ken- 
sington school would lead one to suppose the acid so prepared to be a mixture of the 
desired A*’-isomeride with more or less of the A*-isomeride. Accordingly, the method 
was investigated further; the optically inactive tetrahydrocitral was used in preference 
to the optically active dihydrocitronellal in order to avoid stereochemical complications. 
Condensation of tetrahydrocitral with malonic acid in pyridine or triethanolamine 
gave the expected mixture of acids; this ‘‘ tetrahydrocitrylideneacetic acid’’ was sub- 
mitted to partial esterification (Kon, Linstead, and Maclennan, J., 1932, 2458; cf. Sud- 
borough and Thomas, J., 1911, 99, 2307 ; Eccott and Linstead, J., 1929, 2161). Hydrolysis 
of the ester so produced yielded 5 : 9-dimethyl-A*-decenoic acid (I), the unesterified material 
being 5 : 9-dimethyl-A?-decenoic acid (II). The structure of the A*-acid (I) was confirmed 
by its oxidation to 2 ; 6-dimethylheptoic acid (III), which was identified as its amide. In 


CHMe,*CH,*CH,*CH,*CHMe:CH:CH-CH,CO,H_ (1) 
(Il.) CHMe,*CH,*CH,*CH,-CHMe-CH,*CH:CH-CO,H 
CHMe,*CH,*CH,*CH,*CHMe-CO,H CHMe,’CH,CH,°CHyCHMeCH-CHyCH, (Iv,) 
(III.) ) aa ve 


agreement with the findings of Linstead, Noble, and Boorman (J., 1933, 557) triethanol- 
amine favoured the formation of the A*-acid; with this catalyst the proportion of this 
acid in the mixture, as estimated by partial esterification, was 66%, whereas the product 
obtained with pyridine contained only 25% of the A*-isomeride. Nevertheless, it was 
found most convenient to use the pyridine method and convert the A*-acid so formed 
into the equilibrium mixture of tautomerides by the action of hot alkali; this mixture, 
which contained 47% of the A*-acid, was separated into its components by partial esteri- 
fication. By repeating this process several times it was possible to obtain the A*-acid (I) 
in satisfactory yield. 

The action of cold concentrated sulphuric acid on the A*-acid (I) gave a good yield of 
y-sec.-isooctyl-y-butyrolactone (IV), but the bromo-ester obtained from this by the action of 
hydrogen bromide in alcohol gave no useful product on condensation with ethyl sodio- 
cyanoacetate; this was also the case with the ester of the bromo-acid obtained by the 
addition of hydrogen bromide to the acid (I) and the projected synthesis was abandoned. 

Citronellylideneacetic acid [a mixture of the isomerides (V) and (VI)] was prepared 
by Rupe and Lotz (Ber., 1903, 36, 2796) by the condensation of citronellal with malonic 
acid in pyridine solution. Despite the fact that Rupe, Pfeiffer, and Splittgerber (Ber., 
1907, 40, 2813) recognised the product to be a mixture of isomerides, it has been used in 
synthetic work (Ruzicka and Steiger, Helv. Chim. Acta, 1927, 10, 680; von Braun and 
Rudolph, Ber., 1934, 67, 1735). Application of the methods used with tetrahydrocitryl- 
ideneacetic acid led to the separation of the components, 5 : 9-dimethyl-A*‘®-decadienic 


CMe,:CH-CH,°CH,*CHMe-CH,°CH:CH’CO,H CMe,:CH-CH,’CH,-CHMe-CH:CH-CH,°CO,H 
(V.) (VI.) 


acid (V) and 5: 9-dimethyl-A***-decadienic acid (VI), in a state of purity.* The crude 


* Both of these acids may of course be mixtures of isopropylidene and isopropenyl isomerides. 
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citronellylideneacetic acid contains 30% of the A*-isomeride (VI), and this is present to 
the extent of 75% in the mixture obtained by alkali equilibration. 
The following series of reactions seemed to offer another possible synthetic approach 


to the desired ketone : 
CHMe:CH,°CH,°CH, HMe-CH,°CH,"CH, CHMe:CH,°CH,’CH, 
Oy A0,Et 


CHMe. HMe } CHM 
2 Oy 2M y, €2 


(VIL.) (VIII.) (IX.) 


Condensation of sec.-isooctyl iodide with the potassio-derivative of ethyl cyclopentanone- 
2-carboxylate yielded ethyl 2-sec.-isooctylcyclopentanone-2-carboxylate (VII). On hydrolysis 
with baryta this yielded both a-sec.-isooctyladipic acid and 2-sec.-isooctylcyclopentanone 
(VIII); more ketone was obtained by ketonisation of the adipic acid with baryta. The 
ketone (VIII) reacted readily with methylmagnesium iodide; dehydration of the product 
yielded 1-methyl-2-sec.-isooctyl-A1(?)-cyclopentene (IX). This unsaturated hydrocarbon 
reacted readily with selenious acid in boiling butyl alcohol; the product was a complex 
mixture and has not been fully investigated. 

The development of the furfural synthesis of 3’-keto-1 : 2-cyclopentenophenanthrenes 
(Robinson, J., 1938, 1390) rendered it desirable to work out a satisfactory synthesis of 
sec.-tsooctyleyclopentanes from cyclopentanones. Some model experiments on these lines 
have been carried out. The Grignard reaction with sec.-isooctyl iodide and cyclopentanone 
failed (cf. isopropyl iodide; Meerwein, Annalen, 1914, 405, 155) and recourse was made 


CO,Et-CH’COMe CO,Et-CMe-COMe HMe-COMe 
_— 


(x.) (XI) (XII.) 


to a less direct method. Ethyl cyclopentylacetoacetate (X), synthesised in the usual way 
from cyclopentanol, was methylated to ethyl cyclopentylmethylacetoacetate (XI). Alkaline 
hydrolysis yielded «-methyl-a-cyclopentylacetone (XIII); the product obtained by con- 
densing this ketone with isobutaldehyde was a complex mixture which has not been fully 


investigated. 
EXPERIMENTAL. 


Tetrahydrocitral (cf. Paal, D.R.-P. 298,193) was prepared by the hydrogenation of citral 
at 2—4 atms. in alcohol in the presence of palladised strontium carbonate. Yield, 80%; 
b. p. 99—101°/22 mm. 

Tetvahydrocitrylideneacetic Acid.—(i) 41 G. of tetrahydrocitral were mixed with 39 g. of 
triethanolamine, and 28 g. of powdered malonic acid added with shaking; the mixture became 
hot and set to a pasty mass. This was heated on the water-bath until evolution of carbon 
dioxide ceased (21 hours). It was then acidified with 50% (weight) sulphuric acid, extracted 
with ether, washed, dried, and distilled. The product (22 g.), b. p. 160—170°/17 mm., was 
purified by means of sodium bicarbonate and redistilled, yielding 15 g. (29%) of tetrahydro- 
citrylideneacetic acid, b. p. 164—166°/15 mm. nj” 1-4450 (Found: equiv., by titration, 194. 
Calc. for CygH,,O,, 198); partial esterification (see below) showed this material to contain 66% 
of the A®-isomeride. The method was useless for large-scale working owing to the formation 
of troublesome emulsions. 

(ii) 285 G. of maloniic acid were added to a mixture of 250 g. of tetrahydrocitral and 500 c.c. 
of pyridine. After being kept at room temperature for 6 hours, the mixture was heated over- 
night on the water-bath. The pyridine was removed by steam-distillation and the residue 
was acidified and extracted with ether. Distillation of the dried extract yielded 240 g. (75%) 
of a tetrahydrocitrylideneacetic acid, b. p. 170—175°/16 mm. (Found: equiv., by titration, 
195), shown by partial esterification to contain 25% of the A*-isomeride. 

Partial esterification. 1 G.-mol. of the above acid was kept at room temperature overnight 
with 100 c.c. of n-ethyl alcoholic hydrogen chloride and 239 c.c. of absolute alcohol. The 
product was poured into an excess of 10% sodium carbonate solution. The A*-ester thrown 
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out was extracted with ether, dried, and distilled; ethyl 5 : 9-dimethyl-A*-decenoate was thus 
obtained as a colourless oil, b. p. 134—135°/15 mm., with a rose-like odour (Found: C, 73-7; 
H, 11-5. C,,H,,O, requires C, 74-2; H, 11-5%). 

The residual sodium carbonate solution was acidified; the A*-acid liberated was extracted 
with ether, dried, and distilled. 5 : 9-Dimethyl-A?-decenoic acid (II) was obtained in this way 
as a colourless oil, b. p. 158—160°/7 mm., nj” 1-4580, with a waxy odour (Found: C, 72-6; 
H, 11-0; equiv., by titration, 195. C,,H,,.O, requires C, 72-65; H, 11-1%; equiv., 198). The 
p-bromophenacyl ester formed leaflets, m. p. 47°, from methyl alcohol (Found : C, 60-6; H, 6-7. 
C,9>H,,O;Br requires C, 60-8; H, 6-8%). 

The A*-ester was added to a cold 20% aqueous solution of 2 equivs. of potassium hydroxide, 
rendered homogeneous with alcohol (about 50 c.c. for 10 g. of ester), and kept at room temper- 
ature overnight. After dilution, neutral matter was removed by extraction with ether and 
the residual solution was then acidified and extracted with ether. Distillation of the dried 
extract yielded 5 : 9-dimethyl-A*-decenoic acid (I) as a viscous colourless oil, b. p. 162°/13 mm., 
my 1-4540, with a waxy colour (Found: C, 72-5; H, 11-2. C,,H,,0, requires C, 72-65; H, 11-1%). 
The p-bromophenacyl ester crystallised from methyl alcohol in leaflets, m. p. 39° (Found : 
C, 60:7; H, 6-8. C,.H,,O,Br requires C, 60-8; H, 6-8%). 

Equilibration. The large amounts of the A*-acid obtained by the pyridine method were 
converted into the A*-acid by the following procedure: 118 G. of the A*-acid (II) were heated 
for 24 hours in a boiling water-bath with 50 g. of sodium hydroxide in 100 c.c. of water and 
100 c.c. of ethyl alcohol. The product was poured into water and acidified, and the recovered 
acid extracted with ether, dried, and distilled. It was submitted to partial esterification, 
and the recovered A*-acid again equilibrated. By sapere the process several times the 
bulk of the A*-acid was converted into the required A?-isomeride (I). The equilibrated acid 
was found, by the partial esterification method, to contain 53% of the A*-isomeride. 

Oxidation of the A®.Acid.—2 G. of the pure A®-acid (I) were dissolved in 20 c.c. of 10% 
sodium bicarbonate solution and stirred at 0° while a solution of 5 g. of potassium permanganate 
in 200 c.c. of water was added dropwise during 30 minutes; after being stirred for a further 
24 hours, the solution was filtered and evaporated, and the residue acidified and extracted with 
ether. Distillation of the dried extract gave 0-6 g. of an acid, b. p. 123—128°/18 mm. (Found : 
equiv., by titration, 161-3. Calc. for C,H,,0,: equiv., 158. Calc. for C,,H,O,: equiv., 
172). This was heated for a short time with a little phosphorus trichloride, and the crude 
chloride decanted dropwise with shaking into 3 c.c. of aqueous ammonia (d 0-880) cooled in 
ice. The precipitated amide was filtered off, washed, and twice recrystallised from dilute 
acetone. 2: 6-Dimethylheptoamide formed leaflets, m. p. 95—9%6° (Found: N, 8-5. Calc. 
for C,H,,ON : N, 8-9%); Kogl and Boer (Rec. Trav. chim., 1936, 54, 779) record m. p. 99—100°. 
The m. p. was depressed to 80—85° on admixture with a specimen of tetrahydrogeranamide 
kindly provided by Prof. J. L. Simonsen, F.R.S. 

Lactonisation of the A®-Acid.—92 G. of the pure acid (I) were mixed carefully during 10 
minutes with 92 g. of concentrated sulphuric acid, rise of temperature being minimised by 
cooling in running water. After being kept at room temperature for 24 hours, the product 
was poured into an excess of 10% sodium carbonate solution and extracted with ether. Dis- 
tillation of the dried extract afforded 52 g. (67%) of y-sec.-isooctyl-y-butyrolactone (IV) as a 
colourless oil, b. p. 158—162°/13 mm., n>" 1-4619, having a strong odour of apricots (Found : 
C, 73-1; H, 10-85. C,,H,,O, requires C, 72-65; H, 11-1%). Experiments in which more 
dilute sulphuric acid was used or in which the reaction time was shorter gave lower yields. 

Bromodimethyldecoic ester. (i) 52 G. of the Af-acid (I) were kept overnight at room tem- 
perature in a closed vessel with 100 c.c. of a 50% (weight-volume) solution of hydrogen bromide 
in acetic acid. The acetic acid was then removed under reduced pressure, and the residue 
treated, in ice, with 75 c.c. of ethyl alcohol and 10 c.c. of concentrated sulphuric acid and kept 
at room temperature for 24 hours. The product was poured into water and extracted with 
ether. Distillation of the dried extract yielded much low-boiling material and 30 g. of ethyl 
4( ?)-bromo-5 : 9-dimethyldecoate, b. p. 145—150°/1-5 mm. (Found: Br, 25-1. C,,H,,0,Br 
requires Br, 26-0%). 

(ii) 66 G. of the lactone (IV) were dissolved in 150 c.c. of absolute alcohol and saturated 
with hydrogen bromide at 0°. After being kept overnight at room temperature, the product 
was poured into water and extracted with ether. Distillation of the washed and dried extract 
yielded 66 g. (65%) of the above bromo-ester, b. p. 143—148°/0-6 mm. 

Condensation of this bromo-ester with ethyl sodiocyanoacetate gave only a poor yield of 
material of doubtful homogeneity. 
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Citronellylideneacetic Acid.—This was prepared by the method of Ruzicka and Steiger 
(Helv. Chim. Acta, 1927, 10, 684). 

Partial esterification. 31 G. of the acid were kept at room temperature overnight with 
37 c.c. of absolute ethyl alcohol and 16 c.c. of N-ethyl-alcoholic hydrogen chloride. The product 
was poured into 250 c.c. of 10% sodium carbonate solution and the A*-ester thrown out was 
extracted with ether, dried, and distilled, yielding 10 g. (28%) of ethyl 5: 9-dimethyl-A*‘8- 
decadienate as a colourless oil, b. p. 139—141°/13 mm., having a pleasant sweet smell (Found : 
C, 74:8; H, 10-6. C,,H,,O, requires C, 75-0; H, 10-7%). 

The residual sodium carbonate solution was acidified and the precipitated A*-acid was 
extracted with ether. Distillation of the dried extract afforded 19 g. (60%) of 5 : 9-dimethyl- 
A?*8-decadienic acid (V) as a viscous colourless oil, b. p. 173—175°/13 mm., with a waxy odour 
(Found: C, 73-5; H, 10-3; equiv., by titration, 193-5. C,,H, O, requires C, 73-5; H, 10-2%; 
equiv., 196). 

16 G. of the pure A®-ester were hydrolysed by keeping overnight with 8 g. of potassium 
hydroxide in 40 c.c. of water and 100 c.c. of alcohol. The solution was poured into water 
and, after removal of neutral material by extraction with ether, the A*-acid was thrown out 
by acidification, extracted with ether, dried, and distilled. 5 : 9-Dimethyl-A®**-decadienic 
acid (VI) (10 g.; 72%) was a colourless viscous oil, b. p. 163—165°/1 mm., with a waxy odour 
(Found : C, 73-6; H, 10-0; equiv., by titration, 197-8. C,,H,.O, requires C, 73-5; H, 10-2%; 
equiv., 196). 

Equilibration. This was carried out by the method described for dimethyldecenoic acid 
(p. 1547). The equilibrated acid contained 75% of the A®-isomeride. 

Methyl-sec.-isooctylcyclopentene.—37 G. of ethyl cyclopentanone-2-carboxylate were con- 
verted into the potassio-derivative by heating under reflux in an oil-bath at 110—140° with 
9 g. of powdered potassium in 250 c.c. of xylene. After addition of 57 g. of sec.-isooctyl iodide 
the mixture was refluxed in an oil-bath at 140—150° for 33 hours. The product was cooled 
and diluted with water; the xylene layer was separated, washed, dried, and distilled, yielding 
36-5 g. (59%) of ethyl 2-sec.-isooctylcyclopentanone-2-carboxylate (VII), b. p. 165—175°/14 mm., 
mi 1-4588 (Found : C, 70-8; H, 10-5. C,sH,,O; requires C, 71-6; H, 10-45%). 

36-5 G. of the keto-ester (VII) were refluxed for 72 hours with a solution of 70 g. of baryta 
in 210 c.c. of water. The cooled solution was acidified and extracted with ether. The residue 
obtained on evaporation of the ethereal extract was purified by means of sodium carbonate. 
On distillation the neutral portion gave 3-5 g. (13%) of 2-sec.-isooctylcyclopentanone, b. p. 
134—136°/16 mm. (see below). The acidic product was a gum which slowly crystallised. 
After draining on porous earthenware, two crystallisations from light petroleum (b. p. 40—60°) 
yielded «-sec.-isooctyladipic acid in leaflets, m. p. 54° (Found: C, 65-1; H, 10-25. C,,H,,0, 
requires C, 65-1; H, 10-1%). 

16-5 G. of the gummy acid were slowly distilled with 0-5 g. of baryta at 350—360° under 
somewhat diminished pressure. The distillate was taken up in ether, washed with sodium 
carbonate solution, dried, and distilled, yielding 7 g. (52%) of 2-sec.-isooctylcyclopentanone 
(VIII) as a colourless oil, b. p. 135—137°/17 mm., n>” 1-4548, having a waxy ketonic odour 
(Found: C, 79-4; H, 12:3. C,,;H,,O requires C, 79-6; H, 12-25%). The 2: 4-dinitrophenyl- 
hydrazone crystallised from ethyl alcohol in yellow prisms, m. p. 86—87° (Found: N, 15-15. 
C,,H,,0,N, requires N, 14-9%). 

10-5 G. of the ketone (VIII) were added dropwise, with shaking, at 0° to a Grignard reagent 
prepared from 7-6 g. of methyl iodide, 1-3 g. of magnesium, and 20 c.c. of anhydrous ether. 
After being kept at room temperature for an hour, the mixture was refluxed on the water- 
bath for 45 minutes, cooled, decomposed with ice and dilute sulphuric acid, and extracted 
with ether. The residue obtained by evaporation of the dried extract was refluxed overnight 
with 10 g. of hydrated oxalic acid in 10 c.c. of water. The cooled product was diluted with 
water and extracted with ether; the extract was washed with sodium carbonate solution, 
dried, and distilled.. 1-Methyl-2-sec.-isooctyl-A'( ?)-cyclopentene (IX) (6 g.; 60%) was thus 
obtained as a colourless, almost odourless oil, b. p. 112—115°/18 mm., m}® 1-4572 (Found : 
C, 86-4; H, 13-4. C,,H,, requires C, 86-6; H, 13-4%). 

Methylcyclopentylacetone.—111 G. of cyclopentyl bromide (Noller and Adams, J. Amer. 
Chem. Soc., 1926, 48, 1084) were added to a cooled mixture of 97-5 g. of ethyl acetoacetate and 
sodium ethoxide (from sodium, 17 g., and absolute alcohol, 225 c.c.). After refluxing on the 
water-bath for 4 days, the product was poured into water, extracted with ether, dried, and 
distilled. Ethyl cyclopentylacetoacetate (X) so obtained (94 g.; 63%) had b. p. 125—130°/18 


mm., #i8° 1-4527. With phenylhydrazine in acetic acid it yielded 1-phenyl-3-methyl-4-cyclo- 
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pentyl-5-pyrazolone, which crystallised from dilute alcohol in pale yellow needles, m. p. 133— 
134° (Found: N, 11-1. C,;H,,ON, required N, 11-6%). 

94 G. of the above keto-ester (X) were added to a solution of 11 g. of sodium in 150 c.c. 
of absolute alcohol. 85 G. of methyl iodide were added to the cooled product and, after the 
vigorous reaction had abated, the mixture was refluxed on the water-bath overnight. On 
working up in the usual way ethyl cyclopentylmethylacetoacetate (XI) (66 g.; 66%) was obtained 
as a colourless oil, b. p. 128—131°/13 mm., n}* 1-4607 (Found: C, 67-8; H, 9-3. C,,H,,O; 
requires C, 67-9; H, 9-4%). 

66 G. of the keto-ester (XI) were freed from unmethylated material by washing with 5% 
sodium hydroxide solution and then refluxed for 18 hours with 40 g. of potassium hydroxide 
in 400 c.c. of water. The product was distilled in steam, and the distillate extracted with 
ether. Distillation of the dried extract gave 30 g. (69%) of a-methyl-a-cyclopentylacetone (XII) 
as a colourless oil, b. p. 76—79°/17 mm., 3° 1-4470, having a strong camphor-like odour 
(Found : C, 76-9; H, 11-4. C,H,,O requires C, 77-2; H, 11-4%). The semicarbazone crystal- 
lised from dilute alcohol in rhombic leaflets, m. p. 98° (Found: N, 21-0. C,)H,,ON; requires 


N, 21-3%). 
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327. Studies in the Polyene Series. Pari I. 
By E. Barractoucu, J. W. Batty, I. M. HEILBRoN, and W. E. Jones. 


Citral condenses readily with B-methylcrotonaldehyde (catalyst, sodamide), giving 
two isomeric aldehydes: (i) y-ionylideneacetaldehyde a (semicarbazone, m. p. 178— 
179°) and (ii) J-ionylideneacetaldehyde b (semicarbazone, m. p. 112°). Both aldehydes 
exhibit an absorption maximum at 3150 A. and the semicarbazones at 3250 and 3240 A. 
respectively. 

Condensation of citral with crotonaldehyde in presence of sodamide gives citryl- 
idenecrotonaldehyde a (semicarbazone, m: p. 160°, Amax, 3255 A.) (J., 1937, 755), to- 
gether with a new isomeric aldehyde (semicarbazone, m. p. 186°, Amax. 2860 A.). Spec- 
troscopic data and microhydrogenation indicate that this aldehyde is cyclic and 
contains only three ethylenic linkages. 

Citral also condenses with acetaldehyde in the presence of sodamide, giving 
citrylideneacetaldehyde together with a small amount of the cyclic aldehyde (semi- 
carbazone, m. p. 186°), referred to above. 


AN account has already been given (J., 1937, 755) of the isolation of three isomeric alde- 
hydes from the condensate of citral and crotonaldehyde in the presence of the neutral 
piperidine-acetic acid catalyst of Kuhn, Badstiibner, and Grundmann (Ber., 1936, 69, 
104). These were characterised by their semicarbazones: (A) m. p. 160° (A,,,, 3255 A.), 
shown to be derived from an aldehyde which we propose to refer to in future as citrylidene- 
crotonaldehyde a; (B) m. p. 206° (A,,4., 3255 A.), most probably derived from a geometrically 
isomeric citrylidenecrotonaldehyde 6; and (C) m. p. 197° (Ang, 2855 A.), derived from an 
aldehyde (probably cyclic) of unknown constitution. 

In a study of the intermolecular condensation of crotonaldehyde with piperidine 
catalysts, Fischer, Hultzsch, and Flaig (Ber., 1937, 70, 370) found it advantageous to 
employ a considerable excess of acetic acid; using these conditions, we find that the 
condensation of citral with crotonaldehyde gives very similar results to those obtained with 
the neutral catalyst, although the reaction period is greatly reduced. We have now 
observed that the addition of a small proportion of silica gel to either the neutral or the 
acid catalyst results in a considerable increase in the total yield of condensation products 
together with marked reduction in the amount of undistillable resin. 

Reduction of citrylidenecrotonaldehyde a with aluminium isopropoxide gives the corre- 
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sponding alcohol, the absorption maximum of which at 2680 A. (Table I) proves that in 
the original aldehyde the light-absorbing system is conjugated with the carbonyl group; 
furthermore, the alcohol is shown by microhydrogenation to contain four ethylenic linkages, 
thus confirming the acyclic nature of the original aldehyde. In view of the very close 
spectroscopic similarity between the citrylidenecrotonaldehydes a and 6 and their deriv- 
atives, it seemed highly probable that the latter also was acyclic and this has now been 
confirmed by the fact that quantitative microhydrogenation of the semicarbazone estab- 
lished the presence of five double bonds (including the semicarbazido-linkage). 

In order to obtain compounds with methyl groups in the requisite positions for a 
possible synthesis of vitamin-A, it is clearly necessary to substitute 6-methylcrotonaldehyde 
for crotonaldehyde, but all attempts to condense citral with the former in the presence of 
any of the piperidine catalysts proved abortive. By use of the neutral catalyst the only 
product isolated, apart from low-boiling condensation products of 8-methylcrotonaldehyde 
(Fischer and Hultzsch, Ber., 1935, 68, 1726), was an oil, b. p. 100—125°/0-05 mm. 
(Amax. 3240 A.), giving a semicarbazone, m. p. 192—193°, exhibiting an absorption band of 
high extinction at 3330 A. The location of these absorption maxima would indicate the 
presence of the system >>C=C-C=C~C=C-C-0, but analysis of the semicarbazone proved it 
to be derived from an aldehyde of empirical formula C,)H,,0 and not C,,H,,0. This 
compound has not been examined in detail, but it is clearly neither dehydrocitral (II), 
b.. p. 65°/0-05 mm., semicarbazone, m. p. 224—225° (Fischer and Hultzsch, Joc. cit.), nor 
2: 2: 4-trimethyl-A*‘*-cyclohexadienealdehyde (III), b. p. 86—88°/9 mm., semicarbazone, 
m. p. 213° (Fischer and Lowenberg, Annalen, 1932, 494, 274). It may possibly be identical 
with the compound (semicarbazone, m. p. 195°) obtained by Bernhauer and Neubauer 
(Biochem. Z., 1932, 251, 173) from the products of the intermolecular condensation of 
§-methylcrotonaldehyde (but cf. Fischer and Hultzsch, loc. cit.). 

A similar condensation to the above but using the acid catalyst of Fischer, Hultzsch, 
and Flaig (loc. cit.) gave an oil, b. p. 148—153°/0-05 mm., which exhibited an absorption 
band in the region of 2300 A. and an inflexion at 2600—2700 A. but possessed no aldehydic 
properties. 

 sadantathiins with Sodamide as Catalyst.—Fischer and Léwenberg (loc. cit.) have shown 
that the main product obtained by the action of sodamide on 8-methylcrotonaldehyde is 
2: 2: 4-trimethyl-A*‘*-cyclohexadienealdehyde. These authors further observed that, 
whereas crotonaldehyde under the same conditions yields only an undistillable resin, 
citral gives a Cy) aldehyde which they formulated as (V). We now find that the condens- 
ation of citral with crotonaldehyde in the presence of sodamide rather surprisingly gives 
a good yield of citrylidenecrotonaldehyde a, isolated as its semicarbazone, m. p. 160°. 
Although no trace of the less soluble semicarbazone of citrylidenecrotonaldehyde 6 could 
be detected, the mother-liquors were found to contain a new semicarbazone, (D), m. p. 
186°, closely resembling semicarbazone (C) in the position of its absorption maximum but 
showing a wide divergence in extinction coefficient (Table I). The position of this band 
(Amax. 2860 A.) indicates a cyclic formulation and the correctness of this view was established 
by quantitative microhydrogenation, which revealed the presence of only four double 
bonds (including the semicarbazido-linkage). 

Citral also condenses very readily with acetaldehyde in presence of sodamide, giving a 
good yield of «-aldehydo-30-dimethyl-A*”-nonatriene (citrylideneacetaldehyde) (IV), the 
semicarbazone, m. p. 170°, being identical with that obtained by use of the neutral piper- 


CMe, 
(.) R-*CMe:CH-(CH:CH],°-CHO 
H, 
MeC 


gg (III.) 
\ 


(II.) CMe,;CH-CH:CH-CMe:CH-CHO 
H 
R = CMe,:CH-CH,’CH,,. 
idine~acetic acid catalyst (J., 1937,755). In addition, a considerable quantity of the above- 
mentioned semicarbazone D was isolated, although, rather surprisingly, no trace of citryl- 


idenecrotonaldehyde a semicarbazone could be detected (cf. J., 1937, 759). 
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Having established that, contrary to the results obtained With single aldehydes, the 
use of sodamide as catalyst in condensations between dissimilar aldehydes gives rise to 
acyclic compounds, we next investigated the condensation between citral and 6-methyl- 
crotonaldehyde. Distillation of the crude condensate gave as main fraction an orange- 
yellow oil, b. p. 110—120°/0-06 mm., from which two isomeric semicarbazones, m. p. 178— 
179° and 112°, were readily obtained. Analysis of the former proved it to be derived 
from an aldehyde C,,H,,0 and the position of its absorption maximum at 3250 A. and that 
of the free aldehyde (3150 A.) regenerated on hydrolysis with phthalic anhydride are in 
excellent agreement with those found for the citrylidenecrotonaldehydes and their semi- 
carbazones (see Figs. 1 and 2). Quantitative microhydrogenation of the semicarbazone 
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established that it is acyclic and, as will be shown in Part III, it is almost certainly 
y-ionylideneacetaldehyde a, the analogue of citrylidenecrotonaldehyde a. 


(IV.) R-CMe:CH-CH:CH-CHO a: 
(VI) R»CMe:CH-CH:CH-CMe:CH-CHO 
CMey:CH-CH,CH,°C:CH-CHO 


\ 
H¢ (CHO wy) 


(vit) CH!CH-CH:CMeR’ vila, li 


H 


(VIII.) R*CMe:CH-[CH:CH],-COMe 
R-CMe:CH-CH:CH:-CMe:CH-CH:CH-COMe_ (IX.) 


R’ =H or Me. 


Although the evidence is strongly in favour of (VI), structure (VII, R’ = Me) could not 
be entirely excluded. In order to obtain further evidence on this point both citrylidene- 
crotonaldehyde a and y-ionylideneacetaldehyde a were ozonised, and the acetone formed 
in each case estimated quantitatively. If these two aldehydes possessed structures of 
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type (VII), citrylidenecrotonaldehyde a (R’ = H) should give one molecule of acetaldehyde 
and one molecule of acetone, whereas y-ionylideneacetaldehyde (R’ = Me) should yield 
two molecules of acetone. In actual fact it was found that in the case of the former no 
acetaldehyde could be detected and the yields of acetone from the two aldehydes were 
approximately equivalent, corresponding to rather less than one molecule per molecule of 
aldehyde, thus eliminating structure (VII; R’ = H or Me). 

The isomeric semicarbazone, m. p. 112° (A,,,,, 3240 A.) on hydrolysis gave the correspond- 
ing aldehyde as a steam-volatile oil (A,,,, 3150 A.), which is shown (Part III) to be the 
analogue of citrylidenecrotonaldehyde 6 and therefore is y-ionylideneacetaldehyde 6 (Fig. 2). 

Cinnamaldehyde also condenses with acetaldehyde under the above conditions, although 
not so readily as citral. The cinnamylideneacetaldehyde (A,,,,, 3210 A.) was characterised 
by its semicarbazone, m. p. 218—218-5° (A,,,,, 3390 A.). 

Both citrylidenecrotonaldehyde a and y#-ionylideneacetaldehyde a condense readily 
with acetone in presence of sodium ethoxide, giving respectively $-keto-«€-dimethyl- 

Av”-pentadecapentaere (VIII) (Ang, 3580 A.) (semicarbazone, m. p. 171°, Ag, 3500 A.) and 
@-keto-{«€-trimethyl-A”””-pentadecapentaene (IX) (Amax, 3580 A.) (semicarbazone, m. p. 
161°, Amax. 3500 A.). : 

TABLE I. 
Semicarbazone. 
Anas.» A. . ar A. €max.- 

y Citrylidenecrotonaldehyde a . secensibeis 3140 \ 3255 27,100 
(ii) b 3160 ’ 3255 24,400 
(iii) p- Tonylideneacetaldehyde a 3150 3250 33,000 
(iv) b 3150 7 3240 24,400 
(v) Aldehyde C « eacacaiteets = 2855 21,100 
(vi) D -- -- 2860 50,000 

(vii) Alcohol from OP cecesstebsinevebpsocsscnessahes 2680 ‘ - 

(viii) ™ ee. ae oe 2650 — 
(i) on (uu) bec cccccccocetocetossecs cooccopes 2650 — 
2660 = 


(xi) Ketone (vit). PEERS, & Ser een 3580 j 3500 
(xii) mn CT cccececesccevecece cosvetess 3580 
" Solvent, alcohol. 


EXPERIMENTAL. 


Condensation of Citval with Crotonaldehyde.—(a) Acid catalyst. A mixture of citral (150 g.) 
and crotonaldehyde (210 g.) together with the catalyst (3 g. of piperidine in 30 c.c. of glacial 
acetic acid) was heated to 60°; a vigorous reaction then occurred. After this had moderated, 
the whole was heated at 90—95° for a further } hour and then distilled (water-pump) to remove 
water, crotonaldehyde and low-boiling condensation products. Distillation of the residue in 
a high vacuum gave a main fraction (51 g.), b. p. 93—120°/0-2 mm., redistillation of which 
through a Widmer column yielded two fractions : (i) 5 g., b. p. 100—110°/0-05 mm., identified 
as citrylidenecrotonaldehyde 6 by conversion into the semicarbazone, m. p. 206°; and (ii) 
25 g., b. p. 11I—112°/0-05 mm.., giving citrylidenecrotonaldehyde a semicarbazone, m. p. 160°. 

(b) Neutral catalyst + silica gel. Citral (150 g.), crotonaldehyde (90 g.), freshly dehydrated 
silica gel (15 g.), and the catalyst (2-5 g. of an equimolecular mixture of piperidine and glacial 
acetic acid in the minimum volume of alcohol) were heated together on the steam-bath for 
3 hours, during which time a further quantity of crotonaldehyde (135 g.) was added dropwise 
in an atmosphere of nitrogen. The product was dissolved in ether, washed successively with 
dilute sulphuric acid and water, and dried over sodium sulphate. Removal of the solvent left 
a brown oil, which distilled mainly at 120—210°/30 mm., leaving relatively little undistillable 
resin. The distillate, on fractionation through a Widmer column, gave the following fractions : 
(i) 102 g. (citral), b. p. 70—75°/0-06 mm. ; (ii) 12 g., b. p. 95—100°/0-06 mm.; (iii) 39 g., b. p. 
105—112°/0-06 mm. Fractions (ii) and (iii) gave the semicarbazones of citrylidenecrotonalde- 
hydes b and a respectively. 

In a similar condensation to the above, the acid catalyst being used, citral (150 g.), croton- 
aldehyde (210 g.), silica gel (15 g.), and the catalyst (3 g. of piperidine in 30 c.c. of glacial acetic 
acid) gave 10 g. of fraction (ii) and 30 g. of fraction (iii). 

1d-Dimethyl-AP&*-dodecatetraen-a-ol.—Citrylidenecrotonaldehyde a (3-3 g., regenerated from 
its semicarbazone) was dissolved together with aluminium isopropoxide (10 g.) in dry isopropyl 
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alcohol (50 c.c.), and the reduction carried out in the normal manner. in order to remove any 
unreduced aldehyde, the crude product was refluxed with Girard reagent P (2 g.) in a mixture 
of alcohol (20 c.c.) and glacial acetic acid (2 ¢.c.). The solution was then diluted with aqueous . 
sodium bicarbonate (1-5 g. in 150 c.c.) and extracted with ether, and the solvent removed. 
The residue on distillation with steam gave the alcohol as a pale yellow oil, b. p. 200—210°/30 
mm. (with chloroformic antimony trichloride the alcohol gives a wine-red colour with a greenish 
tinge) (Found : C, 81-3; H, 10-7. C,4H,,O requires C, 81-5; H, 10-7%). Quantitative micro- 
hydrogenation : 5-176 mg. absorbed 2-504 c.c. of hydrogen at.753 mm, and 20° (solvent, acetic 
acid), equivalent to 4-1 double bonds. 

. Condensation of Citral and Crotonaldehyde (Catalyst, Sodamide).—Powdered sodamide (5 g.) 
was added to a solution of citral (100 g.) and freshly distilled crotonaldehyde (100 g.) in dry 
ether (400 c.c.), the vigorous reaction which commenced immediately being moderated by cooling 
in ice. After standing at room temperature for 20 minutes, the sodamide had completely 
dissolved and the ethereal solution was washed with dilute sulphuric acid and water and dried 
over sodium sulphate. After evaporation of solvent, unchanged citral was removed (water- 
pump), and the residue fractionated (Widmer column). The main fraction, b. p. 120—135°/0-1 
mm., on redistillation gave a pale yellow oil (17 g.), b. p. 126°/0-15 mm., consisting mainly of 
citrylidenecrotonaldehyde a, identified by conversion into its semicarbazone, m. p. 160°. From 
the mother-liquors semicarbazone (D), m. p. 186°, was isolated (Found: C, 69:2; H, 86; N, 
16-1... C,;H,,ON, requires C, 69-0; H, 8-8; N, 16-11%). Microhydrogenation: 2-70 mg. 
absorbed 0-99 c.c. at 760 mm. and 18° (solvent, decalin), equivalent to 4-03 double bonds. 

Condensation of Citral with Acetaldehyde (Catalyst, Sodamide).—Citral (100 g.) was condensed 
with acetaldehyde (58 g.) in presence of sodamide (5 g.) in ether (400 c.c.) as described; above. 
After removal of unchanged citral, the residue was distilled through a Widmer column, giving 
as main fraction a yellow mobile liquid, b. p. 100—110°/0-1 mm. (10-4.g.). The semicarbazone 
crystallised from methyl alcohol in plates, m. p. 170° alone or admixed with authentic citryl- 
ideneacetaldehyde semicarbazone, m. p. 166—168° (Found: C, 66-3; H, 8-9. Calc. for 
C,;H,,ON,: C, 66-4; H, 89%). The extinction coefficient of the absorption maximum at 
3045 A. was 49,000, indicating that the compound was somewhat purer than that obtained by 
use of the piperidine—acetic acid catalyst (47,200). From the mother-liquors a small quantity 
of semicarbaxone (D), m. p. 186°, was isolated. 

Condensation of Citral with B-Methylcrotonaldehyde (Catalyst, Sodamide).—Citral (30 g.) and 
6-methylcrotonaldehyde (32 g.) were condensed together in ether (180 ¢.c,) by means of sodamide 
(2 g.) exactly as described above for crotonaldehyde. After removal of citral the residue on 
distillation (Widmer column) yielded a main fraction as an orange-yellow oil (10 g.), b. p. 110— 
120°/0-06 mm., giving a clear red colour with chloroformic antimony trichloride. Treatment 
with semicarbazide acetate in the usual manner gave a crude product (8-5 g.), which after several 
crystallisations from 80% methyl alcohol gave pure y¢-ionylideneacetaldehyde a semicarbazone, 
m. p. 178—179° (Found: C, 69-6; H, 9-3; N, 15-5. C,.H,,ON, requires C, 69-8; H, 9-2; 
N, 15-3%). Microhydrogenation: 4-30 mg. absorbed 1-8 c.c. at 760 mm. and 0° (solvent, 
decalin), equivalent to 5-02 double bonds (warming to 90° required for completion). 

The original filtrate from which the above semicarbazone had been removed was diluted 
with water until cloudy and set aside at 0° for several days. The separated solid (m. p. 105— 
108°) after three crystallisations from aqueous methyl alcohol gave y-ionylideneacetaldehyde b 
semicarbazone as clusters of prisms, m. p. 112° (Found: C, 70-0; H, 9-4; N, 15-5. C,gH,,ON, 
requires C, 69-8; H, 9:2; N, 15-3%). 

Distillation of the above semicarbazone with steam in the presence of phthalic anhydride 
gave the corresponding aldehydes as pale yellow oils with absorption maxima at 3150 A. (Table I). 
Reduction of citrylidenecrotonaldehyde b and y-ionylideneacetaldehydes a and b with aluminium 
isopropoxide as described above gave the corresponding alcohols as readily autoxidisable oils 
with absorption maxima at 2650, 2650 and 2660 A. respectively. 

Ozonolysis of Citrylidenecrotonaldehyde a and 4-Ionylideneacetaldehyde a.—A solution of citryl- 
idenecrotonaldehyde a (1-2 g., regenerated from the semicarbazone) in glacial acetic acid was 
treated with a slow stream of ozonised oxygen, and the resultant solution diluted with water 
and distilled with steam. Treatment of the distillate with an excess of a solution of 2: 4- 
dinitrophenylhydrazine in 30% sulphuric acid precipitated a yellow solid, which, after 1 hour, 
was filtered off, washed acid-free with water, and purified by solution in warm alcohol and re- 
precipitation with water. One crystallisation from methyl alcohol gave pure acetone-2 : 4- 
dinitrophenylhydrazone, m. p. 126—127°. Yield, 77% of the theoretical, calculated for one 
molecule‘of acetone per molecule of aldehyde.. 
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Treated similarly, y-ionylideneacetaldehyde a gave a 70% yield of acetone-2 : 4-dinitro- 
phenylhydrazone. 

Condensation of Cinnamaldehyde with Acetaldehyde.—Freshly distilled cinnamaldehyde 
(200 g.) was condensed with acetaldehyde (140 g.) in ether (900 c.c.) in presence of sodamide 
(5 g.) exactly as described above. The dark-coloured product was poured into water and ex- 
tracted with ether, and the ethereal solution dried over sodium sulphate. Distillation of the 
residue obtained on removal of solvent gave a main fraction (45 g.), b. p. 140—195°/13 mm., 
which when fractionated through a Widmer column gave cinnamylideneacetaldehyde (21 g.), 
b. p. 95—105°/0-02 mm. The semicarbazone crystallised from ethyl alcohol in leaflets, m. p. 
218—218-5° (lit., 219—221° corr.) (Found: C, 67-0; H, 6-2; N, 19-6. Calc. for C,,H,,ON; : 
C, 67-0; H, 6-1; N, 195%). The absorption maximum at 3390 A. had enay, = 52,460. 

Condensation of Citrylidenecrotonaldehyde a with Acetone.—A solution of the aldehyde (6-7 g., 
regenerated from the semicarbazone) in dry acetone (40 c.c.) was treated at 0° during 20 minutes 
with an alcoholic solution of sodium ethoxide (prepared from 0-6 g. of sodium and 10 c.c. of 
absolute alcohol) with stirring and then, after standing at 0° for 3 hours, with aqueous tartaric 
acid (2g. in 100c.c.). The precipitated oil was extracted with ether, and the ethereal solution 
washed with water and dried over sodium sulphate. After removal of solvent the residue was 
distilled, and a main fraction (5 g.) collected, b. p. 140—145°/1 mm., exhibiting a single absorp- 
tion band at 3580 A. The semicarbazone crystallised from 90% methyl alcohol in leaflets, 
m. p. 171° (Found : C, 71-8; H, 8-9; N, 13-9. C,,sH,,ON; requires C, 71:7; H, 9-0; N, 13-9%). 

A similar condensation of ¥-ionylideneacetaldehyde a gave an oil, b. p. 164°/0-5 mm., the 
semicarbazone of which crystallised from 80% methyl alcohol in needles, m. p. 161° (Found : 
C, 72-4; H, 9-0; N, 13-4. C,,H,,ON, requires C, 72-4; H, 9-3; N, 13-3%). 


The authors express their thanks to Dr. J. B. Polya for carrying out the spectroscopic 
determinations and to the Rockefeller Foundation for a grant in aid of the work covered by this 
and the following papers. 

[Received, August 23rd, 1939.) 
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328. Studies in the Polyene Series. Part II. 
By I. M. Hemrsron, W. E. Jones, and A. SPINKS. 


Whereas y-ionone on cyclisation with concentrated phosphoric acid is known to 
yield almost exclusively «-ionone, y-ionone semicarbazone is now found to give mainly 
the B-isomer. Citrylideneacetaldehyde semicarbazone similarly gives B-cyclocitrylidene- 
acetaldehyde (semicarbazone, m. p. 186—187°). 


HIBBERT and CANNON (J. Amer. Chem. Soc., 1924, 46, 119) have shown that cyclisation of 
y-ionone with syrupy phosphoric acid gives practically pure «-ionone. We have confirmed 
this result and found further that similar treatment of y-ionone semicarbazone gives an 
excellent yield of an ionone shown by spectroscopic comparison with the pure compound 
to consist almost exclusively of the B-isomer. This was confirmed by conversion of the 
ketone into its characteristic semicarbazone and by the formation of geronic acid in high 
yield on ozonolysis. 

This led us to investigate the cyclisation of citrylideneacetaldehyde (I) in the hope of 
obtaining §-cyclocitrylideneacetaldehyde (II). When the crude semicarbazone obtained 


Me, Me 
of CMe, CMe, 
VA 
HC (H-CH:CH-CHO Hy FecHcH-cHO H,(. Y-CHICH-CH:CH-COMe 
H,C CMe H,C Me H,C CMe 
H, H, H, 
(I.) (II.) (III.) 


after cyclisation was distilled with steam in the presence of phthalic anhydride, a volatile 
aldehyde was obtained as a pale yellow oil (A,,,, 2930 A.). This readily formed a sems- 
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carbazone, m. p. 186—187°, which gave a large depression in melting point on admixture 
with the semicarbazone, m. p. 167°, of the acyclic aldehyde. Comparison of the absorption 
spectra (Table I) of B-ionone and the above product leaves little room for doubt that it is 


TABLE I, 
Semicarbazone. 
€max. Amaz. €max. 
OE) DHROIOND ogc cicivevecs its ececvindivetensss cieves conkit 21,800 2995 45,400 
(ii) B-Ionone ...... once dee cee con ececececeses 9,200 2765 23,300 
(iii) Citrylideneacetaldehyde cng annpuneeechpaunastisbh 15,960 3045 47,200 
(iv) B-eyeloCitrylideneacetaldehyde caecee ses cescce 8,000 2950 27,000 
(v) Ketone (III) ........... bedscsedshaceons 8,280 3160 38,000 
QUE) QEOMCMD coc ccccse ces scesccccccevcepces ces coccceseoece 14,300 _— _— 


actually 6-cyclocitrylideneacetaldehyde. The same product was obtained by cyclisation 
of the semicarbazone of a specimen of citrylideneacetaldehyde prepared by distillation of 


Fie. 1. Fie. 2. 
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the barium salt of the corresponding acid with barium formate under reduced pressure 
(J., 1937, 755). 

The presence of the B-ionone ring was established by the fact that both specimens of the 
cyclic aldehyde gave geronic acid on ozonolysis. Von Braun and Kurtz (Ber., 1937, 70, 
1009) claim to have prepared -cyclocitrylideneacetaldehyde by reduction of the phenyl- 
imidochloride of the corresponding acid by means of chromous chloride, but unfortunately 
they were apparently unable to prepare any solid derivatives of the aldehyde, nor do they 
record any spectrographic data. In these circumstances it is impossible to make any 
deductions as to the possible identity of the two products. 

8-cycloCitrylideneacetaldehyde condenses readily with acetone in presence of sodium 
ethoxide, giving the ketone (IIT) (Ang,, 3190 A.), characterised by a semicarbazone, m. p. 
186°. The absorption maximum of the latter is located at 3160 A., compared with 3200 A. 
(approx.) for the semicarbazone of 6-ionylideneacetaldehyde (Kuhn, J., 1938, 613), although 


the extinction coefficient is considerably lower. 
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EXPERIMENTAL. 


Cyclisation of %-Ionone Semicarbazone.—The finely powdered semicarbazone (20 g., m. p. 
142°) was added during $ hour with stirring at room temperature to phosphoric acid (200 c. c., 
d 1-75), stirring being continued for a further hour. The clear solution was poured into water, 
the semi-solid product extracted with ether, solvent removed, and the residue distilled with 
steam in the presence of phthalic anhydride (50 g.). When the distillate was worked up in the 
normal manner, a pale yellow oil (14 g.) was obtained, the molecular extinction of its absorption 
maximum at 2940 A. being 8500 (cf. pure B-ionone, Table I). The corresponding semicarbazone 
had m. p. 148°, in agreement with that given by Kuhn and Morris (Ber., 1937, 70, 856). 

Cyclisation of Citrylideneacetaldehyde Semicarbazone.—The semicarbazone (3-5 g.), cyclised 
as above, gave the cyclic aldehyde as a pale yellow oil (1 g.), readily convertible into its semi- 
carbazone, which separated from methyl alcohol as a pale yellow, microcrystalline solid, m. p. 
186—187° (Found : C, 66-5; H, 8-9; N, 17-8. C,,;H,,ON, requires C, 66-4; H, 8-9; N, 17-9%). 

Ozonolysis of B-cycloCitrylideneacetaldehyde.—A solution of the aldehyde (0-8 g.) in carbon 
tetrachloride (40 c.c.) was treated with ozonised oxygen for 24 hours. The precipitated ozonide 
was dissolved by addition of glacial acetic acid (40 c.c.), and the ozonolysis continued for a 
further 24 hours. The solution was then refluxed with water (300 c.c.) for 1 hour and evaporated 
under reduced pressure toa thick syrup. Water (150 c.c.) was added, and the process repeated, 
the residue being extracted repeatedly with ether. The combined extracts were washed several 
times with small quantities of a saturated solution of sodium bicarbonate, the alkaline washings 
acidified with phosphoric acid, and the product again extracted repeatedly with ether. Removal 
of solvent from the combined extracts gave a viscous oil, which was extracted with hot water, 
and the extract treated with a solution of semicarbazide hydrochloride (1 g.) and sodium acetate 
(2 g.) in water. The solution immediately became cloudy and deposited a solid after standing 
for 24 hours at 0°; repeated crystallisation from ethyl acetate gave geronic acid semicarbazone 
as small needles, m. p. 159—160°, not depressed by an authentic specimen, m. p. 162°. 

Condensation of B-cycloCitrylideneacetaldehyde with A cetone.—The aldehyde (5-5 g., regenerated 
from the semicarbazone) was condensed with acetone (30 c.c.) in presence of alcoholic sodium 
ethoxide (0-7 g. in 10 c.c. of absolute alcohol) exactly as described (preceding paper) for the 
condensation of citrylidenecrotonaldehyde a with acetone. The resulting ketone (2-7 g.) was a 
pale yellow oil, b. p. 140—145°/0-17 mm., exhibiting a rather broad absorption band with its 
head at 3190 A. With chloroformic antimony trichloride the ketone gave a clear red colour with 
an intense absorption band at 5420 A. The semicarbazone crystallised from aqueous methyl 
alcohol in colourless prisms, m. p. 186°, which turned yellow in light (Found: C, 69-9; H, 9-2; 
N, 15-5. C,gH,,ON, requires C, 69-8; H, 9-2; N, 15-3%). 

Cyclisation of 4-Ionone.—When y-ionone was cyclised according to the method of Hibbert 
and Cannon (loc. cit.), the product was practically pure «-ionone, as shown by the absorption 


spectrum: Amex, 2285 A., Emax, 13,500 (cf. Table I). 
One of the authors (A. S.) is indebted to the University of London for a Neil Arnott 
Studentship. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, August 23rd, 1939.] 





329. Studies in the Polyene Series. Part III. 


By J. W. Batry, I. M. Heitsron, and W. E. Jones. 


Cyclisation of the semicarbazone, m. p. 160°, of citrylidenecrotonaldehyde a with 
phosphoric acid by the method described in the preceding paper gives an aldehyde, 
m. p. 60—61°, Amax.3210 A., probably 5 : 5: 9-trimethyl-5 : 6 : 7: 8: 9: 10-hexahydro-1l- 
naphthaldehyde, characterised by a semicarbazone, m. p. 169—171°, Amax.3230 A., and a 
2 : 4-dinitrophenylhydrazone, m. p. 186°. The corresponding alcohol is’ an extremely 
viscous oil exhibiting an absorption maximum at 2680 A. and giving a blue-violet colour 
with chloroformic antimony trichloride. The semicarbazone, m. p. 206°, of citrylidene- 
crotonaldehyde 6 similarly yields an aldehyde, also probably dicyclic, m. p. 56-5— 
60-5°, Amax.2350 A., giving a semicarbazone, m. p. 221—222°, Amex. 2680 A., and a 2: 4- 
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dinitvophenylhydvazone, m. p. 253—254°. The corresponding alcohol shows no selective 


absorption in the ultra-violet region. 
The two isomeric semicarbazones, from the condensation product of citral with 


£-methylcrotonaldehyde (Part I; this vol., p. 1549), behave in exactly the same manner, 
y-Ionylideneacetaldehyde a semicarbazone, m. p. 178—179°, gives an aldehyde, 
Amax.3160 A. (semicarbazone, m. p. 188—189°, Amax.3250 A.), probably 2:5:5:9- 
tetramethyl-5 : 6: 7: 8:9: 10-hexahydro-l-naphthaldehyde. The corresponding 
alcohol (Amax.2720 A.) gives an intense blue colour (Amax, 6070 A.) with chloroformic anti- 
mony trichloride. y-Ionylideneacetaldehyde 6 semicarbazone, m. p. 112°, yields an 
aldehyde, Amaz.2400 A. (semicarbazone, m. p. 214—215°, Amax.2650 A.). 


It has been shown (preceding paper) that cyclisation of citrylideneacetaldehyde semi- 
carbazone with cold concentrated phosphoric acid gives {-cyclocitrylideneacetaldehyde, 
and this reaction has been extended to the acyclic semicarbazones obtained from the 
condensation products of citral with crotonaldehyde and $-methylcrotonaldehyde (see 
Part I, loc. cit.). Cyclisation of the semicarbazone of citrylidenecrotonaldehyde a gave a 
steam-volatile aldehyde, m. p. 60—61°, exhibiting a well-defined absorption maximum at 
3210 A. (Table I) (semicarbazone, m. p. 169—171°, Augx.3230 A. ; 2 : 4-dinitrophenylhydrazone, 
m. p. 186°). Reduction with aluminium isopropoxide gave the corresponding alcohol as a 
viscous oil characterised by a single absorption band at 2680 A. 

Although the above method had proved very effective in the cases of y-ionone and 
citrylideneacetaldehyde, it was clear that in extending its application to citrylidene- 
crotonaldehyde a it was necessary to take into consideration the possibility that the 
cyclisation might take an alternative route owing to the greater chain-length. Thus in 
addition to the desired aldehyde (II; R = H), (III; R = H) and (IV; R = H) could also 
theoretically be formed. Of these, (III; R =H) was immediately disposed of, since 
ozonolysis failed to give acetone. Regarding (II; R = H) and (IV; R = H), nodistinction 
could be made between them on spectrographic grounds, since two conjugated double 
bonds in a six-membered ring are spectroscopically equivalent to three in a chain (cf. 
Batty e¢ al., J., 1937, 758; Fieser and Campbell, J. Amer. Chem. Soc., 1938, 60, 159). 

Ozonolysis of the aldehyde gave a keto-dicarboxylic acid, C,,.H,,0;, isolated as its 
semicarbazone, m. p. 163°. The failure to obtain geronic acid definitely eliminates (II; 
R = H) and therefore the above result indicates a structure of type (IV; R =H). Con- 
clusive proof of the dicyclic nature of the aldehyde was supplied by quantitative micro- 
hydrogenation of the semicarbazone, which indicated three double bonds in contrast to 
the five found for the corresponding acyclic compound (J., 1937, 755). 
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Cyclisation of -Ionylideneacetaldehyde a Semicarbazone.—The aldehyde obtained on 
cyclisation as above was a pale yellow oil (A,,,,3160 A.) which could not be induced to 
crystallise (semicarbazone, m. p. 188—189°, Anas. 3250 A.). Quantitative microhydrogenation 
of the semicarbazone established its dicyclic nature, this being confirmed by the fact that 
neither acetone nor geronic acid could be detected on ozonolysis. Reduction of the alde- 
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hyde with aluminium isopropoxide yielded the corresponding alcohol as a viscous oil 
giving an intense blue colour with chloroformic antimony trichloride (A,,,, 6070 A.). From 
the close similarity to the product obtained by cyclisation of citrylidenecrotonaldehyde a, 
the aldehyde would appear to be most probably 2 : 5 : 5 : 9-tetramethyl-5 : 6: 7: 8:9: 10- 
hexahydro-l-naphthaldehyde (IV; R = Me). 

Cyclisation of Citrylidenecrotonaldehyde b Semicarbazone.—The aldehyde obtained on 
cyclisation as described above crystallised in prisms, m. p. 56-5—60-5°, and was charac- 
terised by a semicarbazone, m. p. 221—222°, and a 2: 4-dinitrophenylhydrazone, m. p. 
253—254°. In contrast to the products obtained by cyclisation of the semicarbazones of 
citrylidenecrotonaldehyde a and y-ionylideneacetaldehyde a, the absorption maxima of 
the aldehyde (2350 A.) and its semicarbazone (2680 A.) establish that the former contains 
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only one double bond in conjugation with the carbonyl group. This was confirmed by the 
fact that the alcohol obtained on reduction with aluminium isopropoxide showed only 
general absorption in the ultra-violet region. Quantitative microhydrogenation of. the 
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semicarbazone showed the presence of three ethylenic linkages, from which it follows, on 
the grounds stated above, that the aldehyde must be dicyclic and possibly (V; R = H). 
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Cyclisation of -Ionylideneacetaldehyde b Semicarbazone.—The results obtained on 
cyclisation of this semicarbazone are exactly analogous to those with citrylidenecrotonalde- 
hyde b semicarbazone, the product being an aldehyde characterised by an absorption 
maximum at 2400 A. (semicarbazone, m. p. 214—215°) and probably possessing the structure 
(V; R = Me). 

TABLE I. 
Semicarbazone. 


Compound. Amen. A. €inax. Anon, A. €maz. 
(i) Citrylidenecrotonaldehyde @ .............2++0+ 3140 12,490 3255 27,100 
(ii) Dicyclic aldehyde from (i)  .............0000 3210 13,260 3230 28,000 
(iii) Citrylidenecrotonaldehyde b ............++0+0+ 3160 12,800 3255 24,400 
(iv) Dicyclic aldehyde from (iii) ...............00. 2350 14,000 2680 33,300 
(v) #-Ionylideneacetaldehyde @ ...........000000s 3150 14,700 3250 33,000 
(vi) Dicyclic aldehyde from (v)_ ...........ss0e00 3160 10,900 3250 24,000 
(vii) %-Ionylideneacetaldehyde b .............00008 3150 11,000 3240 24,400 
(viii) Dicyclic aldehyde from (vii) ..............++++ 2400 8,000 2670 27,500 
(ix) Alcohol corresponding tO (i) ........seese0 2680 12,000 
(x) Brn 2680 10,000 
i dowesvedeaedabe 2650 11,000 


snacteae 2720 9,000 
Solvent, alcohol. 


The above results would appear to indicate that citrylidenecrotonaldehyde a is derived 
from the trans-form of citral (7.e., citral a or geranial), whereas aldehyde b, which yields 
(V), is related to the cis-isomer (citral 6 or neral). This suggestion finds support in the 
fact that the ratio of the two isomers formed in the condensation by the neutral piperidine— 
acetic acid catalyst isa: b = 5: 1 (J., 1937, 755), which is in agreement with the observation 
of Tiemann and Kerschbaum (Ber., 1900, 33, 877) that commercial citral consists largely 
of the trans-form. Further, the absence of citrylidenecrotonaldehyde 5 when the mild 
conditions of the sodamide condensation are used (Part I, loc. cit.) is exactly analogous to 
the finding of Tiemann and Kerschbaum that citral a condenses with cyanoacetic acid in 
dilute alkali solution much more readily than citral }. 


EXPERIMENTAL. 


Cyclisation of Citrylidenecrotonaldehyde a Semicarbazone.—The semicarbazone (10 g.) was 
added during } hour to phosphoric acid (100 c.c., d 1-75) with stirring at room temperature; 
it dissolved after 1 hour and the solution was then poured into ice-water. The crude product 
was distilled with steam in the presence of phthalic anhydride (25 g.) in a current of nitrogen, 
the volatile product crystallising in the distillate. Ether extraction and working up in the 
normal manner gave the cyclic aldehyde (5-1 g.), which crystallised from light petroleum in 
rhombic plates, m. p. 60—61° (Found : C, 82:3; H, 9-9. C,,H,,O requires C, 82-4; H, 9-9%). 
The semicarbazone separated from methy] alcohol in needles, m. p. 114°, containing one molecule 
of methyl alcohol of crystallisation (Found: C, 65-5; H, 9-3. C,,H,,ON;,CH,-OH requires 
C, 65-5; H, 9-3%). Recrystallisation from ether—light petroleum gave pale yellow micro- 
needles, m. p. 169—171° (Found: C, 68-9; H, 8-7; N, 16-0. C,,H,,ON, requires C, 69-0; 
H, 8-8; N, 16-1%). The 2: 4-dinitrophenylhydrazone, prepared by heating the aldehyde with 
the reagent in 95% acetic acid, crystallised from alcohol—-ethyl acetate in red needles, m. p. 
186° (Found: C, 62-2; H, 6-3; N, 14-4. C,.H,,0O,N, requires C, 62-5; H, 6-3; N, 146%). 

Reduction of Cyclised Citrylidenecrotonaldehyde a.—The above aldehyde (3 g.) and aluminium 
isopropoxide (10 g.) were dissolved in dry isopropyl alcohol (50 c.c.) and heated at 110—120°, 
the solvent being distilled slowly and fresh isopropyl alcohol being added at such a rate as to 
keep the volume approximately constant. When acetone was no longer detectable in the dis- 
tillate, the residue was dissolved in ether and washed successively with dilute sulphuric acid, 
sodium bicarbonate solution, and water. After drying over sodium sulphate and removal of 
solvent the crude alcohol was refluxed for 1 hour with Girard reagent P (2-5 g.) and glacial 
acetic acid (2-5 g.) in absolute alcohol (25 c.c.). The solution was cooled, diluted with water, 
and extracted with ether after neutralisation of 90% of the acetic acid with sodium bicarbonate. 
The residue obtained on removal of solvent from the ethereal solution was distilled in steam, 
yielding the alcohol (2 g.) as a pale yellow, viscous oil giving a blue-violet colour with chloro- 
formic antimony trichloride, with absorption bands at 6410, 5800 and 5030 A. (Found: C, 
81:7; H, 10-5. C,,H,,O requires C, 81-5; H, 10-7%). Quantitative microhydrogenation : 
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9-912 mg. absorbed 3-969 c.c. at 755 mm. and 18° (solvent, acetic acid) equivalent to three 
double bonds. This apparently anomalous result is explained by the fact that the hydro- 
genation product is not the anticipated saturated alcohol but the corresponding hydrocarbon, 
as shown by the fact that no aldeliyde was produced on oxidation with chromic acid (cf. the 
hydrogenation of farnesol to farnesane: Fischer, Annalen, 1928, 464, 88). 

Ozonolysis of Cyclised Citrylidenecrotonaldehyde a.—A solution of the aldehyde (3 g.) in dry 
carbon tetrachloride (35 c.c.) was treated at 0° with a slow stream of ozonised oxygen for 18 
hours and after addition of glacial acetic acid (150 c.c.) the ozonolysis was continued for a further 
6 hours. Water (150 c.c.) was then added and, after 24 hours’ standing at room temperature, 
decomposition of the ozonide was completed by refluxing for 3 hours. The material obtained 
on evaporation to dryness was dissolved in ether, and the acid products extracted by washing 
with dilute sodium bicarbonate solution. The alkaline extract was acidified with dilute sulphuric 
acid and extracted with ether; after removal of solvent the resultant acid was dissolved in warm 
water (15 c.c.) and filtered. The semicarbazone was prepared by addition of a solution of 
semicarbazide hydrochloride (1-5 g.) and potassium acetate (1-5 g.) in water (5 c.c.) to the above 
filtrate, the oil which immediately separated solidifying at 0° after 24 hours. Crystallisation 
from ethyl acetate gave the semicarbazone as colourless micro-needles, m. p. 163°, which on 
admixture with geronic acid semicarbazone, m. p. 164°, showed a depression of more than 20° 
(Found : C, 51-6; H, 6-6; N, 13-7. C,,;H,,0,N, requires C, 52-2; H, 7-0; N, 140%). Ozono- 
lysis as above for only 6 hours gave an identical product. 

Cyclisation of 4-Ionylideneacetaldehyde a Semicarbazone.—The semicarbazone (4 g.), cyclised 
as described above for citrylidenecrotonaldehyde, gave the cyclic aldehyde as a pale yellow 
oil {3 g.). The semicarbazone crystallised. from methyl alcohol in needles, m. p. 189° (Found : 
C, 70-0; H, 8-7; N, 14-9. C,,H,,ON, requires C, 69-8; H, 9-2; N, 15-3%). Quantitative 
microhydrogenation : 2-05 mg. absorbed 0-50 c.c. at 760 mm. and 0°, equivalent to three double 
bonds. No geronic acid was obtained on ozonolysis of the aldehyde. Reduction of the aldehyde 
with aluminium isopropoxide as described above yielded the alcohol as a pale yellow oil, 
Amax.2720 A. 

Cyclisation of Citrylidenecrotonaldehyde b Semicarbazone.—Cyclisation as above gave a 
solid aldehyde, which crystallised from light petroleum in prisms, m. p. 56-5—60-5° (Found : 
C, 82-3; H, 9-5. C,,H,O requires C, 82-4; H, 98%). The semicarbazone separated from 
methyl alcohol as a micro-crystalline solid, m. p. 221—222° (Found : C, 69-0; H, 9-0; N, 15-8. 
C,;H,,;ON, requires C, 69-0; H, 8-8; N, 16-11%). The 2: 4-dinitrophenylhydrazone crystallised 
from acetic acid in red needles, m. p. 253—254° (Found: N, 14-8. C,,.H,,O,N, requires N, 
146%). Reduction of the aldehyde with aluminium isopropoxide gave the alcohol as a pale 
yellow oil showing no selective absorption in the ultra-violet (Found: C, 81-3; H, 11-0. 
C,,H,,0 requires C, 81-5; H, 10-7%). Quantitative microhydrogenation : 4-501 mg. absorbed 
1-50 c.c. at 757 mm. and 17-5°, equivalent to three double bonds. As with the alcohol from the 
cyclisation product of citrylidenecrotonaldehyde a, reduction gave the saturated hydrocarbon 
and not the anticipated alcohol. 

Cyclisation of %-Ionylideneacetaldehyde b Semicarbazone.—The cyclic aldehyde, obtained in 
the usual manner, was a pale yellow oil; its semicarbazone crystallised from methyl alcohol in 
flat needles, m. p. 214—215° (Found: C, 69-8; H, 9-1; N, 15-3. C,,H,,;ON, requires C, 69-8; 
H, 9-2; N, 15-3%). Quantitative microhydrogenation: 2-24 mg. absorbed 0-5615 c.c. at 
762 mm. and 19°, equivalent to three double bonds. 


Tue UNIVERSITY, MANCHESTER. [Received, August 23rd, 1939.] 





330. Studies in the Polyene Series. Part IV. 
By I. M. Herisron, A. W. Jonnson, and W. E. JONEs. 


Oxidation of vitamin-A with aluminium isopropoxide in presence of acetone gives 
the same C,, ketone (axerophthylideneacetone) as is obtained by using aluminium ¢ert.- 
butoxide, and reduction of the ketone with aluminium isopropoxide in isopropyl 
alcohol gives the corresponding secondary alcohol, Amy, 3545 A. Ozonolysis of both 
the alcohol and the ketone gives geronic acid, thus confirming the presence of the 
B-ionone ring. Oxidation of cinnamyl alcohol with aluminium ‘¢ert.-butoxide in 
presence of diisopropyl ketone gives'a 5% yield of cinnamaldehyde, whereas with 
diethyl ketone a 35% yield ‘of ARTO dns gene bl ketone, m. p. 63° cain 4-dinitro- 


phenylhydrazone, m. p. 232°), is obtained. 
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Ir has already been established (J., 1938, 175) that oxidation of vitamin-A with aluminium 
tert.-butoxide in presence of acetone gives the ketone (I), which we propose to call 
axerophthylideneacetone in conformity with the name axerophthol suggested for vitamin-A 
by Karrer (cf. v. Euler, Karrer, and Solmssen, Helv. Chim. Acta, 1938, 21, 212). Karrer, 
Riiegger, and Geiger (ibid., p. 1171) have shown that the secondary alcohol (III), obtained 
from $-apo-2-carotenal (II) by reaction with ethylmagnesium bromide, and f-apo-2- 
carotenol, prepared by reduction of (II) with aluminium isopropoxide, exhibit practically 
identical absorption spectra. From this they conclude that the location of the absorption 
maximum of the secondary alcohol corresponding to (I) should be the same as that of 
vitamin-A, if the structure (IV) suggested for the latter by Gillam, Heilbron, Jones, and 
Lederer (Biochem. J., 1938, 32, 45) be correct. Although Karrer, Riiegger, and Geiger 
(loc. cit.) were unable to isolate the pure carbinol from the product obtained by reduction 
of (I) with aluminium isopropoxide, we have encountered no difficulty in this respect, 
the alcohol being a viscous oil with an absorption maximum at 3545 A., a position in 
good agreement with that predicted by the above investigators (3560—3580 A.). Although 
these authors point out that the wave-length of the absorption band of vitamin-A, (ca. 
3500 A.) is somewhat shorter than would be expected, it must be emphasised that the 
compound has hitherto always been accompanied by a considerable proportion of the 
ordinary vitamin-A and until the two are effectively separated the location of the maximum 
must be somewhat approximate. Even so, it will be observed from the above that the 
displacement compared with the alcohol corresponding to (I) is only about 45 A. A 
further point of similarity between the two compounds is that both give a greenish-blue 
colour with chloroformic antimony trichloride, although the maximum in the case of the 
secondary alcohol is displaced to 7120 A. compared with 6930 A. for vitamin-A,; our 
knowledge of this colour reaction, however, is at present insufficient to state whether any 
significance can be attached to this difference. 
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The above reduction of axerophthylideneacetone has been repeated several times and 
on only one occasion have we failed to obtain the corresponding alcohol. The product 
in this case exhibited the typical carotenoid triplet (see Figure) with maxima at 3700, 
3900, and 4110 A., which would appear to indicate that it is the hydrocarbon (V) (cf. 
the symmetrical polyene hydrocarbons; Kuhn and Grundmann, Ber., 1938, 71, 442). 
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If this is the correct explanation, the extent to which dehydration occurs will probably 
depend on the concentration of the aluminium isopropoxide and the time of reaction. 

We have now found that axerophthylideneacetone is readily obtained by oxidation 
of vitamin-A with aluminium isopropoxide instead of the ¢ert.-butoxide. A possible ex- 
planation of this reaction is that isopropyl alcohol and the aluminium salt of vitamin-A 
are formed by double decomposition, the latter then reacting with the acetone as in the 
normal Pondorff reaction. 

Ozonolysis of both axerophthylideneacetone and the corresponding secondary alcohol 
gives geronic acid, but negative results have again been obtained with the product formed 
by oxidation of vitamin-A in presence of diethyl ketone (Haworth, Heilbron, Jones, 
Morrison, and Polya, this vol., p. 128) and also with the corresponding alcohol. From 
these results it seems quite definite that the 6-ionone ring is not present in the latter 
compounds, and although little progress has so far been made towards elucidating their 
structures, parallel investigations with simpler alcohols have given interesting results. 
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Oxidation of cinnamy] alcohol with aluminium ¢ert.-butoxide and diethyl ketone gives 
a 35% yield of «-cinnamylidenediethyl ketone (V1), m. p. 63° (2 : 4-dinitrophenylhydrazone, 
m. p. 232°), benzyl and furfuryl alcohol similarly yield «-benzylidenediethyl ketone (semi- 
carbazone, m. p. 187°) and «-furfurylidenediethyl ketone, b. p. 135—140°/21 mm. (semi- 
carbazone, m. p. 181°; 2: 4-dinitrophenylhydrazone, m. p. 188°) respectively, from which 
it is evident that condensation of aldehydes with diethyl ketone under these conditions 
proceeds more readily than was originally believed (Haworth, Heilbron, Jones, Morrison, 
and Polya, loc. cit.). Geraniol, on the other hand, gives mainly high-boiling products, in 
agreement with the observation that citral, when refluxed alone with aluminium #e7t.- 
butoxide in benzene, is quantitatively converted into a mixture of unidentified high- 
boiling substances. Oxidation of cinnamyl alcohol with aluminium ¢ert.-butoxide in 
presence of diisopropyl ketone gives a 5% yield of cinnamaldehyde. 
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EXPERIMENTAL. 


Reduction of Axerophthylideneacetone.—The ketone (2 g., E}%, 4010 A. = 1150) was dis- 
solved together with freshly prepared aluminium isopropoxide (2. g) in isopropyl] alcohol (50 c.c.), 
and the solvent slowly distilled, fresh isopropyl alcohol being added at such a rate as to main- 
tain the bulk of the solution approximately constant. When acetone could no longer be 
detected in the distillate the major portion of the solvent was distilled, and the residue diluted 
with light petroleum. After aluminium salts had been removed with 2n-phosphoric acid, 
the solution was washed with water and dried over sodium sulphate, and the solvent removed, 
giving an extremely viscous, orange oil exhibiting a well-defined absorption maximum at 
3545 A. (E}%, = 1260) [Found: active hydrogen atom, 0-85 (Zerewitinov)]. With chloro- 
formic antimony trichloride the alcohol gave an intense greenish-blue colour with a strong 
absorption band at 7120 A. 

Ozonolysis of Axevophthylideneacetone.—A solution of the ketone (2 g.) in dry carbon tetra- 
chloride (40 c.c.) was treated with a slow stream of ozonised oxygen for 24 hours; the pre- 
cipitated ozonide was dissolved by addition of glacial acetic acid (40 c.c.), and the ozonolysis 
continued for a further 24 hours. Water (250 c.c.) was then added and after refluxing for 
1 hour the mixture was evaporated to a syrupy consistency, water (150 c.c.) again added, and 
the process repeated. The residue was extracted repeatedly with ether, and the ethereal 
solution thoroughly extracted with small portions of a concentrated solution of sodium bi- 
carbonate. The combined aqueous extracts were acidified with phosphoric acid, and the 
solution repeatedly extracted with ether; evaporation of the solution gave the crude acid as a 
viscous oil, which was extracted with hot water (5 c.c.), and the filtered extract treated with 
a solution of semicarbazide hydrochloride (0-5 g.) and sodium acetate (1 g.) in water (3 c.c.). 
The oil which immediately separated, rapidly solidified and after standing at 0° for 24 hours 
the solid was collected and crystallised first from alcohol and finally from ethyl acetate, giving 
geronic acid semicarbazone as fine needles, m. p. 163° alone or mixed with an authentic speci- 
men. Ozonolysis of the corresponding alcohol in the same manner also gave geronic acid. 

Oxidation of Vitamin-A with Aluminium isoPropoxide.—A solution of vitamin-A (10 g., 
E}% = 1580) and aluminium isopropoxide (10 g.) in a mixture of benzene (250 c.c.) and acetone 
(100 c.c.) was refluxed for 48 hours and then worked up in the usual manner (Batty, Burawoy, 
Harper, Heilbron, and Jones, J., 1938, 178). The product (7-7 g., E}%, 4010 A. = 1300) was 
identified as axerophthylideneacetone by formation of the characteristic p-tolylsemicarbazone, 
m. p. 219°. 

Oxidation of Cinnamyl Alcohol.—(a) Diisopropyl ketone. Cinnamyl alcohol (20 g.) was 
oxidised with aluminium #ert.-butoxide (22 g.) in a mixture of benzene (600 c.c.) and ditsopropyl 
ketone (40 g.) for 48 hours by the standard procedure. The product (1-1 g.), isolated by means 
of the Girard reagent P, was identified as cixnamaldehyde by conversion into its 2 : 4-dinitro- 
phenylhydrazone, crystallising from ethyl acetate in deep red neetiles, m. p. 248° (compare 
Brady, J., 1931, 756). 

(b) Diethyl ketone. Repetition of the above oxidation, diethyl ketone (40 g.) being used 
instead of diisopropyl ketone, gave the ketone (VI) (10 g.), crystallising from ligroin in pale 
yellow plates, m. p. 63° (Found: C, 84-0; H, 8-2. C,,H,,O requires C, 84:0; H, 8-0%). The 
ketone exhibited a well-defined absorption maximum at 3220 A. (€max, = 33,400) and readily 
formed a 2: 4-dinitrvophenylhydrazone crystallising from acetic acid in reddish-violet needles, 
m. p. 232° (Found : C, 63-3; H, 5-1; N, 14:8. C,9H,,0O,N, requires C, 63-2; H, 5-3; N, 14-7%). 

a-Benzylidenediethyl Ketone.—Benzyl alcohol (10 g.) was oxidised with alumnium ¢ert.- 
butoxide (12 g.) in a mixture of benzene (300 c.c.) and diethyl ketone (30 g.) for 48 hours at 
90—95°. Distillation of the crude product gave a fraction (6 g.), b. p. 160°/20 mm. (Anax, 2730 A., 
Emax. = 25,000), yielding a semicarbazone crystallising from methyl alcohol in needles, m. p. 187° 
(Vorlander, Annalen, 1897, 294, 296, gives m. p. 188°) (Found: C, 67-4; H, 7:3; N, 18-0. 
Calc. for C,;H,,ON,: C, 67-5; H, 7-4; N, 182%). 

a-Furfurylidenediethyl Ketone.—Furfuryl alcohol (10 g.), oxidised as above, gave a pale 
yellow oil (6.6. g.), b. p. 1835—140°/21 mm., yielding the semicarbazone of a-furfurylidenediethyl 
ketone, crystallising from methyl alcohol in needles, m. p. 181° (Amex, 3160 A., Emax, = 74,000) 
(Found: C, 59-8; H, 6-5. C,,H,,O,N, requires C, 59:7; H, 68%). The 2: 4-dinitrophenyl- 
hydrazone crystallised from acetic acid in reddish-violet needles, m. p. 188° (Found: C, 56-0; 
H, 4:6; N, 16-3. C,,H,,O,;N, requires C, 55-8; H, 4:7; N, 163%). 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, August 23rd, 1939.] 
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331. New Syntheses of Basic Amino-acids and Glycine. 
By DonaLp W. ADAMSON. 


When a-amino-dicarboxylic acids were submitted to the Schmidt hydrazoic acid 
reaction, the carboxyl group remote from the a-amino-group was replaced by an 
amino-group. Thus, d-glutamic, a-aminoadipic and a-aminopimelic acids furnished 
d-wy-diamino-n-butyric acid, dl-ornithine and di-lysine respectively, in good yield. A 
convenient method for the isolation of basic amino-acids as their dipicrates is described. 

The synthesis of di-lysine in 60% yield directly from ethyl cyclohexanone-2-carb- 
oxylate and two molecules of hydrazoic acid has been realised. dl-Ornithine (40% 
yield) was produced by similar treatment of ethyl cyclopentanone-2-carboxylate. 

Malonic acid, recorded in the literature as being inert towards hydrazoic acid, 
reacted with this reagent under suitable conditions, and glycine was isolated. It is 
suggested that this reaction provides a new general method for the synthesis of «-amino- 


acids. 


LysINE occurs fairly abundantly in the hydrolysis products of many proteins, but is not 
readily accessible owing to the tedious and expensive procedure necessary for its isolation, 
The synthetic methods of Fischer and Weigert (Ber., 1902, 35, 3772), Sérensen (Chem. 
Zenitr., 1903, ii, 33), v. Braun (Ber., 1909, 42, 839), and Sugasawa (J. Pharm. Soc. Japan, 
1927, 1044) do not give satisfactory yields and in general are too complex to be regarded as 
practical methods for the preparation of the d/-amino-acid. . The synthesis in six steps 
from cyclohexanone (Eck and Marvel, J. Biol. Chem., 1934, 106, 387) was more satisfactory 
in respect of yield (23%), but entailed laborious preparative work. The existing methods 
for the production of ornithine (I, x = 3) are equally unsatisfactory. Its preparation from 
arginine is expensive, and poor yields are obtained by the existing synthetic methods, 
which involve numerous intermediate stages (Fischer, Ber., 1901, 34, 454; Sdrensen, Chem. 
Zentr., 1903, ii, 35; Fischer and Zemplén, Ber., 1909, 42, 1022; I. G. Farbenind. A.-G., 
D.R-P., 1937, 650,999 and 652,550). 

The facility with which carboxylic acids are converted into amines by the Schmidt 
method, employing hydrazoic acid (Schmidt, D.R-P. 500,435, 544,890; E.P. 307,798; 
F.P. 671,388; v. Braun and co-workers, Annalen, 1931, 490, 125; Ber., 1931, 64, 2866; 
1933, 66, 684; 1934, 67,225; Adamson and Kenner, J., 1934, 842), and the known stability 
of amino-monocarboxylic acids towards such treatment (Oesterlin, Z. angew. Chem., 
1932, 45, 536) suggested a shorter path to the preparation of the basic amino-acids. It was 
considered that in the case of amino-dicarboxylic acids, the protective effect of the «-amino- 
group would be confined to the proximate carboxyl group, and reaction between the second 
carboxyl group and hydrazoic acid would not be inhibited. 

d-Glutamic acid, suspended in sulphuric acid, reacted with hydrazoic acid in chloroform 
(or with sodium azide) and d-«y-diamino-n-butyric acid (I, x = 2) was isolated in 42% 
yield. The advantages of this direct synthesis are apparent when compared with the 
existing methods, by which yields of less than 20% are obtained after several intermediate 
reactions (Karrer, Escher, and Widmer, Helv. Chim. Acta, 1926, 9, 301; Akabori and 
Numano, Bull. Chem. Soc. Japan, 1936, 11, 214). As expected, the process was more 
efficient in the case of the higher homologues of glutamic acid, «-aminoadipic and «-amino- 
pimelic acids furnishing dl-ornithine and di-lysine in 75% and 74% yields respectively. 
The properties of the several derivatives prepared from each product corresponded closely 
to those recorded in the literature. 


HO,C-[CH,],-CH(NH,)-CO,H —> H,N-[CH,],"CH(NH,)*CO,H (1) 


In the preliminary experiments, isolation of the products was effected by the phospho- 
tungstic acid method, as used for the separation of lysine from protein hydrolysates (Kossel 
and Patten, Z. physiol. Chem., 1903, 38, 39; Vickery and Leavenworth, J. Biol. Chem., 
1928, 79, 377); later, this tedious and expensive stage was eliminated by taking advantage 
of the ready formation of the amino-acid dipicrates. d-a«y-Diamino-n-butyric acid in 
neutral or weakly acidic solution is precipitated as the dipicrate, m. p. 180—181°, when 
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mixed with excess of aqueous picric acid. dl-Lysine dipicrate, which is precipitated 
quantitatively under the same conditions, may be recrystallised without loss, and in 
comparison with the monopicrate has a definite m. p. (188—190°) and is insoluble in excess 
of aqueous picric acid. The conversion of the dipicrates into the dihydrochlorides is readily 
accomplished. 

It is known (Schmidt, Ber., 1924, 57, 704; 1925, 58, 2413; E.P. 252,460; D.R.-P. 
455,585) that cyclic ketones suffer ring enlargement when treated with hydrazoic acid in 
the presence of a suitable catalyst, and the resulting lactam may be isolated in good yield. 
A direct synthesis of the basic amino-acid from the appropriate cycloketone-2-carboxylic 
acid ester has been effected by combining this ketonic reaction with that of the «-amino- 
dicarboxylic acids, described above. According to Schmidt (loc. cit.), when dry hydrogen 
chloride is passed into a solution of ethyl cyclohexanone-2-carboxylate and hydrazoic acid 
in benzene, and the product hydrolysed, «-aminopimelic acid hydrochloride is obtained. 
Not only this product, but di-lysine was isolated in 25% yield (as dipicrate) when Schmidt’s 
experiment was repeated. Since lysine was absent from the product when concentrated 
sulphuric acid was used as catalyst, it is evident that the presence of a trace of water is 
necessary to effect hydrolysis of the lactam, prior to attack by a second molecule of 
hydrazoic acid. 








CH, -H,C— = CH,—CO,H > 
fi, Yo >| CH, WH. = Ca, ee NwH NH, 
CH CH-CO,Et ~~ CO,Et Cie H scgineanens 3! 

i, | Ni, ft, \co,H | O,H 


The yield of di-lysine was increased to 60% by submitting the product, resulting from 
the initial hydrogen chloride treatment, to further action of hydrazoic acid under the 
catalytic influence of concentrated sulphuric acid. 

dl-Ornithine was obtained in 40% yield when the method was applied to ethyl cyclo- 
pentanone-2-carboxylate. The decrease in yield on passing from the cyclohexanone to the 
cyclopentanone derivative, which may be attributed to a greater resistance to ring enlarge- 
ment, is also experienced in the analogous reaction between cyclic ketones and diazo- 
hydrocarbons (Adamson and Kenner, this vol., p. 183). 

Glycine from Malonic Acid.—The protective effect of an amino-group exerted on a 
carboxyl group in the same molecule may be expected to increase as the two groups are 
brought together. Thus, adipic acid is converted into tetramethylenediamine by hydrazoic 
acid to an extent of 83% (Schmidt, Joc. cit.), but succinic acid yields only 8% of ethylene- 
diamine (Oesterlin, Joc. cit.). It seemed likely, therefore, that reaction with malonic or 
substituted malonic acids would cease when only one of the carboxyl groups had been 
replaced by the amino-group. Contrary to the experience of Oesterlin (loc. cit.), who 
reported that malonic acid was inert towards hydrazoic acid, reaction occurred slowly 
(more rapidly on raising the temperature) and glycine was identified as a product. It is 
suggested that this reaction may be extended to derivatives of malonic acid, thus providing 
a new facile method for the synthesis of «-amino-acids. Investigations on these lines are 
being actively pursued. 


EXPERIMENTAL. 


The solutions of hydrazoic acid in chloroform, prepared from sodium azide and sulphuric 
acid (v. Braun, loc. cit.), were partly dried by standing with anhydrous sodium sulphate for a 
short time. 

d-ay-Diamino-n-butyric Acid.—(i) Hydrazoic acid (4-8 g.; 1-15 mols.) in chloroform (48 c.c.) 
was added in portions during 6 hours to d-glutamic acid (14-7 g.), concentrated sulphuric acid 
(25 c.c.), and chloroform (10 c.c.) stirred at 43—46° ; approximately 1 mol. of nitrogen was then 
evolved. Stirring was continued for 4 hours, the product poured on ice, and the aqueous layer 
diluted (700 c.c.) and treated with 30% aqueous phosphotungstic acid until precipitation was 
complete. After standing overnight, the white precipitate was washed with 5% sulphuric acid, 
dissolved in 50% aqueous acetone (500 c.c.), and decomposed by excess of baryta. Barium phos- 
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photungstate was filtered off, washed with dilute baryta solution, and barium removed from the 
filtrate and washings by carbon dioxide. The solution was evaporated to a small bulk at 50°, 
filtered to remove barium carbonate, and concentrated further (15 c.c.). Saturated.oxalic acid 
was added until the solution was weakly acidic, followed by alcohol until there was no further 
precipitate on stirring. The neutral oxalate (7-7 g.; 41% yield), m. p. 211—215° (decomp.), 
which crystallised almost quantitatively from aqueous alcohol in clusters of white needles, m. p. 
216° (decomp.), had [a]}® + 8-3° (c, 3-98, anhydrous salt in water) (Found in material dried at 
110°/12 mm.: C, 36-8; H, 6-8; N, 16-8. Calc. for 2C,H,,0O,N,,C,H,O,: C, 36-8; H, 6-8; 
N, 17:2%. Found: loss of weight on drying, 14-2. Calc. for 2C,H,,O,N,,C,H,O,,3H,O : 
H,O, 14:2%). Karrer, Escher, and Widmer (Joc. cit.) record m. p. 205° (decomp.), [a]}®° + 7-8° 
(c, 1-154) for their product, which was anhydrous when crystallised from aqueous alcohol. 

(ii) Sodium azide (4 g.; 1-25 mols.) was added in small portions to d-glutamic acid (7-35 g.), 
concentrated sulphuric acid (25 c.c.), and chloroform (15 c.c.) stirred at 45—50°. When evolu- 
tion of nitrogen had ceased (3 hours), the product was poured on ice, and the neutral oxalate 
(3-2 g.; 33% yield) isolated from the aqueous extract as described above. 

d-«y-Diamino-n-butyric acid dipicrate. The oxalate (0-88 g.) in water (10 c.c.) and picric acid 
(2-4 g.) in water (175 c.c.) were mixed; after 24 hours, the long yellow needles (2-45 g.; 93% 
yield) were recrystallised from hot water, m. p. 180—181° (Found: C, 33-6; H, 3-0; N, 19-6. 
C,H,,0,N,,2C,H,O,N, requires C, 33-3; H, 2-8; N, 19-5%). 

(iii) The aqueous extract (200 c.c.) obtained from the reaction product by pouring on ice 
as in expt. (i) was treated with hot saturated baryta until only weakly acidic to Congo-red. 
After removal of barium sulphate by centrifugation, picric acid (30 g.) in hot water (700 c.c.) 
was added and 36 hours later the dipicrate, m. p. 178—180°, which had separated (24 g.; 42% 
yield) was dissolved in hot water (250 c.c.) and concentrated hydrochloric acid (100 c.c.) added. 
After cooling and removal of picric acid the filtrate was extracted with ether and evaporated 
to dryness on the steam-bath. The residual crystals of the dihydrochloride were ground with 
absolute ethyl alcohol, filtered off, and dried ina vacuum. Yield, 7-5 g. (39%); m. p. 195— 
196° (decomp.), [a]}® + 14-6° (c, 3-67 in water) (Found: N, 14-6; Cl, 37-2. C,H,,O,N,,2HCl 
requires N, 14-7; Cl, 37-2%). 

Similar results were obtained when the preparation was conducted on a larger scale 
(1 g.-mol.). 

dl-Lysine.—(a) From a-aminopimelic acid. (i) Hydrazoic acid (0-58 g.; 1-2 mols.) in chloro- 
form (6 c.c.) was added gradually to a solution of «-aminopimelic acid (Dieckmann, Ber., 1900, 
83, 597; Wolff, Annalen, 1890, 260, 119) (2-0 g.) in sulphuric acid (9 c.c.) and chloroform (5 c.c.) 
stirred at 42—43°. After 3 hours, when evolution of nitrogen had ceased, the product was 
poured on ice, and the aqueous layer diluted, until the concentration of sulphuric acid was 
5%, and treated with excess of 30% aqueous phosphotungstic acid. The precipitate supplied 
a solution of the amino-acid carbonate by the usual procedure of solution in 50% aqueous 
acetone, decomposition by baryta, removal of barium by carbon dioxide, and evaporation 
(compare Kossel and Patten, loc. cit.; Vickery and Leavenworth, loc. cit.). The final concen- 
trate, which was free from barium, was divided into two parts. One part was evaporated to a 
thin syrup, alcoholic picric acid added, and the monopicrate (1-4 g.; 66% yield) collected and 
recrystallised from hot water. In agreement with previous observations (e.g., Kossel, Z 
physiol. Chem., 1899, 26, 586), the product had no definite m. p., but darkened above 215° and 
decomposed at ca. 235° (Found: C, 38-2; H, 4:5; N, 18-7. Calc. for C,H,,0O,N,,C,H,O,N; : 
C, 38-4; H, 4:5; N, 18-7%). The other portion, treated with hydrochloric acid (ca. 10%), 
followed by evaporation, gave the dihydrochloride (0-92 g.; 74% yield), m. p. 180—183°, 
raised to 187—189° by grinding with ethyl alcohol. 

(ii) dl-Lysine, isolated as the dihydrochloride (55% yield) by the method outlined above, 
was obtained when sodium azide was added in small portions to a solution of «-aminopimelic 
acid in sulphuric acid and chloroform at 45°. 

dl-Lysine dipicvate. dl-Lysine dihydrochloride (1-09 g.) in water (5 c.c.) and picric acid 
(2-5 g.; 2-2 mols.) in water (150 c.c.) were mixed and after 24 hours the yellow needles (2-88 g. ; 
96% yield) were recrystallised from a small volume of hot water and dried in a vacuum, m. p. 
188—190° (sintering at 169°) (Found: C, 35-8; H, 3-3; N, 18-7. C,H,,O,N,,2C,H,O,N, 
requires C, 35-8; H, 3-3; N, 18-5%). 

(b) From ethyl cyclohexanone-2-carboxylate. (i) A slow stream of dry hydrogen chloride 
was passed for 3 hours through a solution of ethyl cyclohexanone-2-carboxylate (10-5 g.) in 
benzene (108 c.c.) containing hydrazoic acid (3-7 g.; 1-4 mols.), cooled to 3° by stirring in an 
ice-bath. After 12 hours, concentrated hydrochloric acid (50 c.c.) was added, and the aqueous 
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layer separated, diluted with water (100 c.c.), and boiled under reflux for 3 hours. The gum 
obtained by evaporation was dissolved in water and divided into two parts. One part was 
warmed with copper carbonate, filtered while hot, and kept for several days; the blue crystals 
which separated, when decomposed by hydrogen sulphide, yielded impure a-aminopimelic acid, 
m. p. 215° (decomp.) (0-4 g.; 8% yield based on the ester used). The other part was warmed 
with lead carbonate, filtered, freed from lead by hydrogen sulphide, and evaporated. Addition 
of alcohol precipitated a white solid (2-4 g.), m. p. 265—275° (decomp.) (Found: N, 11-5%), 
which was readily soluble in water and gave a white precipitate with phosphotungstic acid. A 
solution of the substance (0-4 g.), mixed with excess of 1% aqueous picric acid, deposited 
dl-lysine dipicrate (0-6 g.; 18% yield), m. p. 183—186°, raised to 188—190° after recrystallisation 
from hot water; there was no depression in m. p. on admixture with the dipicrate prepared from 
dl-lysine dihydrochloride as described above. 

(ii) Dry hydrogen chloride was led for 3 hours through a solution of ethyl cyclohexanone-2- 
carboxylate (34 g.) in chloroform (150 c.c.) containing hydrazoic acid (10-1 g.; 1-2 mols.) at 
3—5°. After a further 3 hours’ stirring, a second portion of hydrazoic acid (1-2 mols.) was 
added, and the hydrogen chloride treatment repeated for 3 hours. Concentrated hydrochloric 
acid (100 c.c.) was then added, and the aqueous layer separated, diluted with water (200 c.c.), 
and boiled under reflux for 2 hours (charcoal added towards the end). Evaporation below 60° 
left a brown gum (34 g.), which was dissolved in water (100 c.c.) and added to a hot solution of 
picric acid (39 g.) in water (1-5 1.). After standing overnight in the ice-chest, the dipicrate 
(30 g.; 25% yield), m. p. 183—187°, was collected and dried ina vacuum. A portion was con- 
verted into the dihydrochloride, m. p. 188—190° (Found : N, 12-6; Cl, 32-4. C,H,,0,N,,2HCl 
requires N, 12-8; Cl, 32-56%). Eck and Marvel (loc. cit.) record m. p. 188—190°; other values 
in the literature cover the range 183° to 186°. 

Benzoylation of the dihydrochloride furnished NN-dibenzoyl-di-lysine, m. p. 144—145° 
(Found : C, 67-9; H, 6-5; N, 7-7. Calc. for C.,H,,0,N,: C, 67-8; H, 6-2; N, 7-9%). Fischer 
and Weigert (loc. cit.) record m. p. 145—146°. dJ-Lysine methyl ester dihydrochloride, prepared 
by the usual methods, had m. p. 217—-218° (compare Fischer and Weigert, Joc. cit., m. p. 218°). 

(iii) Ethyl cyclohexanone-2-carboxylate (28-4 g.) in chloroform (125 c.c.) containing hydr- 
azoic acid (8 g.; 1-15 mols.) was stirred below 5° in a stream of hydrogen chloride for 3 hours. 
Concentrated hydrochloric acid (150 c.c.) was added, and the aqueous layer separated, diluted 
with water (150 c.c.), boiled under reflux for 2 hours, and evaporated under reduced pressure. 
The residual gum was dissolved in concentrated sulphuric acid (60 c.c.) and chloroform (50 c.c.) 
at 45°. A solution of hydrazoic acid (8 g.; 1-15 mols.) in chloroform (75 c.c.) was added in 
5 c.c. portions during 6 hours. After evolution of nitrogen and carbon dioxide had ceased 
(8 hours in all), the mixture was stirred overnight at room temperature. The product was 
poured on ice, the aqueous layer separated, and hot saturated baryta added until the solution 
was only weakly acidic. Barium sulphate was removed by centrifugation, and picric acid 
(53 g.) in hot water (1 1.) added to the supernatant liquid (1-21.). After standing overnight 
in the ice-chest, the dipicrate (60-5 g.; 60% yield), m. p. 184—187°, was collected and dried 
in a vacuum over sulphuric acid. Decomposition by hydrochloric acid yielded the pure 
dihydrochloride (19-6 g.; 54% yield). 

In an earlier experiment on the same scale, a solution of the carbonate was obtained by the 
phosphotungstate separation and aliquot portions furnished the monopicrate (52% yield) and 
the dihydrochloride (54% yield). 

(iv) Ethyl cyclohexanone-2-carboxylate, dissolved in concentrated sulphuric acid and treated 
in the usual manner with hydrazoic acid (2-2 mols.) in chloroform, yielded only a trace of 
dl-lysine dipicrate. 

dl-Ornithine.—(a) From a-aminoadipic acid. WHydrazoic acid (0-45 g.; 1-2 mols.) in chloro- 
form (5 c.c.) was gradually added to a stirred solution of «-aminoadipic acid (Dieckmann, Joc. 
cit.; Wolff, loc. cit.) in sulphuric acid (7 c.c.) at 45°; nitrogen and carbon dioxide were evolved. 
The product, treated as in the case of dl-lysine in (a, i) above, yielded a solution of d/-ornithine 
carbonate, which was neutralised with 10% sulphuric acid and evaporated on the steam-bath. 

dl-Ornithine sulphate (1-2 g.; 75% yield) was obtained in white plates, m. p. 223° (decomp.), 
from hot 60% aqueous alcohol (Found: N, 15-5; S, 8-8. Calc. for 2C,H,,0,N;,H,SO,: N, 
15-4; S, 8-8%). Them. p.’s cited in the literature range from 213° to 234°. 

NN-Dibenzoyl-dl-ornithine, m. p. 186—187° (Found: C, 67-1; H, 6-0; N, 8-4. Calc. for 
C,,H,.O,N,: C, 67-1; H, 5-9; N, 8-2%), was isolated from a portion of the product by benzoyl- 
ation (compare Fischer, Joc. cit., m. p. 187—188°). 
dl-Ornithine sulphate (1-74 g.) in water (20 c.c.) was added to picric acid (4-6 g.) in water 
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(300 c.c.). After 36 hours the precipitate of dl/-ornithine dipicrate was collected and dried in 
a vacuum. Yield, 4:97 g. (93%); m. p. 195—197° (decomp.), raised to 198—200° (decomp. 
at 209°) by recrystallisation from hot water (Found: C, 34-8; H, 3-0; N, 19-3. Calc. for 
C,H,,0,N,,2C,H,O,N;: C, 34-6; H, 3-1; N, 190%) [Kossel and Weiss, Z. physiol. Chem., 
1910, 68, 163, and Vickery and Cook, J. Biol. Chem., 1931, 94, 393, record m. p. 195° and 208° 
(decomp.) respectively]. 

(b) From ethyl cyclopentanone-2-carboxylate. (i) The ester (31-2 g.) was submitted to 
precisely the same treatment as described for the preparation of di-lysine in expt. (b, iii) above, 
proportionate quantities of materials being used. The product was poured on ice (200 g.), and 
the aqueous layer separated. The solution was rendered weakly acidic by addition of hot 
saturated baryta, barium sulphate removed by centrifugation, and picric acid (60 g.) in hot 
water (1-5 1.) added to the supernatant liquid. After 36 hours, the dipicrate (47 g.; 40% yield) 
was separated by filtration and dried in a vacuum. 

(ii) In an earlier experiment 23-4 g. of the ester were employed, and isolation effected by the 
phosphotungstic acid separation (Kiesel, Z. physiol. Chem., 1921, 118, 254). The resulting 
carbonate solution was neutralised with 10% sulphuric acid and evaporated to dryness. 
dl-Ornithine sulphate (9-5 g.; 35% yield), m. p. 223°, was obtained from the residual paste 
by stirring with ethyl alcohol, filtration, and drying in a vacuum. 

Glycine.—(i) Hydrazoic acid (2-4 g.; 1-1 mols.) in chloroform (35 c.c.) was added gradually 
during 2 hours to a solution of malonic acid (5-2 g.) in sulphuric acid (15 c.c.) at 40°. After 
8 hours, when approximately 1 mol. of nitrogen had been evolved, the product was poured on 
ice (100 g.), and the aqueous layer separated and treated with hot 25% baryta solution until 
neutral to litmus. After removal of barium sulphate by filtration, concentrated hydrochloric 
acid (10 c.c.) was added, and the liquid evaporated to dryness under reduced pressure. Ethyl 
alcohol (20 c.c.) was added to the yellow residue, the mixture saturated with dry hydrogen chloride 
and boiled under reflux for 1 hour, and the liquid filtered through a sintered glass funnel. Glycine 
ethyl ester hydrochloride (1-7 g.; 25% yield), m. p. 143—144°, separated on cooling, and a 
further quantity (0-3 g.; 4%) was obtained from the mother-liquor. 

3 : 5-Dinitrobenzoylglycine (Saunders, Biochem. J., 1934, 28, 580), prepared from a portion 
of the product, had m. p. 178°, not depressed by admixture with an authentic specimen. 

(ii) By conducting the reaction at 50°, glycine ethyl ester hydrochloride was isolated as in 


(i) in a yield of 46%. 
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332. A New Method of resolving a Racemic Compound. 
By GrorGE M. HENDERSON and H. GorDoN RULE. 


dl-p-Phenylenebisiminocamphor is shown to be resolvable by taking advantage of 
the difference in the adsorption coefficients of the d- and the /-form for solid lactose. 
The racemic compound is adsorbed in the upper part of an upright tube filled with 
lactose, and the adsorbed layer is washed with solvent until it has expanded to the full 
length of the tube. Material recovered from the upper portion of the tube is found 
to be dextrorotatory and that from the lower portion levorotatory. The degree of rota- 
tion can be increased by repeating the process until the optically pure product is 
obtained. The’ process is obviously limited to racemic compounds which can be ad- 
sorbed on an optically active adsorbent and whose active components possess different 
adsorption coefficients. 


Tue literature contains numerous references to the possibility of resolving racemic com- 
pounds by use of adsorption methods. In 1904 Willstatter (Ber., 837, 3758) attempted 
unsuccessfully to demonstrate a selective adsorption of one of the active components of a 
racemic alkaloid on wool or silk. Some years later Porter and Ihrig (J. Amer. Chem. Soc., 
1923, 45, 1990) claimed to have effected an almost complete resolution of d/-m-8-naphthol- 























[1939] A New Method of resolving a Racemic Compound.  . 1569 


azomandelic acid by preferential adsorption of the d-form on wool, but this resolution 
could not be confirmed either by Brode and Adams (idid., 1926, 48, 2193, 2202) or by the 
present authors. Very small partial resolutions of dyes by use of wool have been described 
in one or two isolated cases by Ingersoll and Adams (ibid., 1922, 44, 2930) and by Morgan 
and Skinner (J., 1925, 127, 1731). 

Experiments with racemic metallo-organic complexes, e.g., dl-chlorobis(dimethyl- 
glyoxime)diamminocobalt, were made by Tsuchida, Kobayashi, and Nakamura (Bull. 
Chem. Soc. Japan, 1936, II, 38), in which a warm saturated solution of the salt was allowed 
to cool over powdered d- or /-quartz. The residual solutions after decantation were 
generally, although not invariably, faintly active, the sign of activity in any given case 
varying with that of the quartz employed. Still more recently, Karagunis and Coumoulos 
(Praktika, 1938, 18,414; Nature, 1938, 142, 162), adopting the same technique of chromato- 
graphic adsorption analysis as that used by the authors (tbid., 141, 917), obtained evidence 
of the differential adsorption of the d- and the /-component of the racemic chromium com- 
plex, [Cr(en),]Cl,, upon powdered active quartz. With the exception of one unconfirmed 
result recorded by Porter and Ihrig, none of the above cases represents more than an 
extremely small partial resolution, no specific rotations are calculated, and all polarimetric 
readings fall within the range 0-01—0-12°, the two largest being 0-11° and 0-12° observed 
by Karagunis and Coumoulos. 

In the present investigation use was made of the racemic compounds £-naphtholazo- 
mandelic acid and -phenylenebisiminocamphor; among the adsorbents examined were 
calcium d-tartrate, powdered active quartz, emulsin, maltose, glucose, sucrose, and lactose. 
Indications of small partial resolutions of the above order of magnitude were obtained 
with the azo-compound on d-lactose and details of these experiments are given in the 
experimental section. 

A complete resolution of d/-p-phenylenebisiminocamphor,C,H,(N°C, 9H,40)s, was effected 
by using lactose. The general method of procedure was to allow a solution of the imino- 
camphor in light petroleum containing 12% or 25% of benzene to fiow through an upright 
adsorption tube packed with lactose under the same solvent mixture. As soon as the 
pale yellow adsorbed layer occupied a sufficient length (} to 4 of the tube according to 
circumstances) it was developed by washing with the pure solvent mixture until it expanded 
to the foot of the tube. Towards the end of the development the yellow colour of the 
adsorbate became very faint, and it was found advisable to view the tube in a diffused 
north light; also it was usually necessary to estimate the time at which the process was 
complete by measuring the rate of expansion of the band while it was clearly visible in the 
upper three fourths of the tube. Excess liquid was then drained from the tube and the 
pasty contents extruded, the top and the bottom section (generally quarters or eighths) 
being collected separately. On extraction by agitation with warm chloroform, the crude 
p-phenylenebisiminocamphor was recovered. The d-iminocamphor is more strongly 
adsorbed on d-lactose than the -iminocamphor; hence the product obtained from the top 
section is dextrorotatory and that from the bottom section levorotatory. Greatly improved 
efficiency was gained by treating the lactose prior to use and by submitting the recovered 
iminocamphor to purification before polarimetric examination. 

Experiments were also carried out with highly purified lactose (“AnalaR’’). This 
adsorbed the iminocamphor strongly, but was unsatisfactory in practice because after some 
hours (and before the development could be completed) the material adsorbed in the upper 
part of the tube underwent change and became dark. Qualitative tests indicate that this 
dark product, which cannot be developed or extracted with chloroform, is probably a p- 
phenylenebisimino-derivative of lactose; it was observed on some occasions when “‘ activ- 
ated ”’ Lactosum, B.P., was used and the adsorbed material had been allowed to remain in 
prolonged contact with the adsorbent. 

Activation of Adsorbent.—Test experiments showed that the untreated Lactosum, B.P., 
when dried for 3 hours at 40° in a vacuum, adsorbed the racemic compound weakly and 
that the final elution of the lactose with chloroform removed not only -phenylenebis- 
iminocamphor but also a yellow oily material, together with traces of yellow and brown 
dyes. Although these impurities were only extracted in exceedingly small quantities, the 
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oil, at least, was comparable in amount with that of the accompanying iminocamphor. 
The oily material was soluble in light petroleum; it resinified on heating and was present 
in the original lactose, from which it could be largely removed by preliminary treatment 
with chloroform. For this purpose the lactose (4 kg.) was boiled for about 5 minutes with 
chloroform (21.). After filtration with the aid of a pump, the extraction was repeated, and 
the lactose washed with warm chloroform on the filter. Finally, it was dried in a current 
of warm air and placed in a vacuum chest in the cold for 3 hours to remove the last traces 
of chloroform, which, if allowed to remain, seriously diminished the adsorptive powers. 
Activated lactose so prepared not only adsorbed the racemic #-phenylenebisiminocamphor 
three or four times as strongly as the original, crude, heat-dried lactose, but the resulting 
resolutions gave products of greatly increased optical activity (see summary on p. 1571). 

Purification of Recovered p-Phenylenebisiminocamphor.—The above-mentioned impurities 
could be eliminated by evaporating the chloroform, dissolving the residue in benzene (40c.c.), 
and allowing the solution to flow down a short tube (15 x 1 cm.) packed with Merck’s 
aluminium oxide immersed in the same solvent. The resulting brown adsorption layer at 
the top of the tube was developed by washing with benzene containing up to 20% by volume 
of chloroform. In this manner the single brown layer was expanded into a narrow upper 
brown band merging lower down into a wider yellow band, the lowest part of which was 
somewhat deeper in tint than the remainder. Still further down the tube, and divided 
from the above bands by a layer of colourless alumina, was a faint pink band. When 
viewed under ultra-violet light, the lower part of the central yellow layer, which alone 
contained the iminocamphor, appeared as a dark zone. Working under ultra-violet 
illumination the column of aluminium oxide could therefore be pushed out of the tube, and 
the dark zone cut out and extracted separately with chloroform. Subsequent evaporation 
of the solvent generally gave the pure iminocamphor as a clear yellow crystalline solid. Ina 
few cases final washing with cold light petroleum was employed in order to remove traces 
of oily matter. 

Typical Separations —I. About 0-05 g. of racemic p-phenylenebisiminocamphor, dis- 
solved in 8 1. of petroleum—benzene (8: 1), was adsorbed on dried, untreated Lactosum 
B.P. (about 10 kg.) contained in 12 tubes, so that the yellow adsorbed layers constituted 
one fourth of the tube lengths. After development (30 hours) the upper and the lower 
fourths were separated and extracted. The upper fourths gave 0-0050 g. of the bisimino- 
camphor, [«]}* + 90° (« -+ 0-082° in chloroform,* / = 2, c = 0-05); the lower fourths 
gave 0-0060 g., [a], — 50° (« — 0-063°, 7 = 2, c = 0-06). The levorotatory fraction was 
also examined in light of the mercury green line, [«]{%, — 66° (« — 0-13°, / = 4, c = 0-05 
inchloroform). The optically pure product in chloroform has [«]p + 1500°, [a]s4, + 1975°. 

II. By using lactose activated by previous extraction with chloroform, about 0-03 g. 
of the racemic bisiminocamphor, dissolved in 5 1. of the solvent mixture, was adsorbed on 
the upper eighth of a single tube of dimensions 130 x 10 cm. and holding 6 kg. of lactose. 
Adsorption and development required 60 hours. Upper and lower fourths were collected 
as before, but the uppermost fraction was found to contain very little adsorbed material 
and its extract was therefore united to that from the quarter immediately below it. The 
two upper fourths gave 0-00232 g., m. p. 252 —254°, [a]iS,, +- 485° in chloroform (« + 0-450°, 
1 = 4, c = 0-0232); the lowest fourth gave 0-00180 g., m. p. 252—254°, [«]i, — 728° 
(a — 0-524°, / = 4,c =0-0180). The pure active forms melt at 259—260°, and the racemic 
product at 252——253° (see p. 1572). 

The above two experiments are representative of a large number, in all of which an excess 
of d-p-phenylenebisiminocamphor was recovered from the upper part of the tube and an 
excess of the /-form from the lower part. It must therefore be concluded that the partial 
resolutions thus effected are due to the adsorption coefficient of d-lactose for the d-imino- 
camphor being greater than that for the -isomeride. According to Tswett’s principles of 
chromatographic analysis, it should be possible to continue the process of separation until 
a complete resolution has been achieved, and confirmatory evidence on this point was first 
obtained by collecting the partly resolved material from several experiments and submitting 


* Each value of a given in this paper is the average of numerous readings, in order to obtain an 
approximation for the third decimal figure. 
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it to a second treatment over lactose. In this way a dextrorotatory mixture after adsorp- 
tion and development was treated by selecting a fraction from the upper part of the tube; 
with a levorotatory mixture, on the other hand, a bottom fraction was collected. In both 
cases the recovered products showed enhanced rotations. 

Unfortunately, #-phenylenebisiminocamphor is so sparingly soluble and so weakly 
adsorbed on lactose that a complete resolution could only be carried out in the above 
manner by an altogether disproportionate expenditure of time and material. The principle 
at issue was therefore established more simply by making up a synthetic mixture of the 
pure d-and/-forms having an optical activity which corresponded to the levorotatory mixture 
actually isolated from experiment II. This was adsorbed, developed, and a lower fraction 
worked up; a synthetic mixture corresponding to the recovered material was then com- 
pounded and the process repeated. After four adsorptions over lactose, including that 
given under II, an optically pure sample of /-p-phenylenebisiminocamphor was obtained. 
With the experience gained, it is probable that the same result could now be attained with 
only three treatments. 

The following details refer to separations carried out as in II above, except that it was 
found preferable to use a solvent mixture containing 25% of benzene. In this way more of 
the iminocamphor could be handled in a given volume of solution, and the development 
process was considerably expedited. The latter point is of importance, as too prolonged 
adsorption on the lactose leads to decomposition of the iminocamphor, a change indicated 
by the pale yellow colour of the adsorbate passing into a deeper brown tint. 

III. A synthetic mixture, 0-03 g. ([«]ss: — 660°), was dissolved in 2 1. of petroleum- 
benzene (4:1) and adsorbed in a single tube of dimensions 130 x 6 cm., holding 2-5 kg. 
of activated Lactosum B.P. The adsorbed layer occupied the upper fourth of the tube. 
After rapid development with the same solvent mixture (time, 16—18 hours) the top and 
the bottom fourth were separated and extracted: top fourth, 0-00160 g., m. p. 248— 
252°, [«]se, — 162° (« — 0-104°, 7 = 4, c = 0-016 in chloroform) ; bottom fourth, 0-00262 g., 
m. p. 253—256°, [«]sse. — 1389° (a — 1-456°, 7 = 4, c = 0-0262). 

IV. The separation was repeated as in III, 0-024 g. of a synthetic mixture, [«]s4¢, — 1330°, 
being used: bottom quarter, 0-00218 g., m. p. 254—256°, [«]ss, — 1790° (a — 1-565°, 
1 = 4,c =0-0218in chloroform). In this case 30% benzene in petroleum was employed as 
solvent, but adsorption was notably poorer and the increase in rotation less pronounced. 
In the following experiment a return was therefore made to a solvent mixture containing 
25% benzene. 

V. From 0-023 g. of a mixture, [a], — 1708°, the lowest eighth of the developed 
column being extracted, there was recovered 0-00190 g. of “a pewd pure /-p-phenylenebis- 
iminocamphor, m. p. 257—260°, [«]sse. — 1992° (« — 1-513°, 7 = 4, c = 0-0190). 


Mg. Lactose, Adsorbed Layer Mg. 
taken. [a]. kg. layer. extracted. recovered. a. [a]. 
I* 50 + 0° 10 1,2 1,2 5-0 +0-11° + 117° 
6-0 —0-13 — 66 


II 30 + 0 6 1 3,4 2-32 +0-450 + 485 
5-40 +0-332 + 154 
1-80 —0-524 — 728 


III 30 — 660 2-5 1,2 1-60 —0-104 — 162 
2-62 — 1-456 — 1389 


IV 24 — 1330 2-5 1,2 2-18 — 1-565 — 1790 
Vv 23 —1708 2-5 1,2 8 1-90 —1-513 — 1992 
* Unactivated lactose used. The two dextrorotations in this experiment are calculated from the 


value actually observed for the D line, as recorded on p. 1570. In the roar gee 3 experiments activated 
lactose was employed. The final value in V is subject to an error of about + 


The significance of these data is more readily appreciated from the preceding tabular 
summary, in which the column of lactose in the adsorption tube is regarded as being divided 
into eight equal sections, numbered 1 to 8 from the top downwards; « and [a] refer to the 


green line 4 5461. 
Experiment showed that by a similar process involving the uppermost fractions of 
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the adsorbate the rotation of a dextrorotatory mixture could be increased in the same 
manner, but no attempt was made to isolate the pure d-form. 

Discussion.—The foregoing results demonstrate clearly that under suitable conditions 
a racemic mixture may be completely resolved into its optically active forms by taking 
advantage of the difference in their adsorption coefficients on a given optically active ad- 
sorbent. Obviously the essential factor is the asymmetric character of the adsorbing 
surface, which causes it to react differently towards the enantiomorphous components of the 
racemic compound, a point which is emphasised by the work of Tsuchida, Kobayashi, and 
Nakamura (loc. cit.) and more especially of Karagunis and Coumoulos (loc. cit.) on active 
quartz. The forces involved may be identical with those operative in bringing about the 
growth of a crystal in contact with its mother-liquor. If this view is correct, it would imply 
that no fundamental distinction in principle exists between separations effected in this 
manner and those carried out by Ostromisslensky (Ber., 1908, 41, 3035), in which a super- 
saturated solution of a racemate was seeded out by the addition of an asymmetric crystal 
such as that of sodium chlorate. Indeed, the historical experiment of Pasteur on sodium 
ammonium racemate crystals may fall into the same category, the one-sided attraction of 
each type of active molecule in solution for its related crystal form leading to a complete 
differentiation. In other words, in ordinary adsorption a layer of adsorbate forms on the 
surface of a foreign adsorbent material. In crystallisation the solid phase may be regarded 
as auto-adsorbing, each layer of molecules on being deposited on the interface forming a 
fresh adsorptive surface of the same nature as the original. 

In the case of p-phenylenebisiminocamphor and lactose the quantity of racemic material 
bears a very small ratio to that of the lactose required for resolution. This ratio must 
depend upon the difference between the adsorption coefficients of the two forms for 
the lactose surface, and other examples may soon be brought to light in which the resolu- 
tion can be completed with less difficulty. A salient characteristic of the method is that it 
is not subject to the presence of a chemically active group, such as carboxyl or amino-, in 
the molecule of the racemic compound to be resolved, and there is no reason why it should 
not be applied with success to a hydrocarbon. In this connexion it may be pointed out 
that the carbonyl groups in #-phenylenebisiminocamphor do not appear to react with 
phenylhydrazine or its dinitro-derivative. 

The other carbohydrates mentioned on p. 1569 adsorbed the iminocamphor less strongly 
than lactose and were not further investigated. 

p-Phenylenebisiminocamphor is also adsorbed extremely weakly upon powdered active 
quartz, but no optical activity could be detected by treatment involving this material. 


EXPERIMENTAL. 


dl-p-Phenylenebisiminocamphor was prepared from di-camphorquinone (2 mols.), p-phenyl- 
enediamine hydrochloride (1 mol.), and excess of sodium acetate. The mixture was heated 
carefully over a free flame, and the brownish needles obtained on crystallising the resulting 
mass from alcohol were clarified by dissolution in hot alcohol and rapid filtration through a 
4-in. layer of alumina held in a sintered-glass funnel. Large golden-yellow crystals were 
deposited; m. p. 252—253°, yield 60% (Forster and Thornley, J., 1909, 95, 942, obtained only 
a 40% yield by carrying out the reaction in alcoholic solution). We failed to obtain any reaction 
by heating the dry mixture for 8 hours on a water-bath (cf. Singh, J. Indian Chem. Soc., 1930, 
7, 555). 

The corresponding d- and /-bisiminocamphors were prepared from the pure active d- and 
l-camphors by way of the quinones. They melted at 259—260°, and the racemic form obtained 
by mixing equal weights was identical with that prepared as above. There is therefore no 
evidence for the presence of any internally compensated meso-derivative in the latter product 
(cf. Singh, loc. cit.). 

dl-m-8-Naphtholazomandelic acid was prepared by the known method (Brode and Adams, 
loc. cit.; McKenzie, J., 1935, 106; Porter and Ihrig, loc. cit.). Attempts were made to effect a 
resolution by means of wool according to the directions of the last-named authors. As a cold 
acetic acid solution of the dye in the concentration (1 g. in 75 c.c.) recommended by them could 
not be used owing to rapid deposition from the supersaturated liquid, a solution of 0-5 g. in 75 
c.c. was treated at 30° with successive quantities (each 2-5 g.) of wool, each lot being withdrawn 
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after 2 days and replaced by a fresh one. No measurable rotation (1 = 2, 4 = 6100) could 
be detected in the residual liquor at any stage, even though the process was continued until the 
bulk of the dye had been adsorbed. These tests were conducted with use of (a) natural fleece 
which had been defatted by washing, followed by extraction with carbon tetrachloride and dry- 
ing, (b) a piece of old woollen blanket which had been washed many times. 

dl-m-8-Naphtholazomandelic acid in benzene solution was found to be adsorbed by lactose 
(Lactosum B.P.). 2 L. of a benzene solution containing 0-24 g. of the dye were adsorbed in 
three tubes (50 x 2-5 cm.) each holding about 200 g. of lactose. The adsorbate occupied the 
upper thirds of the tubes, and development by washing with benzene was continued until the 
red layer expanded to fill the tube. Top and bottom thirds were then removed, and extracted 
with acetone. The recovered dye was washed with boiling water to remove traces of lactose, 
and dried. Upper thirds gave 0-050 g., [a]g:99 + 25° in acetic acid (« + 0-05°, ] = 2,c = 1); 
lower thirds gave 0-030 g., [a]g199 — 2° in acetic acid (« — 0-02°,/ = 2,c = 0-6). Although these 
rotations do not greatly exceed the probable error, the partial separation could be repeated. 
This part of the work was carried out with untreated Lactosum B.P. The pure forms of the 
active dye are stated to have [a]g:99 -47° in acetic acid. 


One of us (G. M. H.) thanks the University of Edinburgh for the award of a Mackay Smith 
Scholarship and the Carnegie Trust for a Scholarship, during the tenure of which this research 
was carried out. 
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333. Reaction Velocities at Low Temperatures. Part I. A Convenient 
Low-temperature Thermostat. Part II. The Bromination of Acetone 
between —40° and +10°. 


By R. P. Bett and J. K. THoMas. 


It is shown that measurements of reaction velocities at low temperatures would 
be of value in investigating possible deviations from the Arrhenius equation, in 
particular those due to the “‘ tunnel effect.” 

Part I.—A simple low-temperature thermostat is described, and details are given 
for its operation between 10° and — 40°. 

Part II.—Data are given for the velocity of the acid-catalysed bromination of 
acetone in 90-9% and 95% aqueous acetone at temperatures between + 10° and 
— 40°, the catalysts used being hydrogen chloride and bromide. With hydrogen 
chloride there is catalysis by both hydrogen ions and undissociated acid, but with 
hydrogen bromide the hydrogen ion is the only effective catalyst and the reaction 
velocity is almost directly proportional to the acid concentration. The Arrhenius 
equation is obeyed within the limits of experimental error, and the activatién energy 
is the same as for hydrogen-ion catalysis in aqueous solution. 


MEASUREMENTs of reaction velocity have rarely extended to temperatures below 0°, 
largely owing to the difficulty of maintaining and controlling such temperatures over 
sufficiently long periods. Such measurements would be of considerable value, since in 
addition to extending the range of reactions which can be studied kinetically, they might 
throw light on the question as to how far the Arrhenius equation can be regarded as an 
exact representation of the variation of reaction velocity with temperature. A statistical 
treatment of the problem (cf., ¢.g., Tolman, “‘ Statistical Mechanics,’’ Chap. 21, New York, 
1927) shows that the temperature coefficients of unimolecular and bimolecular reactions 
respectively are given by 


Soe wae, oy | Se Re eee 
d log ka/dT = 1/2T + (€ —2)/kT? 


where ¢ is the average energy of the molecules which react, and e that of all the molecules. 
The usual integrated form of (1) corresponds to the assumption that the activation energy 
=—é does not vary with the temperature. Both © and é represent averages over a 
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number of energy states, and it is clear in principle that this assumption is only a first 
approximation, just like the assumption of a constant heat of reaction in integrating the 
van ’t Hoff isochore. On the other hand, experiment shows that in practice it is a very 
good approximation, since the reported deviations from the simple Arrhenius equation 
(apart from those due to a composite chemical mechanism) are neither numerous nor 
convincing (cf., ¢.g., LaMer, J. Amer. Chem. Soc., 1935, 57, 2662, 2669, 2674; 1936, 58, 
2413). Such deviations should become much more apparent at low temperatures, since 
it is the reciprocal of the absolute temperature which enters into all the relevant equations. 

It has been pointed out by LaMer (J. Chem. Physics, 1933, 1, 289) that deviations are 
more likely to exist if different activated states have different probabilities of reaction. 
This possibility applies particularly to reactions involving the movement of light nuclei 
(#.e., protons), where according to quantum theory the probability of reaction is a con- 
tinuous function of the energy. A number of calculations of this effect have been made 
(for a summary, see Bell, Trans. Faraday Soc., 1938, 34, 229), and it appears that proton- 
transfer reactions are likely to exhibit considerable deviations from the Arrhenius equation 
at temperatures not far below 0°. No experimental evidence has so far been produced 
which directly demonstrates the existence of this “‘ tunnel effect,’’ and measurements on 
proton-transfer reactions at low temperatures are therefore of special interest. 





Part I. A Convenient Low-temperature Thermostat. 


The thermostat used is based on that described by Simon (Ber., 1927, 60, 568; 1928, 61, 
2173) but is much larger and can be operated continuously for long periods. A diagram of 
the thermostat bath itself is shown in Fig. 1. The bath liquid (1500 c.c. of trichloroethylene) 

is contained in the double-walled Monax vessel A, 30 cm. deep, 
Fic. 1. and 11 cm. in external diameter. Temperature uniformity is 
ensured by the glass stirrer B and the stout copper cylinder C. 
The bath is cooled by the evaporation of a liquefied gas in the 
annular space of A (width 1 cm.), and the temperature is 
controlled by regulating the pressure under which this evaporation 
takes place. Thermal insulation is effected by the large Pyrex 
Dewar vessel D (with an unsilvered vertical strip for inspection) 
and by the layer of asbestos-wool resting on the rubber support 
E. The top of the bath is closed by a cork bung in which 
reaction vessels, etc., can be held. 

The refrigerant was admitted through F from an inverted 
gas cylinder, and the gas was pumped off through G by means 
of a water-suction pump. The pressure regulator used was of 
the type described by Simon (loc. cit.). It incorporated a 
buffer vessel of 20 1. capacity, and the evacuated mercury vessel 
was mounted on a vertical steel column with a fine screw 
adjustment. In this way the pressure in the system could be 
adjusted and kept consant to within 1 mm. of mercury. When 
ammonia was used as refrigerant it was found that the water 
pump rapidly became blocked owing to deposition of calcium 
carbonate from the hard tap water. It was therefore necessary 
to cut off the flow of gas temporarily every few hours and to 
clear the pump by sucking through acid. During the night the 
same operation was performed by an automatic device in- 
corporating an alarm clock. 

When the apparatus is started, the system is evacuated as well as possible by the water 
pump, and the bath cooled to some degrees below the required temperature by adding solid 
carbon dioxide or by blowing liquid air into a metal tube immersed in the bath. The 
refrigerant is then admitted carefully from the cylinder until the pressure in the system 
approaches atmospheric. The temperature and pressure are allowed to fall again before a 
second addition is made, and this process is repeated until the refrigerant is within a few cm. 
of the top of the annular space. The mercury reservoir is then set to the required level, and 
after }—4 hour a steady temperature is reached. Over short periods (1—2 hours) the tem- 
perature is constant to about + 0-02° and can be rapidly and accurately adjusted; e.g., at 
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— 20° with sulphur dioxide as the refrigerant, if the mercury reservoir is lowered by 2 mm., 
’ the temperature falls about 0-1° and is steady again after 10 mins. Over longer periods there 
is a gradual steady rise of temperature—about 0-3° in 12 hours—probably caused by the 
change in level of the refrigerant. However, by occasional hand regulation, constancy can be 
maintained to + 0-05° during the day, and it is easy to set the reservoir so that the average 
temperature during the night has the required value. 

With tie present apparatus about one-half of the liquid in the annular space is used in 12 
hours, and the apparatus was therefore refilled with refrigerant night and morning, the same 
procedure being used as for the initial filling, except that the preliminary cooling was usually 
carried out by lowering the mercury reservoir. During this period (about $ hour) the thermo- 
stat temperature deviates considerably both above and below the required value, but with 
practice the preliminary cooling can be so adjusted that the average temperature is very close to 
the desired value. Inthis way the thermostat can be worked continuously for an indefinite period. 

The following table shows the refrigerants used at various temperatures, the rate at which 
they were consumed, and the approximate pressures used. It will be seen that the cost of 
running the thermostat is not excessive. 

Temp. . ob cbecno nds sedcccccscdscessassss |)’ RGF —11° —20° — 30° —40° 
Refrigerant .. sescccevoesosccccs | EBRAD so, SO, so, NH; 
Pressure (mm. ‘mez scury) denanbsbeeentiew 290 720 480 290 540 
Consumption (g. per 24 hrs.) cescoveeonce 175 500 690 870 380 

The temperature of the thermostat was measured by a two-junction copper—constantan 
thermo-couple, the other junctions being at 0°. This was connected to a direct-reading 
galvanometer which could be read to 10° volt, corresponding to about 0-1°. The thermo- 
couple was calibrated at the f. p.’s of chlorobenzene (— 45-35°) and carbon tetrachloride 
(— 22-9°), and at various temperatures between 0° and 25° on a standard thermometer. A 
pentane thermometer was used for observing small changes of temperature, but could not be 
used for actual temperature measurement owing to the large and uncertain stem correction. 


Part II. The Bromination of Acetone between — 40° and +- 10°. 


The reaction of acetone with the halogens is well known as a case of prototropy, its 
velocity being independent of the halogen concentration, but dependent on the various 
acid or basic catalysts present. Most of the kinetic work has been carried out in dilute 
aqueous solution, but for low-temperature measurements it was necessary to use aqueous 
acetone which contained a high percentage of acetone, and therefore had a low freezing 
point. The mixtures used contained 90-9% and 95-0% of acetone by weight and remained 
liquid and homogeneous at least down to — 50°. 

It was wished to study catalysis by the hydrogen ion, and preliminary experiments 
were first made with perchloric acid as catalyst, since this acid is completely dissociated 
even in anhydrous acetone (cf. Hartley et al., Ann. Reports, 1930, 27, 344). However, 
this acid appears to react with acetone to give a product which liberates iodine from 
potassium iodide, and hydrogen bromide was therefore used as catalyst in most of the 
experiments. There is no direct information about its dissociation in acetone, but 
hydrogen chloride is a very weak acid in pure acetone, and at least a moderately strong 
one in acetone containing 124% of water (Brownson and Cray, J., 1925, 127, 2923). 
Hydrogen bromide should be considerably stronger than this, and we may expect that it 
will be almost completely dissociated in 90% acetone. It will be seen later that this 
expectation is confirmed by the kinetic results. In view of the very great effect of 
adding small quantities of water to acids in pure acetone (Hartley and Hughes, Phil. 
Mag., 1933, 15, 610), it is clear that the hydrogen ion formed in aqueous acetone is H,O*. 

Preliminary experiments carried out with iodine as the reacting halogen showed that 
under the conditions employed the system came to equilibrium with a small residual 
concentration of iodine. With bromine, on the other hand, the reaction went to com- 
pletion in 90-9% acetone, and nearly so in 95% acetone; this halogen was therefore 
employed throughout. 


Matevials.—Acetone. A commercial product (from the bisulphite compound) was dried 
over fused potassium carbonate and fractionally distilled, the portion boiling within 0-1° being 
used. The required amount of water was added by weight. 










Bell and Thomas: 


TABLE I. 


Temp., —11-3°. Catalyst, HBr. Solvent, 90-9% acetone. Initial acid concn., 0-0221N. 
Final concn., 0-0231N. 
Fiano (nies) ccccciscvcsvseccce” 8 34 57 77 97 130 152 190 220 
Titre, c.c./ (o apiutones 1-70 1-49 1:35 1-21 1-06 0-85 0-70 0-43 0-23 
POP EGE, ccosscere 1-71 1-50 1:34 1-21 1-07 0-85 0-69 0-44 0-23 
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Hydrogen chloride was prepared from pure sodium chloride and concentrated sulphuric 
acid. Hydroge: bromide was prepared from bromine, red phosphorus, and water, and was 
passed successively over moist red phosphorus and phosphoric oxide. The concentration of 







; the stock solutions in 90-9% and 95% acetone was determined by weight titration. In 90-9% 
; acetone the solutions were stable for at least a month, as regards both titre and kinetic results. 
' The solutions of hydrogen bromide in 95% acetone gradually became yellow, and their titre 






decreased. They were obviously not stable, and were used within a few days of preparation. 
Measurement of Reaction Velocity—The reactions were carried out in vessels of the type 
previously described (Bell and Levinge, Proc. Roy. Soc., 1935, A, 151, 211), which were 
immersed in the thermostat to above the internal seal, and for measurements below 0° were 
fitted with calcium chloride tubes to prevent the condensation of moisture on the ground cap. 










TABLE II. 
HCl in 90-9% acetone. 






© sseceeceeeee 00108 0-0215 00-0427 0-0636 0-0744 00-0880 0-117 0-145 
—20-6°< 10% __...... 2-28 5-34 12-2 21-4 26-0 36-0 50-7 68-2 
covese ° 2-48 2-86 3-36 3-49 4-0 4:3 4-6 





HBr in 90-9% acetone. 















C sccceseeeeee O-OLI] 00-0144 0-0254 0:0360 0-0391 
+10-1°4 104v (obs.) 0-880 1-20 2-11 3-01 3-31 
10*v (calc.) 0-903 1:18 2-11 3-04 3-31 
v = 8-00 x 10-%c(1 + 1-5c). 
c .. 00137 00148  0-0209 0-0330 0-0511 0-0671 0-0830 
105v (obs.) 3-00 3-35 4-62 7-56 11-8 15-9 20-1 
105v (calc.) 3-02 3-27 4-66 7-48 11-9 15-9 20-2 
v = 2-16 x 10-8c(1 + 1-5c). 
es ae 00205  0-0226 0-0372  0-0767 
—11-3° 10% (obs.) 9-82 10-7 17-1 37-8 
: 10% (calc.) 9-51 10-5 17-7 38-5 
| v = 4:50 x 10-c(1 + 1-5c). 
“ye .. 00191 0-0222 0-0554 0-0598 0-0861 0-1125 
—20-6°4 108 » fobe) 2-02 2-41 6-59 6-89 10-1 13-8 
108 2-08 2-43 6-36 6-91 10-3 13-9 
; v = 1-06 x 10-c(1 + 1-5c). 
‘ C csseseeeeeee O-0101 00-0254 0-0428  0-0627 0-0862 
: —29-8°2 107 (obs.) 2-94 7-05 11-6 18-0 24-3 
: 107v (calc.) 2-66 6-86 11-8 17-8 25-3 
v = 2-60 x 10-c(1 + 1-5c). 
C sesecseeeeee 00157 0-0291 0-0570  0-0753 *0-0753 0-1029 
—40-0°4 108v (obs.) 6-45 12-9 24-7 31-5 33-2 48-5 
10%v (calc.) 6-45 12-2 24-7 33-5 33-5 48-5 





v = 4:00 x 10-*c(1 + 1-5c). 





} . HBr in 95-0% acetone. 


C sesesseeeeee 0-0118 0-0192 0-0327 0-0452  0-0624 0-0820 
0-0°¢ 104v a... 0-465 0-753 1-31 2-03 2-72 3-74 
108v/c ...... 3-96 3-92 4-00 4-49 4-37 4-48 Mean = 4:20 
C sescceceseee 00113 0-0251 00-0341 0:0458 00-0724 
—11-3°¢ 105v__...... 0-87 1-88 3-01 3°45 6-36 
104v/c ...... 7-70 7-48 8-82 7-53 8-79 Mean = 8-06 


0818 
8 
56 Mean = 1-68 





0- 
| ree 2-15 3°37 6-44 8-30 13-3 = 


C ssscseveeeee 00135 00217 00-0375 0-:0455  0-0752 
— 20-6° 
{io ceveee 1-59 1-55 1-72 1-87 1-77 
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When the cap was removed for adding or extracting solution, a current of dry air was passed 
into the space surrounding the ground portion, and the cap was dried before being replaced. 
Four vessels could be placed in the thermostat at once. At + 10°, — 11°, and — 20° the 
experiments were completed between successive refillings of refrigerant, and at — 30° and — 40° 
calculation showed that the temperature disturbances caused by refilling had a negligible 
effect on the course of the reaction. The experiments at 0° were done in ice. 

In carrying out an experiment, about 10 c.c. of acid of the required concentration was left 
in a reaction vessel in the thermostat for 4 hour. A small quantity of bromine was then 
added from a capillary, the initial bromine concentration varying from 0-001 to 0-003N. 
About 1 c.c. of reaction mixture was pipetted out from time to time into a weighed flask 
containing 15 c.c. of a buffer solution, n/5 with regard to both acetic acid and sodium acetate, 
plus 0-5 c.c. of N/10-potassium iodide solution. In this solution the rate of iodination of 
acetone is so slow that no measurable reaction takes place before titration. The iodine 
liberated was titrated with n/300-thiosulphate solution from a 2-c.c. micro-burette, the over-all 
accuracy of the titrations being about 0-02 c.c. 

Table I gives the data for a typical experiment in 90-9% acetone, the calculated titres 
being on the assumption that the bromine is used at a constant rate. The acid concentration 
changes slightly during the reaction owing to 
the hydrogen bromide produced: however, Fic. 2. 
this change was always less than 10%, and 
the plot of titre against time was always 
effectively straight. The reaction velocity 
was taken from the slope of this line, and 
the catalyst concentration was taken as the 
mean of the initial and final values. 

In 95% acetone the reaction with bromine 
did not go quite to completion, and the plots 
of titre against time were curved. The 
velocities given were taken from the initial 
slopes of these plots, but are much less 3 
accurate than those in 90-9% acetone. Since yw 
a chauge in the proportion of acetone from 8& 
90:9% to 95% results in an increase in 
velocity of about 70%, the velocity is not 
unduly sensitive to the water concentration 2 
in this range. 

Resulis.—In Table II, c is the mean 
catalyst concentration in g.-mols./1000 g. of 
solution, and v is the reaction velocity 
expressed as g.-mols. of bromine reacting per 
1000 g. of solution per minute. The equations 
used for obtaining the calculated values of 
v are given at the foot of each section of the 4 
table. In one experiment at — 40° (marked 100 c. 

*) the glass surface was increased about 

6-fold by packing the reaction vessel with capillary tubes. The resultant increase in velocity 
(5%) is within the probable experimental error, and there can thus be no appreciable 
heterogeneous reaction. 








4 




















DISCUSSION. 


Fig. 2 shows a plot of reaction velocity against catalyst concentration for both 
hydrogen bromide and hydrogen chloride in 90-9% acetone at — 20-6°. It will be seen 
that the two curves approach one another in dilute solutions, but that in the former case 
the velocity is nearly proportional to the catalyst concentration, whereas in the latter 
case it increases much more rapidly. We attribute this large difference between the two 
acids to the fact that hydrogen bromide is effectively completely dissociated at the con- 
centrations in question, while the hydrogen chloride solutions contain an appreciable 
amount of undissociated acid, which is a more powerful catalyst than an equivalent 
concentration of hydrogen ions. In passing from hydrogen chloride to hydrogen bromide, 
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the increase in the catalytic power of the undissociated molecules will be more than 
compensated by the decrease in their concentration, so that their relative effect becomes 
smaller. Such a difference between these two acids is to be anticipated on theoretical 
grounds, and has been observed in other reactions (cf. Bell and Burnett, Trans. Faraday 
Soc., 1939, 35, 474). 

All the remaining experiments were therefore carried out with hydrogen bromide as 
catalyst. With this acid there is a slight increase of catalytic power with concentration 
which may be due either to catalysis by a very small concentration of undissociated 
molecules, or to a salt effect. The latter explanation is more probable, since the results 
in 95% acetone (though less accurate) do not indicate any accentuation of this effect. 
In 90-9% acetone the results can be expressed within the limits of experimental accuracy 
by assuming that at all temperatures v/c increases linearly by 15% between c = 0 and 
c =0-1n: this is shown by the agreement between the observed and the calculated 
values of v in Table II. 

The values of v/c at infinite dilution obtained in this way obey the Arrhenius equation 
very accurately, as is shown in the following table, where the observed values of v,/c are 
compared with those calculated from the equation vg/c = 101528 ¢~19,900/R7, 


HBr in 90-9% acetone. 
+10-1° 0-0° —11-3° — 20-6° — 29-8° — 40-0° 
. 80x 10° 216 x 10% 450x10* 106x110“ 260x 10° 4-00 x 10° 
a/c (calc.) ... 8-0 x 10° 219 x 10° 447 x10* %4110x10* 245x105 403 x 10° 


There is thus no indication that the “ tunnel effect ’’ plays any appreciable réle in 
this reaction. The prototropic change concerned involves the movement of a proton 
between an oxygen atom and a carbon atom. If these two atoms approach to within 
3-0—3-5 A. (the normal distance for non-bonded atoms), then the proton moves through 
a distance of 1—1-5 A. Calculations for potential barriers of this width (Bell, Proc. Roy. 
Soc., 1935, A, 148, 241) indicate that with an activation energy of 20,000 cals. devjations 
from classical behaviour should certainly be large at temperatures below — a, and 
probably at higher temperatures. This conclusion appears to be contradicted by the 
present experimental results. However, it must be remembered that the acid-catalysed 


prototropy of acetone takes place in two steps, viz., 
CH,°CO-CH, + H,O* == CH,°C(OH*)-CH, + H,O —> CH,:C(OH)-CH,; + H,0* 


and that the first of these steps represents an equilibrium, the rate being determined by 
the second step (cf. Pedersen, Trans. Faraday Soc., 1938, 34, 243; Bonhoeffer and Reitz, 
Z. physikal. Chem., 1937, A, 179, 135). A considerable proportion of the measured 
activation energy will be associated with this equilibrium, and any non-classical transfer 
can, of course, only affect the second step: hence the deviations from classical behaviour 
may be undetectable. 

It is noteworthy that the activation energy found in the present work, 19,900 cals. in 
90-9% acetone, is very close to the value of 20,700 cals. found by Smith (J., 1934, 1744) 
for hydrogen-ion catalysis in the iodination of acetone in aqueous solution. The data for 
95% acetone are much less accurate, but lead to substantially the same value (22,000 + 
3000). Since the catalyst has a single positive charge, the proton transfers concerned do 
not involve a change in the total number of charges, and thus would not be greatly 
affected by a change in medium. 


PuysicaL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, August 22nd, 1939.] 
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334. fottlerin. Part IV. 
By ALEXANDER McGOOKIN, ALEXANDER ROBERTSON, and Eric TITTENSOR. 


The fact that neither 5 : 7-dihydroxy-6- nor 5 : 7-dihydroxy-8-8-phenylpropiony]l- 
chroman is identical with octahydrorottlerone (Part ITI, Joc. cit.), referred to in Parts I 
and II (Joc. cit.) as tetrahydrorottlerone, led to a re-investigation of this substance. 
Whilst fission of octahydrorottlerone with hot concentrated alkali gave results identical 
with those previously recorded (Part II), the use of more dilute alkali has now been 
found to yield the keto-chroman (III). This behaviour, and the absence of C-methyl- 
phloroglucinol derivatives in the hydrolysate together with the conversion of tetra- 
hydrorottlerin into the diphenylmethane (I, R = H) and octahydrorottlerone, sug- 
gested that the latter had the structure type (II, R = H), which is in good agreement 
with the analytical results of the substance and its derivatives. This conclusion was 
confirmed by the synthesis of octahydrorottlerone from the keto-chroman (III) and 
formaldehyde. The structure of (I, R = H), which was arrived at by analysis and 
degradation, was also confirmed by its synthesis from C-methylphloracetophenone. 

Re-investigation of a considerable number of rottlerin derivatives did not serve to 
distinguish between the empirical formule C,,H,,0, and C,,H,,O, for rottlerin, but 
the results of molecular-weight determinations appear to exclude formule based on 
Ceo Or Cgg which might be expected on the basis of the simultaneous formation of 
(I, R =H) and (II, R = H) from tetrahydrorottlerin. The isolation of the azo- 
derivative (IX) from the latter by Boehm’s reaction confirms the presence of the 
C-methylphloracetophenone residue in rottlerin. This residue is joined to the rest of 
the molecule by a methylene group and hence in view of the new orientation of octa- 
hydrorottlerone the structures of rottlerin and its tetrahydro-derivative are now 
regarded as being (VI, R = H) and (VII, R = H) respectively. Consideration of all 
the available evidence disproves the view that rottlerin contains a lactone group. 


S1ncE the hydrogenation product of rottlerone, hitherto referred to as tetra- but now shown 
to be octa-hydrorottlerone, had been found to yield only $-phenylpropionic acid and 
5 : 7-dihydroxy-2 : 2-dimethylchroman on hydrolysis with concentrated alkali, it was 
concluded in Part II (J., 1938, 309) that this compound had the structure (ITI) or (IIIa), 
the latter of which was preferred on account of the insolubility of both rottlerone and its 
hydrogenation derivative in dilute aqueous sodium hydroxide. When it was subsequently 
found that octahydrorottlerone was not identical with either of the synthetical ketones 
(III) and (IIIa) (Part III, this vol., p. 1257), a re-investigation of this compound and its 
derivatives was undertaken. In the course of an examination of the methyl ether of 
octahydrorottlerone we found that the results obtained in molecular-weight determinations 
were consistently much higher than that demanded by the formula C,,.H,,0, for rottlerone. 
Further, the nitrogen values obtained for the oxime of this ether and the analytical results 
for a reduction product of perhydrorottlerone methyl ether (unpublished work) could not 
be explained on the basis of this empirical formula. An extensive investigation of the 
hydrolytic fission of octahydrorottlerone was then carried out, but, under the conditions 
previously employed, only 5 : 7-dihydroxy-2 : 2-dimethylchroman and §-phenylpropionic 
acid were obtained and a careful search amongst the neutral residues failed to reveal the 
presence of even traces of a C-methylphloroglucinol derivative, which might have been 
expected on the basis of the structure type (VI, R = H) proposed in Part II for rottlerin. 
When, however, the hydrolysis of octahydrorottlerone was carried out under less drastic 
conditions, viz., by heating the compound with 10% aqueous alcoholic sodium hydroxide 
on the water-bath, a small yield of the keto-chroman (III), identical in every way with an 
authentic specimen, was obtained; by the use of zinc dust in the hydrolysis this yield 
was somewhat increased, but the formation of resinous impurities could not be avoided. 
The production of (III) in this manner and the absence of C-methylphloroglucinol deriva- 
tives in the hydrolysate, along with the results of molecular-weight determinations on 
octahydrorottlerone methyl ether, suggested the possibility that octahydrorottlerone was 
composed of two keto-chroman units, ¢.g., either a chromanyl-chroman or a dichromany]l- 
methane of the type (II). Because the conditions of hydrolysis employed for the production 
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of (III) were somewhat similar to those used by Boehm (Annalen, 1901, 318, 230; 1903, 
829, 269) for the scission of polyhydroxy-keto-diphenylmethanes, the latter possibility 
appeared to be the more feasible, a view which also appeared to be supported by the fact 
that on being boiled with acetic acid tetrahydrorottlerin gave rise to a mixture of 
2:4:6:2':4' : 6'-hexahydroxy-5 : 5'-diacetyl-3 : 3'-dimethyldiphenylmethane (I, R =H) 
and octahydrorottlerone (compare Brockmann and Maier, Amnalen, 1938, 535, 149). 
Consequently, having found in a model experiment that the interaction of 5 : 7-dihydroxy- 
8-acetyl-2 : 2-dimethylchroman and formaldehyde in alcoholic sulphuric acid gave rise 
to an almost theoretical yield of 5:7: 5’: 7'-tetrahydroxy-8 : 8'-diacetyl-2 : 2:2’ : 2’- 
tetramethyl-6 : 6'-dichromanylmethane and did not involve the extrusion of the acyl group, 
we effected the synthesis of (II, R = H) by this method from both synthetical and natural 
specimens of the keto-chroman (III). A detailed comparison of (II, R = H) and natural 
octahydrorottlerone showed that they possessed identical properties, including the in- 
solubility in dilute aqueous sodium hydroxide which is characteristic of rottlerone and 
its hydrogenation products. Consequently, the acetate and methyl ether which have 
been referred to in Parts I and II (loc. cit.) as the diacetate and dimethyl ether of tetra- 
hydrorottlerone respectively are clearly the tetra-acetate (II, R = Ac) and the tetra- 
methyl ether (II, R = Me) of octahydrorottlerone and the oxime (Part I) of the latter is 
therefore the dioxime, with which the analytical results are in agreement. Since octa- 
hydrorottlerone can be obtained from rottlerin by way of tetrahydrorottlerin and from 
rottlerone, the latter substance is a dichromenylmethane represented by the expression 
(VIII, R = H) and in agreement with this view it has been found that on methylation 
by the potassium carbonate-methyl sulphate method (George and Robertson, J., 1937, 
1535) rottlerone gives rise to the tetramethyl ether (VIII, R = Me), which on hydrogenation 
with a palladium-charcoal catalyst furnishes O-tetramethyloctahydrorottlerone. 


O-[CH,],"Ph CO-[CHg]*Ph 
ma ei ale Hg), 
R R R Me, OR R Me, 
Hy CO-CH,; H.C CH; H, 
R OR Hy R CH, 


CO-[CH,],"Ph PhCH,CH—CO Ph-CH,.CH—CH;—CH-CH,Ph 


- CH, ¢o 0 
H M 
H. rer OG a5 
H CH, OH a A 6 
(v.) 


(III) (IIIa.) (IV.) 


With regard to the synthesis of octahydrorottlerone (II, R = H) and the analogue 
having an acetyl group in the 8-position it is conceivable, owing to the presence of the 
*CH,°CO group in the keto-chroman (type III), that the reaction might have taken an 
alternative route, viz., the formaldehyde might have reacted with the methylene in the 
a-position to the carbonyl group, giving either the chromano-dihydro-y-pyrone type (IV) 
or the bimolecular type (V). The former possibility is not supported by the analytical 
results and appears to be unlikely because attempts in this laboratory (unpublished work) 
to effect the synthesis of analogous, less complex tsoflavanones from o-hydroxyphenaceto- 
phenones by this method have so far failed. Further, although on account of the in- 
stability of the chromanone system in the presence of alkaline reagents (IV) would in all 
probability give rise to a dimethyl ether, in the present instance the analyses and pro- 
perties of O-tetramethyloctahydrorottlerone entirely exclude this possibility. With 
regard to the second alternative, this structure (V) is excluded by the results of alkaline 
fission, because a substance having formula (V) would be expected to give ay-dibenzyl- 
glutaric acid and not 6-phenylpropionic acid or the keto-chroman (III). 

The structure of the diphenylmethane (I, R = H) obtained along with octahydro- 
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rottlerone by the action of hot acetic acid on tetrahydrorottlerin was established as follows : 
The compound was phenolic, having a strong ferric reaction, and, since C-methylphloro- 
glucinol is formed in small amount when the rottlerone change is effected with alkali, 
it seemed likely to be a phloroglucinol derivative. On methylation by the potassium 
carbonate-methyl sulphate method the phenol gave a methyl ether, insoluble in aqueous 
sodium hydroxide and having a negative ferric reaction. The analytical results obtained 
for the parent compound and its ether were in close agreement with the empirical formule 
C,4H,,0, (forming a pentamethyl ether) and C,sH,,O, (hexamethyl ether) and of these 
alternatives the latter agreed better with the results of molecular-weight determinations. 
The former possibility appeared to be finally excluded when it was found that on treat- 
ment with diazoaminobenzene the parent phenol gave rise to 2 : 4 : 6-trihydroxy-5-acetyl- 
3-methylazobenzene, identified by comparison with an authentic sample. In consequence, 
therefore, it seemed that the new phenol had the structure (I, R = H) and this conclusion 
was ultimately confirmed by the synthesis of the compound by the interaction of 
C-methylphloracetophenone and formaldehyde in alcoholic sulphuric acid. 

With regard to the objections raised by Ray and his collaborators (J. Indian Chem. 
Soc., 1938, 15, 393) to the earlier structure (IIIa) for rottlerone it may be noted, since the 
new structure retains this type of unit, that the hydroxy-ketone (III) and its isomeride, 
5 : 7-dihydroxy-6-8-phenylpropionyl-2 : 2-dimethylchroman, do not appear to react with 
carbonyl reagents (Part III, Joc. cit.). The ethers of these ketones, however, can be 
oximated on prolonged treatment and under similar conditions O-tetramethyloctahydro- 
rottlerone forms the dioxime (Part I, Joc. cit., and present paper). Though so far we have 
been unable to determine the conditions required for the cyclisation of rottlerone and the 
isolation of the resulting pure dihydro-y-pyrone derivative (e.g., by boiling with acetic 
acid an amorphous yellow product was formed), it must be observed that under the usual 
conditions whereby this change is generally effected (with acidic or alkaline reagents) the 
chromen system would not be expected to be stable, and, further, the reaction is normally 
a reversible one. 

In Part I (J., 1937, 748) the empirical formula C,,H390, proposed by Perkin (J., 1895, 
67, 230) was provisionally adopted for rottlerin, but it was clearly recognised at that stage 
that the analytical results were in reasonably good agreement with other possible formule, 
including C,,H3,0,, put forward by Hoffmann and Fari (Arch. Pharm., 1933, 271, 97), 
and C,,H,,0, adopted in Part II (J., 1938, 309). At the same time the difficulty of arriving 
at a final decision on this question from the results of analysis and molecular-weight deter- 
minations was clearly appreciated, a conclusion which has also been expressed by Brock- 
mann and Maier (loc. cit.), who have adopted the empirical formula C,,H,,0,. “Ray and 
his collaborators (J. Indian Chem. Soc., 1938, 15, 393; Current Science, 1938, 6, 333; J. 
Soc. Chem. Ind., 1938, 57, 134), however, maintain that rottlerin has the empirical formula 
C3;H 390g of Hoffmann and Fari. On account of these conflicting views and because on 
the basis of the new structure now deduced from synthetical evidence for rottlerone it 
seemed feasible that rottlerin might possibly have approximately a C,,- or a Cgg-empirical 
formula we have re-investigated a considerable number of rottlerin derivatives, but, though 
formulz of the latter type appear to be excluded, our analytical results in themselves do 
not serve to distinguish between the formule C,,H,,0, and C;,H;,0,. However, the 
structural formula (VI, R = H) which is now decided on for rottlerin and which accounts 
for its derivatives and degradation products definitely excludes the empirical formula 
Cs,H 90g, Since the extra CH,-group which it implies cannot be accounted for. 

The formation of C-methylphloroglucinol in small quantity in the conversion of rottlerin 
and tetrahydrorottlerin into rottlerone and its octahydro-derivative respectively (Part I, 
loc. cit.) indicated that the rottlerin molecule contains a C-methylphloroglucinol residue 
and in our opinion the production of 2: 4: 6-trihydroxy-5-acetyl-3-methylazobenzene 
(IX) according to Boehm’s method (Brockmann and Maier, Joc. cit.) affords substantial 
proof that this residue is present as a C-methylphloracetophenone unit attached to the rest 
of the molecule by a methylene group as in formula (VI, R =H). Ray and his co-workers 
(loc. cit.), who appear to have overlooked the nature of Boehm’s reaction, maintain that 
the azo-compound is formed as the result of a deep-seated change in the rottlerin molecule 
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which involves the unsaturated centre of the chromen system. The formation of the same 
azo-derivative (IX), however, from tetrahydrorottlerin (present work, also carried out 
independently by Dr. Brockmann, private communication) and from perhydrorottlerin, 
where in both cases the ethylenic linkage of the chromen system is absent, clearly confirms 
the nature and mode of attachment of the C-methylphloroglucinol residue. In this con- 
nexion also we have examined the behaviour of the di- and penta-methy] ethers of rottlerin 
and tetrahydrorottlerin towards warm alcoholic diazoaminobenzene and, as would be 
expected from the suppression of the hydroxyl groups in these compounds by methylation, 
we were unable to obtain an azo-compound. 






CO-CH:CHPh O-[CHg]_"Ph 
Me Me 
R R R Me, R R Me, 
CH,C Hy We: | CH,°CO H, H, 
R OR CH R R CH, 


(VI.) (VII.) 
O-CH:CHPh CO-CH:CHPh 





Me 
(VIII.) 
“hn out H. CHyCO ‘NPh sed 
AY UR H 
Gr—CHy¢r 
2 P—CH,—P—R—Cr—CH,—Cr (xa) 
OO 


Whilst affording confirmatory evidence regarding the existence of a C-methylphlor- 
acetophenone residue in rottlerin and its tetrahydro-derivative arrived at by Boehm’s 
reaction, the conversion of tetrahydrorottlerin into a mixture of (I, R = H) and (II, 
R = H) by the acetic acid method would appear to lead to the view that both the latter 
units were present as such in the tetrahydrorottlerin molecule, thereby implying an em- 
pirical formula based on Cg, or Ceg at least, more especially in view of the fact that when 
allowance is made for unchanged material, the yield of octahydrorottlerone, as far as can 
be judged in a reaction of this type, is almost quantitative. Nevertheless the molecular- 
weight determinations on rottlerin and tetrahydrorottlerin and their ethers (Brockmann 
and Maier, loc. cit., and present work) appear definitely to exclude this possibility, and 
therefore, on the available evidence, structures of the type (X or Xa, where Cr indicates 
the keto-chroman and P the C-methylphloracetophenone unit) need not be discussed at 
present. Consequently, taking into consideration the orientation of the 5 : 7-dihydroxy- 
8-8-phenylpropionyl-2 : 2-dimethylchroman residue now established in octahydrorottlerone 
(II, R =H), we consider that tetrahydrorottlerin is represented by the expression (VII, 
R = H) and the penta-acetate and pentamethy] ether by (VII, R = Ac) and (VII, R = Me) 
respectively. On this view rottlerin is represented by formula (VI, R = H) and not by 
the alternative orientation preferred in Part II (loc. cit.). Further, it would appear that 
the formation of (I, R = H) and (II, R == H) by the acetic acid method arises by a dis- 
proportionation of the molecule initiated by scission alternately at the dotted lines of 
formula (VII, R =H) according to the scheme 2(R°CH,°R’) > CH,R, + CH,R’s. A 
similar type of reaction presumably takes place when rottlerin and tetrahydrorottlerin 
are warmed with alkali, but in this case, since the characteristically insoluble hydroxy- 
diphenylmethane (I, R = H) has never been encountered in detectable quantities, the 
conditions would not appear to be favourable to the union of the two unsymmetrical 
precursors of (I, R =H). In connection with the suggested explanation of the rottlerone 
change it may be noted that from the work of Boehm (loc. ci.) on the alkaline fission of 
polyhydroxydiphenylmethanes derived from phloroglucinol and its derivatives the 
methylene linking in (VI, R = H) and (VII, R = H) is clearly unstable, owing in all 
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probability to the exceptional reactivity of the phloroglucinol nucleus and its ability to 
react in tautomeric forms. 

With regard to the structure of rottlerin, Ray and his co-workers (loc. cit.) maintain 
that this compound contains a lactone group and also state that in the conversion of tetra- 
hydrorottlerin into octahydrorottlerone by hot alcoholic hydrochloric acid an acidic 
substance is formed which apparently is an intermediate product in the rottlerone change. 
We have repeated the experiments described by the Indian workers’ and, though our 
examination of the complex mixture of by-products formed along with octahydrorottlerone 
is not yet complete, it may be stated that, if the experiment is stopped after 8 hours, as 
these authors describe, the insoluble product appears to consist only of octahydrorottlerone 
along with unchanged tetrahydrorottlerin, which in a finely divided or gelatinous state we 
have observed to be soluble in aqueous sodium bicarbonate, ¢.g., if tetrahydrorottlerin is 
thrown down as a voluminous colloidal precipitate by the addition of much water to an 
alcoholic solution, this precipitate readily dissolves in aqueous sodium bicarbonate; the 
keto-chroman (III) behaves in the same manner. The presence of a lactone group in 
rottlerin and its derivatives is also excluded by the stability of the pentamethyl ethers of 
rottlerin and of tetrahydrorottlerin in boiling alcoholic sodium hydroxide. In this con- 
nexion it may be noted that the pentamethylrottlerin (VI, R = Me), m. p. 142°, which 
has been obtained by Brockmann and Maier (loc. cit.) and by us and is insoluble in aqueous 
sodium hydroxide, does not appear to be identical with the material described by Ray 
and his co-workers (J., 1937, 1864). Like the dimethyl ethers of rottlerin and tetra- 
hydrorottlerin the product, m. p. 144°, described by the latter authors seems to be soluble 
in 8% aqueous sodium hydroxide, because they describe its oxidation in solution in 
this medium (1 g. in 20 c.c. of 8% aqueous sodium hydroxide). 

Though our investigations on perhydrorottlerin and perhydrorottlerone are not yet 
completed, it may be stated that we now regard these compounds as having structures 
analogous to tetrahydrorottlerin (VII, R =H) and octahydrorottlerone (II, R = H) 
respectively, in which the phenyl group of the 6-phenylpropiony] residue is replaced by a 
cyclohexyl radical. 


EXPERIMENTAL. 


Rottlerin Methyl Ethers.—Prepared from Kamala according to the procedure described in 
Part I (loc. cit.), rottlerin has been found invariably to have m. p. 212° (uncorrected), remaining 
unchanged after having been kept for 4 years, and gave the penta-acetate (VI, R = Ac), m. p. 
213° [Found: C, 66-1; H, 5-3; CH,°CO, 34:7. Calc. for Cs,H,,0,(CH;°CO),: C, 66-1; H, 
5-2; CH,°CO, 29-6%] (Brockmann and Maier, and Ray and his co-workers respectively give 
m. p. 202° and 209° for rottlerin). 

Methylation of rottlerin (2-6 g.) with methyl sulphate (10 c.c.) and potassium carbonate 
(20 g.) in boiling acetone (100 c.c.) was complete in 2}—3 hours and after the addition of water 
(300 c.c.) the mixture was kept for 24 hours. The yellow resinous product was washed with a 
little methyl alcohol, and crystallised twice from light petroleum (b. p. 60—80°), then from 
aqueous methyl alcohol, and finally from light petroleum, giving O-pentamethylrottlerin (VI, 
R = Me) in colourless prisms, (1 g.), m. p. 142°, having a negative ferric reaction [Found : 
C, 71-7; H, 6:5; OMe, 26-1; M (Rast), 553. Calc. for Cy,H,,0,;(OMe),: C, 71-7; H, 6-5; 
OMe, 26:5%; M, 586]. This compound is precipitated from a hot alcoholic solution by the 
addition of excess of warm aqueous sodium hydroxide and, after having been boiled with 10% 
aqueous alcoholic sodium hydroxide for 5 hours, is recovered as an alkali-insoluble brown solid 
which on purification from light petroleum forms prisms, m. p. 142°. 

A slight excess of ethereal diazomethane was slowly added to pure rottlerin (1 g.) suspended 
in dry acetone (10 c.c.) (agitate), and the mixture kept at 0° until a pale red solution was obtained. 
The dimethyl ether, which quickly began to separate, was collected 24 hours later and repeatedly 
crystallised from chloroform—metbyl alcohol, forming pale yellow, rectangular prisms, m. p. 
254° [Found: C, 70-5; H, 6-0; OMe, 10-7. Calc. for Cs,H,,0,(OMe),: C, 70-6; H, 5-9; 
OMe, 11-4%] (compare Brockmann and Maier, who give m. p. 245—246°). 

Tetrahydrorottlerin.—Prepared by the method described in Part I, this substance invariably 
had m. p. 215° (Found: C, 69-2, 69-2; H, 6-3, 6°4. Calc. for Cy5H,,0,: C, 69-2; H, 6-2%) 
(Brockmann and Maier and Ray and co-workers give m. p. 211° and 212° respectively) and gave 
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the penta-acetate (VII, R = Ac), m. p. 188° (Found: C, 65-5; H, 5-7. Cale. for CygH,,0,, : 
C, 65:7; H, 58%). 

Methylation of tetrahydrorottlerin (2-5 g.) with methyl sulphate by the procedure employed 
for rottlerin gave a semi-solid, which was washed, dried, and extracted with boiling light 
petroleum (b. p. 40—60°). On cooling, the concentrated extract deposited the pentamethyl 
ether (VII, R = Me) in colourless short stout prisms (2 g.), m. p. 109° after repeated crystal- 
lisation from the same solvent [Found: C, 71-5, 71-5; H, 7-1, 7-2; OMe, 26-1. Calc. for 
CypH,,O,(OMe),: C, 71-2; H, 7-1; OMe, 26-3%]. Alternatively, the crude product was washed 
with the minimum amount of carbon tetrachloride, and the residual ether then purified from 
light petroleum. The behaviour of this compound towards ferric chloride and hot alkalis is 
identical with that of O-pentamethylrottlerin. An almost theoretical yield of the same ether 
was obtained by the hydrogenation of O-pentamethylrottlerin (5 g.), dissolved in absolute ethyl 
acetate, with a palladium—charcoal catalyst (from 0-2 g. of palladium chloride and 2 g. of 
charcoal) with hydrogen at 30 Ib./sq. in.; m. p. 109° after purification from aqueous alcohol 
and then light petroleum (Found: C, 71-3, 71-3; H, 7-2, 7-1; OMe, 26-3, 26-1%). 

Methylation of tetrahydrorottlerin (1 g.), suspended in acetone (10 c.c.), was effected with a 
slight excess of ethereal diazomethane at 0° and then at room temperature for 18 hours, and 
the solvent allowed to evaporate spontaneously. Crystallisation of the residual product (wash 
with a little cold methyl alcohol) from acetone—methyl alcohol gave a mixture, m. p. 147°, 
consisting of pale yellow and pale greenish crystals, which, as they appeared to have similar 
solubilities, were separated manually. Purification of the pale yellow material from acetone— 
methy] alcohol, benzene, and finally alcohol gave O-dimethyltetrahydrorottlerin in pale greenish- 
yellow prisms, m. p. 192°, having a greenish-brown ferric reaction [Found: C, 70-1; H, 6-6; 
OMe, 10-8. Calc. for Cy,H3,0,(OMe),: C, 70-0; H, 6-6; OMe, 11-3%]. Crystallisation of 
the pale green material from acetone—methyl alcohol and then alcohol gave a compound in 
bright yellow prisms, m. p. 153°, which appears to be a trimethyl ether of tetrahydrorottlerin 
[Found : C, 70-3; H, 6-9; OMe, 17:5. Cz 9H,,0;(OMe), requires C, 70-5; H, 6-7; OMe, 16-6%]. 
This derivative is readily soluble in acetone or aqueous sodium hydroxide and gives a green 
ferric reaction. A mixture of the two compounds melted at about 147° (compare Brockmann 
and Maier, loc. cit., who obtained only the dimethyl ether). 

Hydrogenation of O-dimethylrottlerin (2 g.), suspended in absolute acetone (150 c.c.), was 
effected with hydrogen at 10 lb./sq. in. and a palladium—charcoal catalyst (from 1 g. of charcoal 
and 0-2 g. of palladium chloride) during 3 hours, giving a good yield of tetrahydrorottlerin 
dimethyl ether, m. p. and mixed m. p. 192° after purification from acetone—methyl alcohol and 
then benzene. 

When a hot solution of pure diazoaminobenzene (1 g.), m. p. 98-5°, in alcohol (10 c.c.) was 
added to a suspension of tetrahydrorottlerin (1 g.) in boiling alcohol (40 c.c.), and the mixture 
refluxed for 5 minutes, a deep crimson-red solution was obtained which on cooling deposited 
dark red crystals in about 1 hour. Recrystallisation of the latter from acetic acid and then 
alcohol gave 2: 4: 6-trihydroxy-5-acetyl-3-methylazobenzene (IX) in red plates (0-3 g.), m. p. 
202°, unchanged on repeated crystallisation from ethyl acetate and identical in every way with 
an authentic specimen, m. p. 202°, prepared from C-methylphloracetophenone (Found: N, 
9-8. Calc. for C,;;H,,0O,N,: N, 9-8%) (Brockmann and Maier, Joc. cit., give m. p. 206°). The 
same azo-compound was prepared from rottlerin by the method of Brockmann and Maier and 
by the following modification: Boiling solutions of rottlerin (2 g.) and diazoaminobenzene 
(2 g.) in 200 c.c. and 50 c.c. of alcohol respectively were mixed and, on allowing part of the 
alcohol to evaporate spontaneously, dark red crystals (0-9 g.) of impure product separated. 
Recrystallisation of this material from acetic acid, light petroleum (b. p. 60—80°), and finally 
alcohol gave the compound in red plates, m. p. 202°, unchanged on recrystallisation from ethyl 
acetate (Found: N, 9-6%). 

O-Tetramethylrottlerone (VIII, R = Me).—Rottlerone (5 g.) (Part II, loc. cit.) was methylated 
with methyl sulphate (20 c.c.) and potassium carbonate (40 g.) in boiling acetone during 1} 
hours, and the mixture treated with excess of water; 24 hours later the resinous product was 
collected, dried, washed with a little carbon tetrachloride, and crystallised from light petroleum 
(b. p. 60—80°) and then aqueous alcohol, giving the ether in faintly yellow, squat prisms (1-4 g.), 
m. p. 136° [Found: C, 75-8; H, 6:2; OMe, 17:3. C,,H;,0,(OMe), requires C, 75-8; H, 6-2; 
OMe, 17:4%]. This compound is insoluble in aqueous sodium hydroxide and has a negative 
ferric reaction. On hydrogenation it gave O-tetramethyloctahydrorottlerone, m. p. 100°, 
undepressed on admixture with an authentic sample. 

Octahydrorottlerone (II, R = H).—Prepared according to Part I (loc. cit.), this compound 
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had m. p. 173° [Found (mean of eight analyses): C, 73-9; H, 6-5. Calc. for C,,H,O,: C, 
74-1; H, 66%]. Acetylation of octahydrorottlerone by the pyridine method gave the tetra- 
acetate, which had m. p. 215° after having been crystallised from acetic acid—alcohol and then 
acetone—alcohol (Found: C, 70-7; H, 6-4. Calc. for C,H,,0,,: C, 70-7; H, 6-3%). 

Methylation of octahydrorottlerone (1 g.) with methyl sulphate (5 c.c.) and potassium 
carbonate (10 g.) in boiling acetone (50 c.c.), with the addition of more sulphate (2-5 c.c.) and 
more carbonate (5 g.) after 2 hours, was complete in about 4 hours; on isolation the tetramethyl 
ether (II, R = Me) was purified by repeated crystallisation from aqueous alcohol and from light 
petroleum, forming colourless prisms (0-9 g.), m. p. 102° [Found: C, 75-0; H, 7-3; OMe, 17-3, 
17-4; M (Rast), 604. Calc. for Cy,HyO,(OMe),: C, 75-0; H, 7-2; OMe, 17-2%; M, 720]. 
The product of oximation, m. p. 204—205°, is the dioxime (Found: C, 72-1; H, 7:3; N, 40. 
Calc. for C,;H,,0,N,: C, 72-0; H, 7-2; N, 3-7%. Cale. for C,;H,;,0,N : C, 73:5; H, 7-2; N, 
1-9%). 

Action of Boiling Acetic Acid on Tetrahydrorottlerin.—A solution of tetrahydrorottlerin 
(2 g.) in acetic acid (90 c.c.) and water (10 c.c.) was refluxed for 12 hours, during which a small 
amount of a light yellow solid gradually separated; this was removed from the hot solution, 
extracted with boiling acetone (20 c.c.), and crystallised from dioxan, giving 2: 4:6: 2’: 4’: 6’- 
hexahydvoxy-65 : 5'-diacetyl-3 : 3'-dimethyldiphenyimethane (I, R = H) in light yellow microscopic 
prisms, m. p. 291° (decomp.), very sparingly soluble in all the usual organic solvents except hot 
dioxan (moderately soluble) and hot acetone (sparingly soluble), soluble in aqueous sodium 
hydroxide and insoluble in aqueous sodium bicarbonate; it gave a red-brown coloration with 
alcoholic ferric chloride [Found (mean of four analyses): C, 60-5; H, 5-4. Cy 9H, gO, requires 
C, 60-6; H, 5-3. C,,H,,0, requires C, 60-4; H, 5-0%]. 

On being kept for 48 hours, the acetic acid liquor left on separation of the foregoing com- 
pound gradually deposited octahydrorottlerone, which formed yellow plates, m. p, 173°, from 
alcohol, identical in every way with an authentic specimen. Evaporation of the acetic acid 
filtrate from the crude octahydrorottlerone in a vacuum left a brownish resinous mass, which 
was treated with cold methyl alcohol (15—20 c.c.). Next day the undissolved solid, consisting 
of moderately pure, unchanged tetrahydrorottlerin, was collected, m. p. 215° after crystallisation 
from hot alcohol, identified by comparison with an authentic specimen. When the material 
left on evaporation of the methyl-alcoholic washings was treated with a little benzene, a further 
small amount of tetrahydrorottlerin was left undissolved, but crystalline material could not 
be obtained from the benzene-soluble residue. This degradation was repeated a considerable 
number of times and the yields from 2 g. of tetrahydrorottlerin in a typical experiment were 
diphenylmethane derivative (I, R = H), 0-2 g.; octahydrorottlerone (II, R =H), 0-7 g.; 
unchanged tetrahydrorottlerin, 0-7 g.; amorphous material, 0-3 g. Allowing for 0-7 g. of un- 
changed material, the theoretical yields of (I, R = H) and (II, R = H) respectively are 0-47 g. 
and 0-83 g. Approximately the same results were obtained when absolute acetic acid was used 
as the solvent. 

On being heated with methyl sulphate (3-5 c.c.), potassium carbonate (10 g.), and acetone 
(50 c.c.) on the steam-bath, the hydroxydiphenylmethane derivative (I, R = H) (0-7 g.), m. p. 
291°, slowly dissolved and after 2 hours water (200 c.c.) was added. 48 Hours later the pre- 
cipitate was isolated with ether and dissolved in excess of warm light petroleum (b. p. 40—60°). 
On spontaneous evaporation of the solvent the solution slowly deposited the hexamethyl ether 
(I, R = Me) in colourless prisms, m. p. 103° after having been recrystallised from light petroleum, 
aqueous alcohol, and finally light petroleum [Found : C, 65-3; H, 7-1; OMe, 41-1; M (Rast), 
433, 464. C,,H,,0,(OMe), requires C, 65-2; H, 7-0; OMe, 40-3%; M, 460. C,,H,O(OMe), 
requires C, 65-5; H, 6-9; OMe, 44-3%; M, 350]. This compound, which has a negative ferric 
reaction, is readily soluble in benzene, acetone, or alcohol and insoluble in aqueous sodium 
hydroxide. 

When diazoaminobenzene (0-3 g.) was added to boiling alcohol (20 c.c.) containing a suspen- 
sion of the hydroxydiphenylmethane compound (0:3 g.), the solid dissolved and the solution 
rapidly became dark red. On cooling, 2: 4: 6-trihydroxy-5-acetyl-3-methylazobenzene (IX) 
gradually separated in dark red prisms, which on recrystallisation from alcohol and then ethyl 
acetate formed red pilates, m. p. 202°, undepressed by admixture with an authentic specimen 
(Found: N, 9-5%). 

Hydrolytic Fission of Octahydrorottlerone.—A mixture of this compound (1 g.), 20% aqueous 
sodium hydroxide (10 c.c.), alcohol (10 c.c.), and zinc dust (1 g.) was heated in nitrogen on the 
water-bath for 3 hours and after the removal of the zinc (wash with a little alcohol) the filtrate 
and washings were combined and diluted with water (200 c.c.). No precipitate appeared at 
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this stage, but in experiments where more dilute alkali was employed or the period of refluxing 
was considerably reduced a precipitate of unchanged octahydrorottlerone generally separated 
on the addition of water. The aqueous alcoholic liquors were saturated with carbon dioxide 
and 24 hours later the resulting precipitate was collected, washed, dried, and extracted with 
boiling light petroleum (b. p. 40—60°) (6 x 200 c.c.), leaving a small amount of brown resin. 
The volume of the combined extracts was reduced to about 200 c.c. by distillation and on being 
kept the residue slowly deposited a pale yellow solid (0-1 g.), m. p. 162°, which on recrystallisation 
from benzene-—light petroleum (b. p. 40—60°), aqueous methyl alcohol, and finally aqueous 
alcohol gave 56: 7-dihydroxy-8-$-phenylpropionyl-2 : 2-dimethylchroman (III), m. p. 171°, 
identical in every way with a synthetical specimen (Part III, Joc. cit.) (Found: C, 73-8; H, 6-9. 
Calc. for Cy5H,,0,: C, 73-6; H, 68%). Concentration of the light petroleum filtrate from the 
crude ketone by spontaneous evaporation gave a small amount of this substance accompanied 
by much light brown resinous material. 

The aqueous liquors left on separation of the foregoing crude solid were acidified with 
hydrochloric acid and extracted with ether in a continuous extractor for 4 days, and the extract 
separated into an acidic and a neutral fraction by means of aqueous sodium bicarbonate. From 
the acidic fraction 8-phenylpropionic acid was isolated by distillation in a vacuum and charac- 
terised by conversion into the anilide according to the method of Hardy (J., 1936, 398). On 
cooling, a solution of the resulting crude oily product in warm light petroleum (b. p. 60-—80°) 
deposited the anilide, m. p. 99-5°, undepressed on admixture with an authentic specimen 
(Found : N, 5-8. Calc. forC,,;H,,ON: N, 6:2%). 

The neutral fraction was invariably obtained as a light brown oil, from which 5 : 7-dihydroxy- 
2 : 2-dimethylchroman was separated by sublimation in a vacuum, leaving a dark brown residue. 
On purification this compound had m. p. 162° and was identified by comparison with an authentic 
specimen (J., 1937, 279). In another experiment the neutral oil was extracted five times with 
boiling light petroleum (b. p. 60—80°), the extract evaporated, the residue treated with an excess 
of diazoaminobenzene dissolved in a little hot alcohol, and the mixture boiled for 1 minute. 
On cooling, the dark red mixture slowly deposited the bis-phenylazo-derivative of 5 : 7-dihydroxy- 
2: 2-dimethylchroman, which separated from warm methyl alcohol containing a little acetic 
acid in bright red needles, m. p. 256° (decomp.), identical with an authentic specimen (Found : 
N, 14:2. C,,H,,0,N, requires N, 13-9%). An authentic specimen of this substance was pre- 
pared in the same manner from synthetic chroman and on crystallisation from benzene-ethyl 
acetate and then acetic acid and alcohol had m. p. and mixed m. p. 256° (decomp.) (Found : 
C, 68-6; H, 5-5; N, 14-0. C,,H,,0,N, requires C, 68-7; H, 5-5; N, 13-9%). 

When the hydrolysis was effected in the absence of zinc dust, the same products were obtained, 
but the resulting 5 : 7-dihydroxy-8-8-phenylpropionyl-2 : 2-dimethylchroman was much more 
difficult to purify. 

The Synthesis of Hydroxydiphenylmethane Derivatives—(a) 5:7: 5 : T'-Tetrahydroxy- 
8 : 8’-diacetyl-2 : 2: 2’ : 2’-tetramethyl-6 : 6’-dichromanylmethane. When 40% aqueous form- 
aldehyde (0-5 c.c.) was added to a solution of 5 : 7-dihydroxy-8-acetyl-2 : 2-dimethylchroman 
(Part III, Joc. cit.) (0-1 g.) in alcohol (10 c.c.), followed by 6 drops of concentrated sulphuric 
acid, a light yellow precipitate began to separate almost immediately. Next day the product 
(0-1 g.), m. p. 230°, was collected, washed with water, and crystallised from alcohol, forming 
yellow rectangular prisms, m. p. 240°, which gave an intense, rich purple ferric reaction in 
alcohol and were readily soluble in acetone (Found: C, 67-0; H, 6-5. C,,H;,0, requires C, 
67-0; H, 66%). This compound, which slowly dissolved in 8% aqueous sodium hydroxide, 
was also obtained when the sulphuric acid was replaced by 12 drops of concentrated hydro- 
chloric acid in the reaction mixture. 

Acetylation of this compound (0-2 g.) with acetic anhydride (5 c.c.) and pyridine (2-5 c.c.) 
at room temperature for 24 hours and then on the steam-bath for 1 hour gave the tetra-acetate, 
m. p. 206°, which formed colourless plates, m. p. 213°, from aqueous alcohol. 

(b) Octahydrorottlerone. On addition of concentrated sulphuric acid (1 c.c.) to a solution 
of 5 : 7-dihydroxy-8-8-phenylpropionyl-2 : 2-dimethylchroman (0-7 g.) in alcohol (20 c.c.) and 
40% aqueous formaldehyde (5 c.c.) a crystalline precipitate of octahydrorottlerone began to 
separate immediately. Next day the solid (0-5 g., m. p. 171°) was isolated and on purification 
from warm alcohol formed yellow plates, m. p. 173°, undepressed by admixture with a natural 
specimen (Found: C, 74-1; H, 6-6. Calc. for C,,H,,O,: C, 74-1; H, 6-6%). The solubilities 
and ferric reaction of the synthetical and the natural material were identical. Prepared by 
the pyridine method, the tetra-acetate separated from acetone—alcohol in colourless slender 
prisms, m, p. 215°, identical with the natural derivative. 
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(c) 2:4:6:2': 4’: 6’-Hexahydroxy-6 : 5'- diacetyl -3 : 3'-dimethyldiphenylmethane quickly 
separated from a mixture of C-methylphloracetophenone (0-12 g.), 40% aqueous formaldehyde 
(2 c.c.), and 8 drops of concentrated sulphuric acid and on purification from aqueous dioxan 
and then dioxan formed microscopic light prisms, m. p. 291°, identical with a natural specimen 
(Found: C, 60-4; H, 5-5%). 

(With ALFRED B. PercivaL.) Perhydrorottlerin.—In a detailed investigation on the pre- 
paration of this compound from rottlerin and from tetrahydrorottlerin by hydrogenation with 
a platinum catalyst (Part II, Joc. cit.) it was found that the use of acetone, acetic acid, or ethyl 
acetate as solvents gave unsatisfactory results. Contrary to earlier observations (Part II, 
loc. cit.) we have found in the course of numerous successful experiments where alcohol is used 
as the solvent that the variety of perhydrorottlerin, m. p. 188°, occurs much less frequently 
than the variety, m. p. 182° (m. p. 181—182° in Part II, Joc. cit.) (Found in material dried in 
a high vacuum at 100°: C, 68-3, 68-3; H, 7-2, 7-3. Calc. for C,.H,,0,: C, 68-4; H, 7-2%). 
On treatment with warm alcoholic diazoaminobenzene by the method employed in the case 
of tetrahydrorottlerin both varieties (m. p. 182° and m. p. 188°) gave rise to 2 : 4: 6-trihydroxy- 
5-acetyl-3-methylazobenzene, which had m. p. 202° after purification from acetic acid and then 
alcohol, identical with an authentic specimen. 

From the products, m. p. 182° and 188°, the same perhydrorottlerone was obtained by the 
alkali method (Part II, Joc. cit.), forming pale yellow prisms or plates, m. p. 147°, from alcohol 
(Found: C, 73-3, 73-2; H, 8-0, 8-0. Calc. for C,,H;,0,: ©, 72-8; H, 83%). In the course 
of the purification of this compound from alcohol or ethyl acetate a labile form, m. p. 159— 
160°, was occasionally obtained which on recrystallisation reverted to the stable form. 
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Depending on the conditions employed, isorottlerin (IV) on hydrogenation gives 
rise to dihydroisorottlerin (VII, R = H) and/or tetrahydroallorottlerin, C,,H3,0., of 
which the latter is analogous to tetrahydrorottlerin, forms a pentamethyl ether, and 
gives rise to 2: 4: 6-trihydroxy-5-acetyl-3-methylazobenzene and the azo-derivative 
(X, R = N:NPh). In consequence tetrahydroallorottlerin has formula (VI, R = H) 
and in agreement with this expression undergoes the rottlerone change with warm alkali 
or boiling acetic acid, giving octahydroallorottlerone (IX), the structure of which was 
established by synthesis from the keto-chroman (X, R = H). 

The conversion of rottlerin (I) into tetrahydroallorottlerin by way of isorottlerin is 
explained and the structure which has been deduced for the latter compound is sup- 
ported by its behaviour on hydrogenation and methylation. The relationship of the 
ethers obtained from isorottlerin and its hydrogenation products has been determined 
and their orientations established. 


In the course of the earlier work on the purification of rottlerin in these laboratories (Part I, 
J., 1937, 748) it was observed that the compound was unstable in high-boiling solvents 
(compare Ray and co-workers, J., 1938, 1862) and Brockmann and Maier (Annalen, 1938, 
535, 149), who have investigated the action of these agents in some detail, have shown that 
rottlerin is converted into its isomeride by means of boiling alcohol, acetic acid, or toluene. 
Ray and his co-workers (loc. cit.; Current Science, 1939, 8, 165) appear to have isolated the 
same compound from extracts of kamala and claim that the isomeride occurs naturally. 
It must be observed, however, that clear evidence is lacking to prove isorottlerin is a 
natural product and not an artefact formed by the action of boiling solvents employed 
in the isolation of rottlerin. We have prepared isorottlerin by the alcohol and by the 
acetic acid methods of Brockmann and Maier (Joc. cit.) and the present memoir deals with 
the chemistry and constitution of this important rottlerin derivative and related compounds, 
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The empirical formula C,).H,,0, for ¢sorottlerin, which was suggested by Brockmann 
and Maier (loc. cit.), has been substantiated in the present work, being in accordance with 
the analytical results obtained for a number of derivatives and supported by the close 
analogy in the behaviour and general properties observed between this substance and 
rottlerin (Part IV, preceding paper). Unlike rottlerin, however, the behaviour of iso- 
rottlerin on hydrogenation with a palladium-charcoal catalyst appears to depend to 
a large extent on the conditions employed and consequently these have been investigated 
in some detail. On hydrogenation in acetic acid with a palladium-charcoal catalyst and 
hydrogen at atmospheric or slightly elevated pressures ssorottlerin invariably yields 
dihydroisorottlerin, m. p. 213°, which gives rise to benzaldehyde on being boiled with 
aqueous sodium hydroxide and appears to be identical with the product, m. p. 210—211°, 
described by Brookmann and Maier (loc. cit.). If, however, the reaction is carried out in 
alcohol, ethyl acetate (free from traces of acetic acid), or acetone with hydrogen at a 
pressure of 5—10 Ib./sq. in. a tetrahydro-derivative is obtained which we have named 
tetrahydroallorottlerin. When the hydrogenation is carried out in the same manner but 
the pressure of the hydrogen employed is approximately atmospheric, a mixture of tetra- 
hydroallo- and dihydro#so-rottlerin is obtained, the proportions of which vary considerably. 

On hydrogenation in ethyl acetate dihydrossorottlerin is quantitatively converted into 
tetrahydroallorottlerin. 

Methylation of tetrahydroallorottlerin by the methyl sulphate-potassium carbonate 
method (George and Robertson, J., 1937, 1535) gives rise to a pentamethyl ether which does 
not contain a free hydroxyl group and is insoluble in aqueous sodium hydroxide, thus 
corresponding to O-pentamethylrottlerin. Though, as Brockmann and Maier have 
observed, isorottlerin does not appear to react under the usual conditions with diazo- 
aminobenzene, tetrahydroallorottlerin reacts readily with this reagent, giving an almost 
theoretical yield of 2 : 4 : 6-trihydroxy-5-acetyl-3-methylazobenzene and the azo-derivative 
(X, R=N:NPh) of 5: 7-dihydroxy-6-8-phenylpropionyl-2 : 2-dimethylchroman. The 
latter compound, which was identified by comparison with a synthetic sample, can be 
readily distinguished from the isomeride 6-phenylazo-5 : 1-dihydroxy-8-B-phenylpropionyl- 
2: 2-dimethylchroman. By analogy with Boehm’s work on the scission of polyhydroxy- 
diphenylmethanes (Amnalen, 1903, 329, 310) this result clearly indicates that the tetra- 
hydroallorottlerin molecule is composed of a C-methylphloracetophenone residue attached 
to 5: 7-dihydroxy-6-8-phenylpropionyl-2 : 2-dimethylchroman at the 8-position of the 
latter by a methylene radical and therefore tetrahydroallorottlerin may be represented 
by the expression (VI, R = H) and its pentamethyl ether by (VI, R = Me). 

Like rottlerin and its hydrogenation products, tetrahydroa/orottlerin readily undergoes 
the rottlerone change in warm alkali, and gives rise to octahydroallorottlerone, the properties 
of which closely resemble those of octahydrorottlerone, including the insolubility in aqueous 
sodium verry and the ferric reaction, Further, octahydroadlorottlerone is formed along 
with 2:4:6: 2’: 4’ : 6’-hexahydroxy-5 : 5’-diacetyl-3 : 3’-dimethyldiphenylmethane when 
sstealepdinoaiisoeseieese 8 is boiled with acetic acid for 12 hours, this disproportionation being 
presumably strictly analogous to that obtaining in the case of tetrahydrorottlerin (Part IV, 
loc. cit.). By analogy with rottlerone and from the structure of the azo-compound (X, 
R =N:NPh) it appeared reasonably certain that octahydroallorottlerone had formula 
(IX) and accordingly the synthesis of the latter was undertaken by the procedure employed 
for octahydrorottlerone. Interaction of the ketone (X, R = H) and formaldehyde in 
alcoholic sulphuric acid gave an almost quantitative yield of (IX) identical in every way 
with the compound from natural sources. Similarly, the analogous 5:7 : 5’ : 7'-tetra- 
hydroxy-6 : 6'-diacetyl-2 : 2 : 2' : 2'-tetramethyl-8 : 8’-dichromanylmethane was _ synthesised 
from the corresponding 6-acetylchroman. Although octahydroallorottlerone and octa- 
hydrorottlerone closely resemble each other in general properties, they differ entirely 
in their behaviour towards warm alcoholic diazoaminobenzene. The former compound, 
though it reacts more slowly than tetrahydroadlorottlerin, ultimately gives an almost 
theoretical yield of the azo-derivative (X, R = N:NPh), whereas even on prolonged treat- 
ment octahydrorottlerone does not appear toreact. This difference in reactivity is probably 
due to the fact that the 8-position of 5 : 7-dihydroxy-2 : 2-dimethylchroman is considerably 
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more active than the 6-position, ¢.g., in Gattermann’s reaction (Robertson and Subramanian, 
J., 1937, 286) and in the Hoesch reaction (Part III, this vol., p. 1257), and consequently 
the extrusion of the methylene group would be expected to take place more easily from 
the 8-position, thus allowing the scission of (IX) with the formation of two molecules of the 
azo-compound. The same factor may well account for the difference in behaviour between 
tetrahydroallorottlerin and tetrahydrorottlerin towards alcoholic diazoaminobenzene, 
where in the latter case we have not yet been able to obtain the azo-derivative of the 
keto-chroman residue. 
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To explain the isomerisation of rottlerin to ssorottlerin Brockmann and Maier (loc. cit.) 
suggested that the formation of the latter product was due to the cyclisation of the chalkone 
system to form the dihydro-y-pyrone type, but it is clear from the foregoing results and the 
structure of tetrahydroa/jorottlerin (VI, R = H) that this change is a more complex one 
than these authors envisaged and involves not only the cyclisation of the chalkone system 
but also the interchange of the cinnamoy]l and the 2: 4 : 6-trihydroxy-5-acetyl-3-methyl- 
phenylmethylene residues. It appears to us that the change can be best explained on the 
view that the first stage of the reaction is the conversion of rottlerin into the intermediate 
(II) by the opening of the chromen ring system and that this is followed by re-formation 
of the latter so as to produce (III, R = H), which is strictly analogous to rottlerin and hence 
may be termed allorottlerin. At the same time the chalkone (III, R = H) is cyclised to 
the dihydro-y-pyrone system with the production of type (IV), which we regard as repre- 
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senting Brockmann and Maier’s isorottlerin.* From the intermediate alorottlerin (III, 
R =H), two formule (IV) and (V) for the cyclisation product are possible but owing to lack 
of evidence a final decision between the two orientations cannot be made at present. If the 
cyclisation of the chalkone system in rottlerin was to precede the scission of the chromen 
system, then it is reasonably certain that isorottlerin would be the modification represented 
by (V). We are not at present inclined to accept this view of the reaction, however, 
because it would appear that the formation of the dihydro-y-pyrone system involving the 
protection of a hydroxyl group in the chromen residue would tend to stabilise the latter unit. 

On the basis of the structure type (IV) or (V) for zsorottlerin the formulation of the two 
hydrogenation products of this compound clearly follows and further, it would appear that 
the failure of the compound to react with alcoholic diazoaminobenzene is due to the 
suppression of a hydroxyl group in the formation of the dihydro~-y-pyrone ring as in the 
case of the dimethyl ethers of rottlerin and tetrahydrorottlerin (Part IV, Joc. cit.). The 
production of tetrahydroallorottlerin from isorottlerin in which two molecules of hydrogen 
are absorbed clearly arises by the hydrogenation of the ethylenic linkage in the chromen 
ring with the simultaneous opening of the dihydro-y-pyrone system to the chalkone type 
(VIII, R = H) and subsequent saturation of the double bond thus formed, giving (VI, 
R =H); alternatively, the second stage might simulate the opening of the dihydrofuran 
system in tubaic acid under the same conditions and the oxygen bridge of the dihydro- 
y-pyrone system undergo a direct reductive fission. On the other hand, the formation 
of dihydrotsorottlerin type (VII, R == H) takes place by the saturation of the double bond 
in the chromen system, but the acetic acid used as a solvent apparently inhibits the open- 
ing of the dihydro-y-pyrone ring. It may be noted here that dihydrotsorottlerin may 
have a corresponding structure derived from the alternative formula (V) for tsorottlerin. 

The foregoing explanation of the behaviour of isorottlerin on hydrogenation is amply 
supported by the following methylation experiments: On methylation by the methyl 
sulphate-potassium carbonate method dihydroisorottlerin type (VII, R = H) gave rise 
to a mixture of O-tetramethyldihydroiso- and O-pentamethyldthydroallo-rottlerin. Of these 
the former behaves as a saturated compound towards hydrogen and a palladium catalyst, 
is insoluble in cold aqueous sodium hydroxide and gives a negative ferric reaction and 
hence this substance has retained the dihydro-y-pyrone ring system intact, being repre- 
sented by the formula type (VII, R = Me) (the protection of the hydroxyl groups pre- 
sumably stabilises the dihydro-y-pyrone system). The second product, a pentamethyl 
ether, which contains an ethylenic linkage and on hydrogenation gives rise to 
O-pentamethyltetrahydroallorottlerin (VI, R = Me), must arise by the opening of the 
dihydro-y-pyrone ring in type (VII, R = H) and consequently has the structure (VIII, 
R=Me). Though in agreement with the formula type (IV) isorottlerin contains four 
hydroxyl groups according to Zerewitinoff’s method, this compound on methylation gave 
only O-pentamethylallorotilerin, which clearly arises by the opening of the dihydro-y- 
pyrone ring in (IV) to give the intermediate a//orottlerin (III, R = H) and is therefore 
represented by the expression (III, R = Me). In agreement with this structure the 
ether (III, R = Me) on hydrogenation absorbs two mols. of hydrogen, giving O-penta- 
methyltetrahydroallorottlerin (VI, R = Me). 

Since the completion of the analytical work in the present communication our attention 
has been directed to a recent communication by Brockmann and Maier (Naturwiss., 1939, 
27, 259) (compare Ray and co-workers, Current Science, 1939, 8, 165), but owing to con- 
siderable discrepancies between the melting points of some of our products and those given 
by the German authors it is not possible at present to be certain of the identity of the 
respective series of derivatives. It would seem reasonably certain, however, that the 
“transformation products’’ of isorottlerin and of dihydrosorottlerin are respectively 
allorottlerin (III, R = H), m. p. 194°, and dihydroadlorottlerin (VIII, R = H), m. p. 215°. 


* At present for the sake of clarity we have retained this name, which was originally suggested 
by Brockmann and Maier (loc. cit.), but in this connexion it must be noted that by cyclisation of the 
chalkone system in rottlerin (I) a dihydro-y-pyrone type (one only) is possible which we think should 
be named isorottlerin. On the other hand, by the same change ailorottlerin (III, R = H) can give 
rise to two isomerides, a- and f-isoallorottlerin. 
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EXPERIMENTAL. 


isoRottlerin.—This compound has been prepared by a number of procedures, including 
that of Brockmann and Maier (loc. cit.) and the following modification of it: On being gently 
boiled (oil bath at 120—130°) with acetic acid (450 c.c. of 95% by vol.), rottlerin (30 g.) dissolved 
in about 15 minutes; } hour later the solution was allowed to cool and the buff precipitate 
(29 g.) obtained by the addition of much water was washed, dried, and triturated with methyl 
alcohol (150.c.c.). Next day the insoluble product was collected, washed, and boiled with alcohol 
(150 c.c.) for 20 minutes; the extract was rejected, and the solid was purified from acetic acid— 
alcohol and then alcohol, giving isorottlerin in yellow diamond-shaped plates, m. p. 182° (Found : 
C, 69-8; H, 5-4. Calc. for C,,H,,0,: C, 69-8; H, 5-4. Calc. for C,,H3,0,: C, 70-2; H, 5-7%) 
(Brockmann and Maier and Ray and co-workers, locc. cit., give m. p. 180°). A further quantity 
of impure material was isolated from the alcoholic liquors. 

Hydrogenation of isoRottlerin—(A) Hydrogenation of the compound (2 g.), dissolved in 
absolute acetic acid (200 c.c.), with a palladium-charcoal catalyst (from 0-2 g. of palladium 
chloride and 2 g. of charcoal) and hydrogen at 10 Ib./sq. in. during 2 hours gave the dihydro- 
derivative (VII, R = H), which, on isolation by addition of water, separated from alcohol, 
then benzene, and finally alcohol in light yellow prisms (1 g.), m. p. 213°, soluble in acetone, 
ethyl acetate, or acetic acid and insoluble in light petroleum, and having a brownish-green 
ferric reaction in alcohol (Found: C, 69-5; H, 5-9. Calc. for C,,H,;,O,: C, 69-5; H, 5-8%). 
On being boiled, a solution of this substance in 8% aqueous sodium hydroxide gave rise to 
benzaldehyde. The quantitative hydrogenation of isorottlerin (1 g.) was effected in ethyl 
acetate (200 c.c.) containing a little acetic acid with a palladium—charcoal catalyst and hydrogen 
at atmospheric pressure (approximately 1 mol. absorbed), giving the dihydro-compound 
(0-7 g.), m. p. 213° after purification. 

(B) Hydrogenation of isorottlerin (1 g.) in absolute ethyl acetate (200 c.c.) with a palladium— 
charcoal catalyst (from 0-1 g. of palladium chloride and 1 g. of charcoal) and hydrogen at 5 Ib./ 
sq. in. during 2 hours furnished ¢etrahydroallorotilerin (VI, R = H), which separated from a little 
benzene and then alcohol in long, slender, bright yellow prisms (0-8 g.), m. p. 241°, sparingly 
soluble in acetone, ethyl acetate, or hot methyl alcohol and giving a brown ferric reaction in 
alcohol (Found: C, 69-45, 69-4; H, 6-3, 6-2. C,,H,,O, requires C, 69-2; H, 6-15%). The 
same compound was obtained when acetone or alcohol was employed as the solvent for the 
hydrogenation with hydrogen at 5—10 lb./sq. in. 

When dihydroisorottlerin (VII, R = H) (1 g.), dissolved in ethyl acetate (250 c.c.), was 
hydrogenated under the same conditions (2 g. of catalyst), tetrahydroallorottlerin was obtained ; 
on purification from alcohol it formed slender prisms (0-6 g.), m. p. and mixed m. p. 241°, 
identical with the foregoing specimen. 

When the hydrogenation was carried out in absolute ethyl acetate, acetone, or alcohol with 
a palladium catalyst and hydrogen at atmospheric pressure, the product invariably consisted 
of a mixture, m. p. about 200°, of tetrahydroallo- and dihydroiso-rottlerin which was extremely 
difficult to separate. Fractional crystallisation of the mixture (3 g.) from acetone gave three 
main fractions: (a) m. p. 234°, (b) m. p. 223°, and (c) m. p. 209°. On repeated purification 
from alcohol fractions (a) and (b) each gave tetrahydroallorottlerin (about 1-5 g.), m. p. 241°; 
fraction (c), on being combined with the residue left on evaporation of the acetone liquors 
and recrystallised from alcohol, gave dihydroisorottlerin (0-5 g.), m. p. 213°. 

O-Pentamethylallorottlerin (III, R = Me).—A mixture of isorottlerin (2 g.), potassium car- 
bonate (40 g.), methyl sulphate (10 c.c.), and acetone (100 c.c.) was heated on the steam-bath 
until the deep red colour of the original solution had almost disappeared (2} hours); it was 
then cooled and treated with water (300 c.c.). Next day the yellow plastic solid was collected, 
dried, and triturated with a little cold methyl alcohol, and the resulting pale yellow product 
crystallised several times from light petroleum (b. p. 60—80°), then aqueous alcohol, and 
finally light petroleum, yielding the pentamethyl ether in pale greenish-yellow (almost colourless) 
rhombic prisms (1 g.), m. p. 136°, which had a negative ferric reaction and were insoluble in 
aqueous sodium hydroxide [Found: C, 71-6, 71-7; H, 6-5, 6-5; OMe, 26-4, 26-6; M, 546. 
Cy9H,30;(OMe), requires C, 71-7; H, 6-5; OMe, 26-45%; M, 586. C;,H,,;0;(OMe), requires 
C, 72-0; H, 6-7; OMe, 25-8%; M, 600]. 

O-Pentamethyltetrahydroallorottlerin (VI, R = Me).—(A) Hydrogenation of the foregoing 
ether (1 g.), dissolved in absolute alcohol (150 c.c.), with a palladium—charcoal catalyst (2 g.) 
and hydrogen at 20 lb./sq. in. during 2 hours and subsequent removal of the catalyst and the 
alcohol gave a colourless oil. On slow evaporation of the solvent a solution of this material 
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in light petroleum (b. p. 40—60°) gradually deposited an almost theoretical yield of the ¢etra- 
hydro-derivative in large prisms, m. p. 101° after purification from aqueous alcohol and light 
petroleum [Found: C, 71-2, 71-2; H, 7-1; 7:3; OMe, 26-1, 264; M (Rast), 540. 
C3,H,,0,;(OMe), requires C, 71-2; H, 7-1; OMe, 26-3%; M, 590]. This compound had a 
negative ferric reaction and was readily soluble in benzene, ethyl acetate and warm alcohol. 
When the hydrogenation was carried out at atmospheric pressure in the same solvent, approxi- 
mately 2 mols. of hydrogen were absorbed, giving a similar yield of the same ether, m. p, 101°. 

(B) A mixture of tetrahydroallorottlerin (VI, R = H) (1 g.), potassium carbonate (20 g.), 
methy] sulphate (5 c.c.), and acetone (50 c.c.) was heated on the water-bath until the deep yellow 
colour of the original solution had almost disappeared (14 hours), and then treated with water 
(200c.c.). Next day the product was isolated with ether and purfied by the procedure employed 
in method (A), giving O-pentamethyltetrahydroaliorottlerin in colourless prisms (0-5 g.), m. p. 
and mixed m. p. 101°. 

Methylation of Dihydroisovottlerin.—When this compound (2 g.) was heated on the water- 
bath with methyl sulphate (10 c.c.), potassium carbonate (40 g.), and acetone (75 c.c.) for 
44—5 hours, with the addition of more carbonate (10 g.) and more sulphate (5 c.c.) after 3 hours, 
the mixture became almost colourless ; the oil which separated on the addition of water (300 c.c.) 
solidified in the course of 2 days. The product obtained by crystallisation of this material 
from light petroleum (b. p. 60—80°) was a mixture and after having been twice purified from 
the same solvent it was then recrystallised from alcohol and obtained in crystals sufficiently 
large to be separated manually into a colourless and (b) pale yellow prisms. 

The colourless material was repeatedly crystallised from light petroleum (b. p, 60—80°), 
a few pale yellow crystals were separated, fer the residue recrystallised from aqueous alcohol 
and then light petroleum, giving O-tetramethyldihydroisorotilerin (type VII, R = Me) in colourless 
prisms, m. p. 149°, readily soluble in benzene, acetone, or ethyl acetate and having a negative 
ferric reaction [Found: C, 71-2, 71-1; H, 6-6, 65; OMe, 20-6, 21-0; M (Rast), 552. 
Cy95H,,O,(OMe), requires C, 71-1; H, 6-6; OMe, 216%; M, 574]. Attempts to hydrogenate 
this ether (0-5 g.), dissolved in alcohol (100 c.c.), with hydrogen at 8 Ib./sq. in. and a palladium— 
charcoal catalyst gave unchanged material. 

The pale yellow fraction (b) was repeatedly crystallised from light petroleum (b. p. 60—80°), 
a few colourless crystals removed by hand, and the residual O-pentamethyldihydroallorottlerin 
(VIII, R = Me) purified from aqueous alcohol and then light petroleum, forming pale greenish- 
yellow, tiny hexagonal plates, m. p. 135°, having solubilities similar to those of O-tetra- 
methyldihydroisorottlerin and a negative ferric reaction [Found : C, 71-5, 71-5; H, 6-9, 6-8; 
OMe, 27-2, 27-0; M (Rast), 569. C,,H,,0,(OMe), requires C, 71-4; H, 6-8; OMe, 26-4%; 
M, 588]. A mixture of this substance and O-pentamethylallorottlerin melted at about 130— 
132°. On hydrogenation with the aid of a palladium—charcoal catalyst (1 g.) this ether (0-3 g.), 
dissolved in alcohol (100 c.c.), gave rise to O-pentamethyltetrahydroallorottlerin (VI, R = Me), 
m. p. and mixed m. p. 101°. 

Action of Diazoaminobenzene on Tetvahydroallorotilerin.—When a solution of diazoamino- 
benzene (1-83 g.) in hot alcohol (80 c.c.) was added to boiling alcohol (80 c.c.) containing a 
suspension of tetrahydroallorottlerin (2-6 g.), the solid rapidly dissolved and the solution then 
became dark red. On cooling, the reaction mixture deposited orange-red crystals, and on slow 
evaporation of the solvent three further fractions were obtained, finally leaving a small amount 
of a resinous residue which smelt of aniline. The combined products, which were obtained 
in almost theoretical amount, were separated into two fractions, (a) and (b), by fractional 
crystallisation from acetic acid, in which (a) was less soluble, and then from methyl alcohol, 
in which (b) is sparingly soluble. In this way (a) was obtained in red plates, m. p. 202°, identical 
in every way with an authentic specimen of 2: 4: 6-trihydroxy-5-acety!-3-methylazobenzene, 
m. p. 202° (Part IV, loc. cit.) (Found: N, 95. Calc. for C,,H,,O,N,: N, 9-8%). Repeated 
crystallisation of fraction (b) finally gave 8-phenylazo-5 : 1-dihydroxy-6-B-phenylpropionyl- 
2: 2-dimethylchroman (X, R = N:NPh) as a felted mass of slender orange-red needles, m. p. 
162°, identified by direct comparison with an authentic specimen (Found: C, 72-2; H, 6-2; 
N, 6-6. C,,H,,O,N, requires C, 72-6; H, 6-1; N, 65%). 

An authentic specimen of this azo-compound was prepared in good yield by boiling a solution 
of 5 : 7-dihydroxy-6-f-phenylpropionyl-2 : 2-dimethylchroman (X, R = H) (0:5 g.) and diazo- 
aminobenzene (0-5 g.) in alcohol (20 c.c.) for 2 minutes. The product, which quickly began to 
separate from the cooled dark red solution, was collected 2 days later and purified from acetic 
acid and then acetic acid—alcohol, forming orange-red needles, m. p, 162°, sparingly soluble in 
alcohol, benzene, or light petroleum (Found: C, 72-6; H, 6-1; N, 69%). 





[1939] Rottlerin. Part V. Tetrahydroallorottlerin. 1593 


Prepared in a similar manner from 5: 7-dihydroxy-8-6-phenylpropionyl-2 : 2-dimethyl- 
chroman, the isomeride 6-phenylazo-5 : 1-dihydroxy-8-B-phenylpropionyl-2 : 2-dimethylchroman 
separated from the reaction mixture on spontaneous evaporation of the solvent and then 
formed dark red, rectangular plates, m. p. 181°, from acetic acid and then alcohol, sparingly 
soluble in light petroleum (Found: C, 72-7; H, 6-1; N, 6-7%). A mixture of this compound 
and the isomeride from tetrahydroallorottlerin melted at about 140°. 

By the same procedure 5 : 7-dihydroxy-8-acetyl-2 : 2-dimethylchroman gave the 6-phenyl- 
azo-derivative, which formed deep red plates, m. p. 232°, from alcohol (Found: N, 8-0. 
Ci9,H»O,N, requires N, 8-2%). 

(With James MatcueEt) Octahydroallorotilerone (IX).—({A) For the preparation of this com- 
pound the following practical directions must be closely adhered to: On being gently heated 
(oil bath) in nitrogen, the clear yellow solution of tetrahydroajjorottlerin (1-8 g.) in 4% aqueous 
sodium hydroxide (75 c.c.) became opaque at about 40° and an almost colourless solid began 
to separate. When the temperature had reached 55°, heating was discontinued, the hot reaction 
mixture was kept for 5 minutes and then rapidly cooled, and the precipitate (0-6 g.) collected, 
washed, and dried. Crystallised from acetone containing a little acetic acid and then from 
alcohol, octahydroallorotilerone formed pale yellow, squat prisms or elongated rectangular prisms, 
m. p. 175—175-5°, having a dark violet ferric reaction in alcohol (Found: C, 74-3, 74:2; H, 
6-6, 6-7. *C,y,H,,O, requires C, 74:1; H, 6-6%). On being saturated with carbon dioxide, a 
further small amount of this compound separated from the alkaline liquors and after its removal 
acidification of the filtrate with hydrochloric acid gave an intractable red-brown resin which 
has not so far yielded crystalline material. Prepared by the acetic anhydride—pyridine method 
at room temperature and then on the water-bath, the tetra-acetate of octahydroallorottlerone 
formed pearly leaflets, m. p. 163°, from aqueous alcohol and then aqueous acetone. 

When a hot solution of diazoaminobenzene (0-3 g.) in alcohol (20 c. c.) was added to octa- 
hydroallorottlerone (0-1 g.) dissolved in a little warm dioxan, and the mixture heated on the 
steam-bath for } hour, an almost quantitative yield of the azo-derivative (X, R = N:NPh) 
separated in the course of 48 hours, m. p. 161° after purification, identical with an authentic 


(B) On being boiled with acetic acid (200 c.c.) for 12 hours, tetrahydroallorottlerin (2 g.) 
gradually dissolved and a yellow precipitate gradually separated from the resulting reddish 


solution. On cooling, the solid (0-96 g.) was collected and crystallised from much acetone 
and then dioxan, giving 2:4:6: 2’: 4’ : 6’-hexahydroxy-5 : 5’-diacetyl-3 : 3’-dimethyldi- 
phenylmethane, m. p. 291°, identical in every way with a synthetical specimen (Part IV, loc. cit.). 
Evaporation of the acetone liquors gave unchanged tetrahydroaJlorottlerin, m. p. 241° after 
purification from alcohol. 

Addition of excess of water to the acetic acid liquor left on separation of the foregoing 
compound gave a pinkish precipitate (0-88 g.), which on repeated crystallisation from alcohol 
gave octahydroallorottlerone, m. p. 175°, identical with a synthetical specimen. 

(C) On being treated with 12 drops of concentrated sulphuric acid, a solution of 5 : 7-di- 
hydroxy-6-6-phenylpropionyl-2 : 2-dimethylchroman (X, R = H) (Part III, loc. cit.) (0-12 g.) 
in alcohol (5 c.c.) containing 40% formaldehyde (0-5 c.c.) almost immediately gave a nearly 
colourless crystalline precipitate. Next day the product was collected, washed, and recrystallised 
from acetone—alcohol and then alcohol, giving octahydroallorottlerone in pale yellow, squat 
prisms (sometimes elongated rectangular prisms), m. p. 175°, undepressed by admixture with a 
natural specimen, with which it was identical in every way (Found : C, 74:0; H, 6-8%). 

In the same way the interaction of 5 : 7-dihydroxy-6-acetyl-2 : 2-dimethylchroman (0-1 g.), 
40% formaldehyde (0-5 c.c.), and 6 drops of concentrated sulphuric acid in alcohol (2 c.c.) 
furnished an almost theoretical yield of 5 : 7: 5’ : 7’-Letrahydroxy-6 : 6’-diacetyl-2 : 2: 2’ : 2'-tetva- 
methyl-8 : 8'-dichromanylmethane, which separated from alcohol in greenish-yellow, squat 
prisms, m. p. 209°, readily soluble in acetone or aqueous sodium hydroxide and having a dark 
purple-brown ferric reaction in alcohol (Found: C, 67:0; H, 6-7. C,,H,,O, requires C, 67-0; 
H, 66%). 


The authors are indebted to the Department of Scientific and Industrial Research for a 
maintenance grant to one of them (E. T.), and to Imperial Chemical Industries, Ltd., and the 
Government Grants Committee of the Royal Society for research grants. 
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336. Usnic Acid. Part VII. Analogues of Usnolic Acid. 


By REGINALD T. FosTER, ALEXANDER ROBERTSON, and (in part) THomas V. HEALy. 


A brief review of the structures recently proposed for usnic acid leads to the adoption 
of the expression (I, R = H), first suggested for this compound in Part V (loc. cit.) and 
supported by the work of Schépf and Ross (/oc. cit.). Anew structure (III, R = CO,H) 
for usnolic acid, based on the formula (III, R = H) which was advanced for decarbo- 
usnol in Part V, is deduced and its formation from usnic acid is discussed. The 
synthesis of the two acids (XVII; R = H, R, = H) and (XVII; R = Me, R, = H) 
by way of the stages (XI), (XII), (XIII), (XIV), (XV), and (XVI) is described and a 
detailed comparison of these acids with usnolic acid clearly indicates that the latter 
compound and its synthetical analogues are similarly constituted, thus affording in- 
dependent evidence in support of the expression (III, R = CO,H). 


In Part V (J., 1937, 894) Curd and one of us (A. R.) advanced cogent reasons for adopting the 
view that usnic acid is not a lactone and suggested that the > CO group, which appears as 
the carboxyl group in the isomeride usnolic acid and is eliminated in the conversion of 
usnic acid into decarbousnic acid (IV, R = H), was originally present as a ketonic group. 
To accommodate this conclusion two expressions were proposed for usnic acid at that time, 
of which (I, R = H) was considered to be the more feasible, and a re-examination of the 
experimental work on usnic acid described in the literature has led us to regard usnic acid as 
being best represented by this formula.* It seems reasonable to assume that in a structure 
of the type (I, R = H) the asymmetric carbon atom (marked +) carrying the angular 
methyl group is a centre of weakness in the molecule, which in part may be ascribed to the 
tendency of the system to assume the coumarone type of structure, thus accounting for the 
behaviour of usnic acid towards hydrolytic agents. In addition, the expression (I, R = H) 
for usnic acid satisfies the criteria outlined in Part V (loc. cit.) and affords a satisfactory basis 
for the rational formulation of its functional derivatives. 

The view that usnic acid can no longer be regarded as a ketonic lactone has been adopted 
by Asahina and Yanagita (Ber., 1938, 71, 2260), who accordingly have modified the lactone 
formula (II), proposed in an earlier communication (Ber., 1937, 70, 2462), to the expression 
(V).¢ These authors consider that the structure (V) affords a satisfactory explanation of 
the behaviour of usnic acid on hydrolysis and of dihydrousnic acid on thermal decomposition 
and permits the formulation of usnonic acid and the existence of ethyl d-isooxyacet- 
usnetate. This expression (V) or Haworth’s modification of it (VII) (loc. cit.), however, 
does not accord with the results of Schépf and Ross (Naturwiss., 1938, 26,772). The latter 
authors found that ozonolysis of usnic acid diacetate and alcoholysis of the resulting ozonide 
gave rise to the O-diacetyl-«-coumaranone (VIII) and ethyl «y-diketovalerate, a result 
which clearly implies that the molecule undergoes oxidative scission at the position marked 
by the dotted line in formula (I, R = Ac) or at the corresponding position in formula (V). 
For several reasons, ¢.g., an #-coumarone derived from a diacetate of (V) would be a mono- 
and not a di-acetate, it seems clear that the simultaneous formation of these degradation 
products cannot be explained on the basis of formula (V) or on the modification (VII). On 
the other hand, as Schépf and Ross have indicated, formule (I, R = H) and (I, R = Ac) 
for usnic acid and its diacetate are in entire agreement with these results and allow a con- 


ventional explanation of the ozonolysis. 
On dehydration with warm concentrated sulphuric acid decarbousnic acid (IV, R = H) 


* This structure has been employed in lectures on several occasions in Liverpool during the past 
two years and at the University of Utrecht in November, 1938.—A. R. 

+ Haworth (Ann. Reports, 1938, 35, 315) writes Asahina and Yanagita’s type of formula as (VII), 
in which the large ring is a ten-membered one, but as far as we are aware there is no record that the 
Japanese authors implied or favoured this type of structure. In their memoir of 1938 the latter authors 
write a part of their chinol formula (II) of 1937 without completing the large ring and indicate that 
they now adopt the modification (V), which they write in a similar manner as a partial formula, leaving 
the large ring incomplete. In the chinol formula (1937) the large ring is a nine-membered one and 
hence presumably in their modification of 1938 this ring is an eight-membered one. 
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gives rise to decarbousnol and, of the possible formulz suggested for the latter compound in 
Part V (loc. cit.), the expression (III, R = H) is now considered to be the most feasible. 
Further, since usnolic acid, a true carboxylic acid, which is formed by isomerisation of usnic 
acid under the conditions employed for the conversion of (IV, R = H) into (III, R = H), 
has been shown to yield (III, R = H) on decarboxylation (Part V, loc. cit.), it is represented 
by the structure (III, R = CO,H) and is in all probability formed from (I, R = H) by way 
of the intermediate (IV, R = CO,H). On the other hand, Asahina and Yanagita (loc. cit.) 
consider that the formation of decarbousnol from decarbousnit acid (IV, R = H) involves 
the 7-acetyl group in the coumarone residue of the latter compound and accordingly propose 
structures of the type (VI) for decarbousnol. 
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The formule (III, R = H) and (III, R = CO,H), now regarded as representing decarbo- 
usnol and usnolic acid respectively, imply that compounds of the type (IV) undergo a 
somewhat novel type of cyclisation when treated with warm concentrated sulphuric acid, for 
which we have been unable to find an analogy in the literature, and it therefore 
seemed highly desirable that independent synthetical evidence in support of this view 
should be obtained. On account of the difficulties involved in preparing sufficient starting 
material for an immediate attempt on the synthesis of usnolic acid we therefore undertook 
the synthesis of the analogues (XVII; R = H, R, = H) and (XVII; R = Me, R, = H) 
and have achieved this objective by a procedure which seems capable of being applied 
ultimately to the synthesis of usnolic acid or its dimethyl ether. Further, it appeared 
essential to test the cyclisation of a compound of the type (IV) which did not contain a 
C-acetyl group in the 7-position of the coumarone ring and thus exclude the possibility of 
the formation of a large-ring type (VI) as envisaged by Asahina and Yanagita (loc. cit.). 

By means of Gattermann’s method the aldehyde (XII, R = H), unaccompanied by 
isomerides, was obtained in excellent yield from the coumarone (XI, R = H) (compare this 
vol., p. 921) and its orientation was established by the fact that on oxidation with potassium 
permanganate in aqueous acetone it furnished 6-methoxy-4-methylcoumarone-2-carboxylic 
acid, Hydrolysis of the azlactone (XIII, R = H), prepared from this aldehyde in the usual 
manner, and oxidation of the resulting pyruvic acid (XIV, R = H) with alkaline hydrogen 
peroxide gave rise to the cowmarone-2-acetic acid (XV, R = H), which on treatment with 
phosphorus pentachloride in chloroform yielded the acid chloride, characterised by the 
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formation of the amide. Interaction of this chloride with ethyl sodioacetoacetate in 
absolute ether gave a very viscous, oily product, which could not be purified but un- 
doubtedly consisted of the almost pure keto-ester (XVI, R = H) and gave a strong ferric 
reaction (compare Robinson and co-workers, J., 1925, 127, 166; 1926, 1713). On being 
warmed with concentrated sulphuric acid under the conditions whereby usnic acid is con- 
verted into usnolic acid and decarbousnic acid is dehydrated to decarbousnol (Paterno, 
Gazzetta, 1900, 30, 109; Widman, Annalen, 1902, 324, 184), this ketonic ester (XVI, R = 
H) gave rise to a mixture of-an acid and its e¢hyl ester for which we consider the expressions 
(XVII; R=H, R, =H) and (XVII; R=H, R, = Et) respectively to be the most 
feasible. Though the acid (XVII; R =H, R, =H) was obtained as a hydrate which 
could not be completely dehydrated, its relationship to the ester (XVII; R = H, R, = Et) 
was established by conversion into the latter with diazoethane. Hydrolysis of the ethyl 
ester with concentrated sulphuric acid regenerated the parent acid, which was also 
characterised by the formation of the methyl ester with diazomethane. 


Me Me R 
MeO’ \O-CH,CO,R Me CO,R Me On CHO 
Or: . Oat: Phi —_ De 
(IX.) (X.) (XI.) (XII.) 
CH:C—CO \CH,*CO-CO,H Me CH,°CO,H 
Ts Me NiCPh>° Me eet Me 
(XIII.) (XIV.) (XV.) 


R R CH 
(XVI) 1 Oe _ a 4 \co 
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e * 
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In order to exclude the possibility that the cyclisation of the ketonic ester (XVI, R = 
H) to the anhydro-compound might have involved the interaction of the 8-carbonyl group of 
the side chain with the carbon atom in the 7-position of the coumarone residue it was 
decided to test the cyclisation of the homologue (XVI, R = Me) in which the 7-position is 
blocked by a methyl group. Accordingly this ester was synthesised from the acid (IX, R = 
H) by way of the stages (XI, R = Me), (XII, R = Me), (XIII, R = Me), (XIV, R = Me) 
and (XV, R = Me) and the properties of the crude compound closely resembled those of 
(XVI, R =H). On treatment with sulphuric acid in the same manner it underwent 
cyclisation, yielding a mixture of the acid (XVII; R = Me, R, = H) and its ethyl ester 
(XVII; R = Me, R, = Et). 

‘In their general properties the synthetic analogues closely resemble usnolic acid and in 
certain respects decarbousnol. Unlike the ketonic esters type (XVI) and in agreement with 
the structure type (XVII), neither the synthetic acids nor their esters give a reaction with 
alcoholic ferric chloride or o-phenylenediamine (compare Asahina and Yanagita, Joc. cit.). 
In this connexion it may be noted that, though usnolic acid and decarbousnol do not react 
with o-phenylenediamine, they give blue-green ferric reactions, a property due to the 
presence of the hydroxyl and carbonyl groups of the usnetol residue; the latter invariably 
behaves in this manner except in usnic acid and decarbousnic acid, where this coloration is 
masked by the effect of the 1 : 3-diketonic system. The synthetic acids or their esters do 
not give the bright colorations on being gently warmed with sulphuric acid which are 
characteristic of the benzofuran nucleus, but both compounds give the intense brilliant blue 
Ehrlich reaction which in agreement with Asahina and Yanagita (Ber., 1937, 70, 1500) we 
have found to be characteristic of usnolic acid and decarbousnol and is not given by tisnic 
acid or any of its degradation products. The only other derivative of usnic acid which we 
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have found to give an Ehrlich reaction is the anilide of decarbousnic acid, but in this case 
the colour is yellowish-green, becoming greenish-yellow on dilution with much water. The 
synthetic acids or their esters do not appear to react readily with carbonyl reagents, ¢.g., 
2 : 4-dinitrophenylhydrazine, a result which is in keeping with the structure type (XVII) 
where the ethylenic linkages are in the «f- and «’B’-positions to the carbonyl group. Though 
Widman (Annalen, 1902, 324, 171) has shown that the methyl and ethyl esters of usnolic 
acid yield normal mono-oximes, these derivatives are almost certainly formed by reaction 
with the carbonyl group of the acetyl residue in the 7-position of the potential coumarone 
system in (III, R = CO,Me, or R = CO,Et). On being warmed with aniline, usnolic acid is 
converted into the anilide of decarbousnic acid with the elimination of carbon dioxide and it 
has been found that the acids (XVII; R = H, R, = H) and (XVII; R = Me, R, = H) 
behave in a similar manner, but the amorphous neutral products which give the same 
Ehrlich reaction as decarbousnic acid anilide have not yet been crystallised. Owing to lack 
of material the crystalline product obtained in small yield by the decarboxylation of the 
acid (XVII; R = Me, R, = H) has not been completely investigated, but it is clearly 
analogous to decarbousnol (compare Part V, Joc. cit.) and gives the same blue Ehrlich 
reaction. 

In our opinion the close similarity of the properties of usnolic acid with those of the 
synthetic analogues, type (XVII), affords clear evidence that the former compound and 
decarbousnol have the corresponding structures (III, R = CO,H) and (III, R = H), thus 
affording collateral evidence in favour of the expression (I, R = H) for usnic acid. It must 
be noted in this connexion that the expression (III, R = CO,H) for usnolic acid can also be 
derived on the basis of formula (V) for usnic acid and further that from formula (VII) a 
structure analogous to (III, R = CO,H) for usnolic acid is possible in which the methyl 
group in juxtaposition to the angular methyl is replaced by the residue -CH,°CO,H. The 
formulz (V) and (VII) for usnic acid, however, are clearly excluded by the results of Schépf 
and Ross (loc. cit.) and the former structure is also open to objections of a stereochemical 
nature. With regard to usnonic acid and dihydrousnic acid, for which Asahina and 
Yanagita (loc. cit.) have advanced structures based on their formulation of usnic acid, we 


hope to deal with this topic in a future communication, but it may be noted in the meantime 
that in view of the well-known tautomeric properties of the phloroglucinol nucleus, the 
suggestions of the Japanese authors may be equally well applied to formula (I, R = H). 
In any case evidence of the structure of dihydrousnic acid based on the results of its thermal 
degradation must be accepted with considerable reserve. 


EXPERIMENTAL. 


6-Methoxy-2-formyl-3-methylcoumarone (XII, R = H).—Ethyl 3-methoxy-6-acetylphenoxy- 
acetate was prepared from 2-hydroxy-4-methoxyacetophenone by the potassium carbonate— 
acetone method in almost theoretical yield and the acid formed by hydrolysis was converied into 
6-methoxy-3-methylcoumarone (XI, R = H) (Kostanecki and Tambor’s method, Ber., 1909, 
42, 901), which was also prepared by the following route: An ethereal solution of the product 
obtained by the interaction of resorcinol monomethy] ether (15 g.), chloroacetone (14-5 g.), and 
potassium carbonate (45 g.) in boiling acetone (250 c.c.) during 4 hours was extracted with excess 
of 5% aqueous sodium hydroxide to remove unchanged monomethy] ether (6 g.), washed with 
water, and dried. Distillation of the residue left on removal of the solvent yielded 3-methoxy- 
phenoxyacetone as a colourless oil (10-2 g.), b. p. 1560—153°/20 mm., which gave a 2 : 4-diniiro- 
phenylhydrazone, forming pale yellow needles, m. p. 146°, from ethyl acetate (Found: C, 53-5; 
H, 4:7; N, 15-7. CygH,,0,N, requires C, 53-3; H, 4:5; N, 15-6%). The phenoxy-ketone 
(4 g.) was dissolved.in concentrated sulphuric acid (16 c.c.), maintained at 0°, and 5 minutes later 
the brown solution was poured into ice-water, giving a precipitate of 6-methoxy-3-methyl- 
coumarone (0-33 g.) in plates, which was isolated with ether and purified by distillation, b. p. 
79—82°/0-4 mm., m. p. 58°, and gave a violet, blue, and finally green sulphuric acid reaction. 

Interaction of 6-methoxy-3-methylcoumarone (10 g.) and hydrogen cyanide (10 c.c.) in ether 
(100 c.c.) saturated with hydrogen chloride during 24 hours gave a crystalline aldimine hydro- 
chloride, which on hydrolysis with water (100 c.c.) on the steam-bath for 15 minutes furnished 
the aldehyde (10 g.), forming colourless prisms, m. p. 105°, from alcohol (Found : C, 69-3; H, 5-3. 
C,,H,,0, requires C, 69-5; H, 53%). The 2: 4-dinitrophenylhydrazone separated from ethyl 
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acetate in small red prisms, m. p. 262° (Found: N, 15-3. C,,H,,O,N, requires N, 15-1%); the 
semicarbazone had m. p. 248°. 

The aldehyde (0-5 g.), dissolved in acetone (15 c.c.) at 45°, was oxidised with a solution of 
potassium permanganate (0-9 g.) in water (20 c.c.) at the same temperature and after 1 hour the 
solution was cleared with sulphur dioxide, diluted with water, and extracted several times with 
ether. Evaporation of the combined extracts left 6-methoxy-3-methylcoumarone-2-carboxylic 
acid mixed with a little unchanged aldehyde, The latter was removed by means of aqueous 
sodium bicarbonate and, on crystallisation from alcohol, the acid formed needles, m, p, 190° 
(decomp.), identical with an authentic specimen (Kostanecki and Lampe, Ber., 1908, 41, 1330) 
and giving an intense brown coloration with alcoholic ferric chloride (Found: C, 64:0; H, 5-1, 
Calc. for C,,H,,0,: C, 64-1; H, 49%). 

6-Methoxy-3-methylcoumarone-2-pyruvic Acid (XIV, R = H),—Condensation of the foregoing 
aldehyde (8 g.) with hippuric acid (14 g.) by means of acetic anhydride (50 c.c,) and sodium 
acetate (8 g.) on the steam-bath in the course of 1} hours gave the azlactone (XIII, R = H), 
which separated on the addition of 50% alcohol (140 c.c.) to the reaction mixture and then 
formed orange-red rectangular prisms (12 g.), m. p. 194°, from alcohol (Found : C, 72-0; H, 4-6; 
N, 4:4. Cgg9H,,;0,N requires C, 72-1; H, 4:5; N, 4:2%). Hydrolysis of this compound (8 g.) 
was effected with boiling 10% aqueous sodium hydroxide (120 c.c.) for 8 hours and after the 
addition of water (100 c.c.) the solution was saturated with sulphur dioxide, the benzoic acid 
removed with ether, and the aqueous liquor digested on the steam-bath with concentrated 
hydrochloric acid (30 c.c.) for 14 hours, giving a yellow crystalline precipitate of the pyruvic acid 
(XIV, R=H). Recrystallised from dilute methyl alcohol, this compound formed pale yellow 
needles (3 g.), m. p. 196°, which, on being warmed with concentrated sulphuric acid, became 
reddish-brown and then green (Found : C, 62-8; H, 4-9. C,,H,,O, requires C, 62-9; H, 48%). 
The oxime separated from ethyl acetate—light petroleum (b. p. 60—80°) in colourless prisms, m. p, 
166° (Found : N, 5-3. C,,;H,,0,;N requires N, 5-3%). 

6-Methoxy-3-methylcoumarone-2-acetic Acid (KV, R = H).—30% Hydrogen peroxide (4 c.c.) 
was slowly added to the foregoing pyruvic acid (2 g.), dissolved in 5% aqueous sodium hydroxide, 
and 1 hour later the solution was warmed at 50° for 15 minutes, cooled, and saturated with 
sulphur dioxide. The resulting coumavone-2-acetic acid separated from methyl alcohol in 
colourless leaflets (1-6 g.), m. p. 145°, which gave a brown, then red, and finally purple sulphuric 
acid reaction (Found : C, 65-4; H, 5-5. C,,H,,O, requires C, 65-5; H, 5-5%). 

Phosphorus pentachloride (5 g.) was added in three portions to a solution of the acid (5 g.) in 
absolute chloroform (50 c.c.) in the course of 10 minutes, the mixture warmed at 40° for 6 
minutes to ensure that the reaction was complete, and the solvent and phosphoryl chloride 
removed in a vacuum. To ensure the removal of the last traces of phosphoryl chloride the 
residue was twice dissolved in benzene and the solvent again evaporated in a vacuum, finally 
leaving the acid chloride as a pale greenish oil, a — of which gave the amide on treatment 
with excess of concentrated aqueous ammonia. e latter substance formed colourless plates, 
m. p. 162°, from benzene (Found : N, 6-6. C,,H,,0,N requires N, 6-4%). 

6'-Methoxy-3' : 3-dimethyl-2' : 3'-dihydrobenzofurano-(2' : 3' : 5 : 4) -A**5-cyclohexadienone -2- 
carboxylic Acid (XVII; R=H, R, = H).—A solution of the aforementioned acid chloride 
(from 5 g. of acid) in absolute ether (40 c.c.) was added to ethyl sodioacetoacetate (from 3 g. of 
ester and 0-6 g. of sodium) in ether (65 c.c.) (agitate), maintained at about — 5°, in the course of 
10 minutes and, after having been kept at room temperature for 18 hours, the mixture was 
refluxed for 1 hour. More ether was then added to the cooled mixture, followed by sufficient 
water to dissolve the sodium chloride, the aqueous layer was separated and twice extracted with 
ether, and the combined ethereal solutions washed several times with aqueous sodium bicarbon- 
ate to remove 6-methoxy-3-methylcoumarone-2-acetic acid (0-75 g.), dried, and evaporated, 
leaving the keto-ester (XVI, R = H) mixed with a little ethyl acetoacetate. The iatter im- 
purity was removed by distillation in a high vacuum, 0-1 mm, (oil bath at 80°), and the residual 
product obtained as a very viscous, pale orange-yellow liquid which did not solidify and decom- 
posed in the course of attempts to purify it by distillation. With alcoholic ferric chloride this 
material gave an intense orange-red coloration. 

A solution of the crude keto-ester (XVI, R = H) (5 g.) in concentrated sulphuric acid (25 g.) 
was kept at 60° for 1} hours and then poured into ice-water (250 g.), giving a dark brown, viscous 
precipitate. The mixture was extracted several times with ether, and the combined extracts 
washed twice with saturated aqueous sodium bicarbonate. Acidification of the latter washings 
with hydrochloric acid precipitated the acid (XVII; R = H, R, = H), which was purified by 
repeated crystallisation from aqueous alcohol (charcoal) and was obtained as a hydrate in yellow 
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or pale yellow (depending on the size of crystal), diamond-shaped plates (0-8 g.), m. p. 147°, 
readily soluble in aqueous sodium bicarbonate and having a negative ferric reaction in alcohol 
and a negative sulphuric acid reaction, alone or in the presence of a drop of ferric chloride 
(Found: C, 63-3; H, 5-2; OMe, 10-5. C,,;H,,0,(OMe),H,O requires C, 63-2; H, 5-3; OMe, 
10-2%. Found in a specimen dried in a high vacuum at 100°: C, 66-1, 65-9; H, 5-1, 5:0. 
C,.H,,O; requires C, 67:1; H, 4.9%]. Admixed with 6-methoxy-3-methylcoumarone-2-acetic 
acid, m. p. 145°, this compound melted at about 110°. Treatment of the well-powdered hydrate 
with an excess of ethereal diazomethane gave rise to the methyl ester, which separated 
from aqueous methyl alcohol and then from light petroleum (b. p. 60—-80°) containing a little 
benzene in almost colourless, squat prisms, m. p. 101° [Found: C, 67-9; H, 5-4; OMe, 20-5. 
C,5H,0,(OMe), requires C, 68-0; H, 5-3; OMe, 20-7%]. 

Evaporation of the dried ethereal solution left on separation of the acid gave the ethyl ester 
(XVII; R=H, R, = Et), which formed colourless, elongated, rectangular prisms (0-3 g.), 
m. p. 122°, from dilute alcohol, insoluble in dilute aqueous sodium hydroxide and having negative 
ferric and sulphuric acid reactions [Found : C, 68-8; H, 5-7; OAlkyl, 10-0. C,;H,,90,(OMe)(OEt) 
requires C, 68-8; H, 5-7; OAlky', 10-2%]. After this ester (0-2 g.) had been heated with con- 
centrated sulphuric acid (2 c.c.) at 60° for 14 hours, the addition of ice-water to the cooled 
mixture gave a precipitate of the acid (XVII; R = H, R, = H), which on purification from 
dilute alcohol gave the hydrate, m. p. and mixed m. p. 147°. When the ethyl ester (0-2 g.) was 
heated on the water-bath for 1 hour with acetic acid (3 c.c.) and concentrated hydrochloric acid 
(1-5 c.c.), and the mixture diluted with water, an oily precipitate was obtained from which 
6-methoxy-3-methylcoumarone-2-acetic acid, m. p. 145°, was isolated by means of aqueous 
sodium bicarbonate and purified from methy] alcohol. 

Esterification of the ¢cid (XVII; R= H, R, =H) with excess of ethereal diazoethane 
regenerated the ethyl ester, m. p. and mixed m. p. 122°, after crystallisation from dilute alcohol 
and then light petroleum (b. p. 80—100°). 

When a small amount of the acid or either of its esters and an equal amount of p-dimethyl- 
aminobenzaldehyde were gently warmed with 2 drops of hydrochloric acid for a few seconds and 
the mixture treated with 2—3 c.c. of alcohol, an intense bright blue solution was obtained, 
identical with that given by decarbousnol or usnolic acid (Ehrlich’s reaction). Under the same 
conditions decarbousnic acid does not give a coloration. 

3-Methoxy-6-acetyl-2-methylphenoxyacetic Acid (IX, R = H).—In the preparation of 2-hydr- 
oxy-4-methoxy-3-methylacetophenone according to the directions of Robinson and Shah (J., 
1934, 1494) the amount of methyl iodide should be 322 g., z.e., 5 mols., and not 225 g. as given by 
these authors. When 345 g. of iodide were used in this experiment, the yield of ketone obtained 
was 30 g. 

Interaction of this ketone (20 g.), ethyl bromoacetate (35 g.), and potassium carbonate (30 g.) 
in boiling acetone (200 c.c.) during 48 hours gave rise to the ethyl ester (IX, R = Et) of the 
phenoxyacetic acid, which on distillation was obtained as a colourless oil (20 g.), b. p. 180— 
185°/15 mm.; the 2 : 4-dinitrophenylhydrazone formed bright orange needles, m. p. 167°, from 
ethyl acetate (Found: C, 54:0; H, 49; N, 12-7. C,oH,,O,N, requires C, 53-8; H, 4-9; N, 
12-6%). The crude ester (20 g.) was boiled with aqueous-alcoholic potassium hydroxide (from 
250 c.c. of water, 150 c.c. of alcohoi, and 20 g. of alkali) on the steam-bath for 1 hour, the greater 
part of the alcohol distilled in a vacuum, and the residue acidified with dilute hydrochloric acid. 
The resulting acid (IX, R = H) formed colourless, slender rods (12 g.), m. p. 133°, from warm 
water [Found : C, 60:5; H, 5-8; OMe, 12-9. C,,H,,O,(OMe) requires C, 60-5; H, 5-9; OMe, 
13-0%). 

6-Methoxy-3 : 7-dimethylcoumarone-2-carboxylic Acid (X, R= H).—A solution of ethyl 
3-methoxy-6-acetyl-2-methylphenoxyacetate (5 g.) in alcohol (15 c.c.) containing sodium 
ethoxide (from 0-35 g. of sodium) was refluxed for 1 hour, diluted with water, and extracted 
several times witn ether. Evaporation of the dried extracts left ethyl 6-methoxy-3 : 7-dimethyl- 
coumarone-2-cavooxylate, which separated from dilute alcohol in colourless plates (1-2 g.), m. p. 
75°, giving a blue coloration with warm sulphuric acid (Found; C, 67-8; H, 6-4. C,,H,,O, 
requires C, 67:7; H, 6-5%). Acidification of the alkaline liquors left on isolation of the ester 
with hydrochloric acid yielded 3-methoxy-6-acetyl-2-methylphenoxyacetic acid (2-5 g.), m. p. 
and mixed m. p. 133°, after purification. 

Hydrolysis of the ester (X, R = Et) (0-8 g.) with 5% aqueous-alcoholic potassium hydroxide 
(25 c.c.) for 1 hour gave rise to the acid (X, R = H), which formed colourless plates (0-5 g.), m. p. 
225° (decomp.), from ethyl acetate [Found: C, 65°56; H, 5-5; OMe, 14-0. C,,H,O,(OMe) 
requires C, 65:5; H, 5-5; OMe, 141%]. 
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6-Methoxy-3 : 7-dimethylcoumarone (XI, R = Me).—A mixture of 3-methoxy-6-acetyl-2- 
methylphenoxyacetic acid (20 g.), sodium acetate (50 g.), and acetic anhydride (150 c.c.) was 
refluxed for } hour and after the decomposition of the anhydride with an excess of water the 
mixture was neutralised with sodium carbonate, and the product isolated with ether. On 
distillation in a vacuum the coumarone was obtained as a colourless oil (12 g.), b. p. 92—93°/0-1 
mm., giving a pale green and then blue sulphuric acid reaction (Found: C, 74-7; H, 6-8. 
C,,H,,O, requires C, 75-0; H, 68%). The picrate of this substance formed bright red, rect- 
angular prisms, m. p. 92°, from alcohol (Found : C, 50-5; H, 3-8; N, 10-4. C,,H,,0,,C,H,;O,N,; 
requires C, 50-4; H, 3-7; N, 10-4%). 

6-Methoxy-2-formyl-3 : 7-dimethylcoumarone (XII, R = Me).—Interaction of the foregoing 
coumarone (10 g.), hydrogen cyanide (10 c.c.), and excess of hydrogen chloride in ether (100 c.c.), 
followed by hydrolysis of the resulting greenish-yellow aldimine hydrochloride with water 
(100 c.c.) on the steam-bath, gave the aldehyde, which separated from alcohol in clusters of 
tetrahedral prisms (10 g.), m. p. 102° [Found: C, 70-6; H, 6-0; OMe, 15-0. C,,H,O,(OMe) 
requires C, 70-6; H, 5-9; OMe, 15-2%]. The 2: 4-dinitrophenylhydrazone formed red needles, 
m. p. 284°, from ethyl acetate (Found: N, 14:5. C,,H,,O,N, requires N, 14-6%). 

Oxidation of the aldehyde (0-5 g.), dissolved in acetone (15 c.c.), with a solution of potassium 
permanganate (0-9 g.) in water (20 c.c.) gave rise to 6-methoxy-3 : 7-dimethylcoumarone-2- 
carboxylic acid, which was separated from a little unchanged aldehyde by means of aqueous 
sodium bicarbonate and then crystallised from ethyl acetate, forming colourless prisms (0-2 g.), 
m. p. 225° (decomp.), identical with an authentic specimen. 

6-Methoxy-3 : 7-dimethylcoumarone-2-pyruvic Acid (XIV, R = Me).—Condensation of the 
aforementioned aldehyde (8 g.) with hippuric acid (14 g.) by means of acetic anhydride (50 c.c.) 
and sodium acetate (8 g.) on the steam-bath for 14 hours and subsequent addition of 50% alcohol 
(140 c.c.) yielded the azlactone (XIII, R = Me), which was digested with warm alcohol and then 
crystallised from ethyl acetate, forming elongated, rectangular, crimson prisms (12 g.), m. p. 218°, 
sparingly soluble in alcohol (Found : C, 72-6; H, 5-0; N, 4:2. C,,H,,0O,N requires C, 72-6; H, 
4-9; N, 40%). 

The azlactone (10 g.) was hydrolysed with boiling 10% aqueous sodium hydroxide (150 c.c.) 
during 8 hours and on isolation by the method employed for the lower homologue (XIV, R = H) 
the resulting pyruvic acid was obtained as a yellow microcrystalline solid (4-5 g.), which separated 
from alcohol in tiny, pale yellow needles, m. p. 228° (Found: C, 64:2; H, 5-5. C,,H,,0, 
requires C, 64-1; H, 5-3%). The oxime formed clusters of colourless rectangular prisms, m. p. 
162° (decomp.), from dilute acetic acid (Found: N, 5-1. C,,H,,0,;N requires N, 5-1%). 

During the hydrolysis of the azlactone a small amount of a crystalline solid appeared in the 
condenser. This material (from several experiments) was distilled in steam and then crystallised 
from aqueous methyl alcohol, forming clusters of diamond-shaped plates, m. p. 41°, which gave 
an olive-green and then a blue sulphuric acid reaction [Found: C, 75:7; H, 7-4; OMe, 16-2. 
C,,H,,0(OMe) requires C, 75-8; H, 7-4; OMe, 16-3%]. The picrate separated from methyl 
alcohol in deep crimson needles, m. p. 103° (Found : C, 51-7; H, 4:2; N, 9-9. C,,H,,0,,C,H,O,N, 
requires C, 51-6; H, 4-1; N,106-0%). From its analysis and properties this compound is clearly 
6-methoxy-2 : 3 : 7-trimethylcoumarone and is probably formed by decomposition of the pyruvic 
acid. Hydrogenation of the coumarone, dissolved in acetic acid, with the aid of a palladium-— 
charcoal catalyst gave rise to 6-methoxy-2 : 3: 7-trimethylcoumaran, which was obtained as a 
colourless mobile oil, having a negative sulphuric acid reaction (Found: C, 75-4; H, 8-5. 
C,,H,,O, requires C, 75-0; H, 8-3%). (A considerable number of analogous azlactones have 
been hydrolysed in this laboratory but this is the first occasion on which the formation of a 
product of this type has been observed.—A. R.) 

6-Methoxy-3 : 7-dimethylcoumarone-2-acetic Acid (KV, R = Me).—Oxidation of the foregoing 
pyruvic acid (XIV, R = Me) (2 g.), dissolved in 5% aqueous sodium hydroxide (40 c.c.), with 
30% hydrogen peroxide (4 c.c.) during 1 hour gave rise to the coumarone-2-acetic acid as a light 
brown solid, which separated from dilute alcohol (charcoal) in colourless rectangular prisms 
(1-6 g.), m. p. 158° [Found : C, 66-7; H, 6-0; OMe, 13-2. C,,H,,0,;(OMe) requires C, 66-7; H, 
5-9; OMe, 13-3%]. 

By the method employed in the case of 6-methoxy-3-methylcoumarone-2-acetic acid this 
acid (5 g.) was converted into the chloride with phosphorus pentachloride (5 g.) in chloroform 
(50 c.c.). The product was obtained as a light brown oil and on treatment with a little con- 
centrated ammonia solution a specimen gave the amide, which formed plates, m. p. 179°, from 
benzene (Found : N, 6-2. C,,;H,,;0,N requires N, 6-0%). 

6’-Methoxy-3' : 7’ : 3-trimethyl-2' : 3'-~dihydrobenzofurano-(2’ : 3’ : 5 : 4)-A**5-cyclohexadienone- 
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2-carboxylic Acid (XVII; R = Me, R, = H).—A solution of the aforementioned acid chloride 
(from 5 g. of acid) in absolute ether (40 c.c.) was added to a suspension of ethyl sodioacetoacetate 
(from 3 g. df ester and 0-6 g. of sodium) in the same solvent (65 c.c.) at below 0° and 18 hours later 
the mixture was refluxed for 1 hour. The ethereal solution was washed with water and then 
several times with aqueous sodium bicarbonate to remove 6-methoxy-3 : 7-dimethylcoumarone- 
2-acetic acid, dried, and evaporated, leaving the product mixed with a small amount of ethyl 
acetoacetate. Removal of the latter impurity in a high vacuum (oil bath at 80°) left the ester 
(XVI, R = Me) as a pale reddish-brown, viscous, wax-like, semi-solid (5-4 g.), which gave an 
intense orange-red ferric reaction in alcohol. Cyclisation of this material (5 g.) was effected with 
concentrated sulphuric acid (25 g.) at 60° for 1? hours, and the products worked up by the 
method employed in the case of the lower homologue (XVI; R = H,R, =H). Crystallisation 
of the acidic fraction from aqueous acetone (charcoal) gave the acid (XVII; R = Me, R, = H)in 
clusters of pale straw-coloured needles or plates, m. p. 150°, readily soluble in alcohol, acetic acid, 
or benzene, sparingly soluble in light petroleum, and having a negative ferric reaction in alcohol 
[Found in specimen dried in a high vacuum at 70°: C, 68-0; H, 5-3; OMe, 10-2. C,,.H,,;0,(OMe) 
requires C, 68-0; H, 5-3; OMe, 10-3%]. A mixture of 6-methoxy-3 : 7-dimethylcoumarone-2- 
acetic acid, m. p. 158°, and this acid melted at about 127°. On being warmed with concentrated 
sulphuric acid, this substance did not give a coloration alone or in the presence of a drop of ferric 
chloride. 

From the neutral fraction, which was obtained as a brown oil, boiling light petroleum (b. p. 
40—60°) extracted a light brown solid, which on crystallisation from aqueous alcohol gave the 
estey (XVII; R = Me, R = Et) in small, colourless, squat, hexagonal prisms (0-5 g.), readily 
soluble in alcohol or benzene, sparingly soluble in cold light petroleum, and having negative 
sulphuric acid and ferric reactions [Found : C, 69-6; H, 6-3; OAlkyl, 9-8. C,,H,,0,;(OMe)(OEt) 
requires C, 69-5; H, 6-1; OAlkyl, 9-8%]. When a solution of the ester (0-2 g.) in concentrated 
sulphuric acid (2 g.) was kept at 60° for 14 hours, cooled, and treated with an excess of ice-water, 
a precipitate of the acid (XVII; R = Me, R, = H) was obtained. On purification by means of 
aqueous sodium bicarbonate and crystallisation from aqueous acetone this specimen had m. p. 
and mixed m. p. 150°. Esterification of the acid with excess of ethereal diazoethane regenerated 
the ethyl ester, m. p. and mixed m. p. 115° after purification from aqueous alcohol. 

Both the acid (XVII; R = Me, R, = H) and its ethyl ester gave intense bright blue color- 
ations with Ehrlich’s reagent, identical with those given by the acid (KVII; R = H, R, = Hi), 
decarbousnol, and usnolic acid. When the acid (0-3 g.) was heated with aniline (1-5 c.c.) on the 
steam-bath for 2 minutes, carbon dioxide was evolved and after the addition of alcohol (3 c.c.) 
and then acetic acid (3 c.c.) a light brown amorphous product was precipitated with water which 
would not crystallise (Found in material reprecipitated from acetic acid and dried: N, 3-5. 
Calc. for C,,H,,0,N : N, 4:0%). The Ehrlich reaction given by this product was almost identical 
with that of the anilide of decarbousnic acid. 


The authors are indebted to Imperial Chemical Industries, Limited, for a grant in aid of this 
investigation. 


UNIVERSITY OF LIVERPOOL. [Received, August 5th, 1939.] 





337. Sumatrol. Part II. The Synthesis of 
Dehydrotetrahydrosumatrol. 


By Tuomas S. KENNY, ALEXANDER ROBERTSON, and (in part) STEPHEN W. GEORGE. 


Condensation of the nitrile (I) with the phenol (II) by Hoesch’s method and 
hydrolysis of the product gave rise to the acid (III, R = H) along with a phenolic by- 
product. On cyclisation with hot acetic anhydride and sodium acetate this acid (III, 
R = H) gave the diacetate of dehydrotetrahydrosumatrol and on deacetylation the 
latter furnished dehydrotetrahydrosumatrol, for which two formule (IV, R = H) and 
type (V) are possible. In agreement with the angular orientation for sumatrol (VI) 
it appears probable that the compound has structure (IV). 


From the results of dehydrogenation and hydrolysis experiments it was concluded in 
Part I (J., 1937, 497) that sumatrol was a 5-hydroxydimethoxychromanochromanone and 
since, like rotenone, sumatrol gave rise to dihydro- and tetrahydro-derivatives, which 
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could be oxidised to the corresponding dehydro-products, it was suggested that the com- 
pound contained an isopropylenedihydrofurano-system. As a further step in the study of 
the constitution of this substance it seemed essential that the structure of tetrahydro- 
sumatrol or of its dehydro-derivative should be conclusively established and, though the 
analytical procedure employed in the case of toxicarol (J., 1935, 681; 1937, 1535) could 
have been applied, it was decided, in view of t’:e small reserves of tetrahydro- and dehydro- 
tetrahydro-sumatrol available, to attempt the synthesis of the latter compound. 

Reduction of phlorisovalerophenone by Clemmensen’s method gave isoamylphloro- 
glucinol (II), which on condensation with methyl 2-cyanomethyl-4 : 5-dimethoxyphenoxy- 
acetate (I) by the method of Hoesch and subsequent hydrolysis of the crude ketimine in 
the usual manner, followed by hydrolysis of the resulting ester (III, R = Me) with alkali, 
yielded tetrahydrosumatrolic acid (III, R = H), which in most of our experiments was 
accompanied by a phenolic by-product. Cyclisation of the acid (III, R = H) with boiling 
acetic anhydride and sodium acetate furnished a small yield of the diacetate of dehydro- 
tetrahydrosumatrol, which on deacetylation with warm aqueous alcoholic hydrochloric 
acid gave rise to dehydrotetrahydrosumatrol in almost quantitative yield, identical in 
every way with a specimen prepared from sumatrol. 


C5H;(#80) O,R — 


MeO O-CH,°CO,Me OH OCH 
MeO HCN 


(I.) a (III.) 
CH,O C io iso) 


OAc 
Co iso) 
(IV. * ¥* - 


Though on cyclisation tetrahydrosumatrolic acid yielded only acidic material (crude 
diacetate of the acid) along with O-diacetyldehydrotetrahydrosumatrol, it is clear that this 
acid could give rise to two cyclisation products represented by formula (IV, R = Ac) 
and (V), which correspond to the angular and the linear structure respectively with refer- 
ence to rings C, D, and E of sumatrol (Part I, Joc. cit.). By analogy with toxicarol we 
prefer the angular structure which has been tentatively suggested for sumatrol (J., 1937, 
1537) and accordingly consider that dehydrotetrahydrosumatrol is represented by the 
expression (IV, R = H). In support of this view it may be noted that, whereas dihydro- 
toxicarolic acid on cyclisation might be expected to give rise to two products, only one, 
the diacetate of dehydrodihydrotoxicaroi, having the angular structure, appears to be 
formed (compare J., 1935, 1535). The structure now established for dehydrotetrahydro- 
sumatrol implies that the formula suggested in Part I (loc. cit.) for tetrahydrosumatrol 
should have the isoamyl residue in the 8- and not the 6-position and further by analogy 
with the formation of tetrahydrorotenone from rotenone it now seems reasonably certain 
that sumatrol contains the tsopropylenedihydrofuran (VI) system present in rotenone. 

Our investigation of the phenolic by-product, which has also been obtained by the 
action of ethereal hydrogen chloride and zinc chloride on ssoamylphloroglucinol, has not 
yet been completed. 





H,-CH-CMe:CH, 
EO 





OH (VI) 


EXPERIMENTAL. 


Phlorisovalerophenone.—Karrer and Rosenfeld (Helv. Chim. Acta, 1921, 4, 712) describe 
the preparation of this compound by Hoesch’s method and give m. p. 96° and 176—178° for 
the hydrate and anhydrous material respectively. On the other hand, Rosenmund and Lohfert 
(Ber., 1928, 61, 2607) have obtained this ketone by the Friedel-Crafts procedure with nitro- 
benzene as a diluent, but give m. p. 145° without recording analytical data. We have pre- 
pared the ketone in quantity according to the method of the latter authors and by the follow- 





[1939] Part II. The Synthesis of Dehydrotetrahydrosumatrol. 1603 


ing improved modification: A mixture of anhydrous phloroglucinol (16 g.; 1-25 mols.) and 
powdered aluminium chloride (20 g.; 1-5 mols.) was dissolved in nitrobenzene (200 c.c.) in 
the course of 1 hour, and isovaleryl chloride (13 g.; 1 mol., from synthetic isovaleric acid) 
then added to the solution at 0°. Three days later the reaction mixture was treated with ice 
(200 g.) and dilute hydrochloric acid (200 g.) and extracted six times with ether, the extracts 
washed with water and then with aqueous sodium bicarbonate, the ether distilled on the steam- 
bath, the nitrobenzene removed in a current of steam, and the warm residual aqueous liquor 
decanted from the insoluble resin. On cooling, the aqueous solution (agitate) deposited the 
ketone in rhombic prisms. Repeated extraction of the resinous material by boiling with the 
aqueous filtrate from the main crop of crystals or with benzene gave further small quantities 
of the ketone. On being recrystallised several times from water, this compound formed the 
hydrate in thick, pale yellow plates (8—10 g.), which gave a deep reddish-brown ferric reaction 
and were readily dehydrated, yielding anhydrous material, m. p. 145° (Found for a specimen 
dried in a high vacuum at 105°: C, 63-0; H, 6-7. Calc. for C,,H,,0,: C, 62-9; H, 6-7%). 
On being warmed with aqueous or alcoholic solutions of 2 : 4-dinitrophenylhydrazine in the 
usual manner, the ketone did not yield the hydrazone, but when a solution of the compound 
(1 g.) in alcohol (10 c.c.) was added to a paste of 2 : 4-dinitrophenylhydrazine (1 g.) and con- 
centrated sulphuric acid (2 c.c.) which had been treated with alcohol (15 c.c.), and the reaction 
mixture then warmed on the steam-bath, dark red needles of the required hydrazone separated ; 
a further quantity was precipitated by the addition of water. Recrystallised from alcohol, 
this derivative formed dark red needles, m. p. 196° (Found: N, 14-4. C,,H,,0,N, requires 
N, 142%). 

Condensation of phloroglucinol (1-5 g.) and isovaleronitrile (1-5 g.) with excess of hydrogen 
chloride and zinc chloride (1-5 g.) in ether (40 c.c.) and hydrolysis of the product with water 
(20 c.c.) on the steam-bath for 4 hour and then under reflux furnished a product, m. p. 166— 
168°, which on repeated purification from water had m. p. 182—183°. This material, which 
gave a reddish-brown ferric reaction in alcohol, appeared to be a mixture and on being heated 
in a high vacuum at 110—115° gave a sublimate of phlorisovalerophenone, m. p. and mixed 
m. p. 145°, leaving a dark residue (compare Karrer and Rosenfeld, Joc. cit.). 

isoA mylphloroglucinol._—A solution of the foregoing ketone (2 g.) in alcohol (20 c.c.) was 
added to 12% hydrochloric acid (80 c.c.), containing amalgamated zinc dust (50 g.), and after 
the addition of more acid (20 c.c.) 2 days later the mixture was heated on the steam-bath for 
1 hour and then under reflux for 6 hours with the addition of more acid (20 c.c.). The cooled, 
filtered solution was extracted six times with ether, the combined extracts washed with aqueous 
sodium bicarbonate, dried, and evaporated, and the dark viscous residue dissolved in warm 
chloroform. The phenol, which separated from the cooled solution, formed colourless needles 
(1-2 g.), m. p. 126°, from benzene, which gave a faint blue coloration with aqueous ferric chloride 
and a negative reaction with the alcoholic reagent (Found : C, 67:4; H, 8-2. C,,H,,O, requires 
C, 67-4; H, 82%). A similar yield of the phenol was obtained when the reduction was carried 
out by Martin’s procedure (J. Amer. Chem. Soc., 1936, 58, 1438). 

4: 5-Dimethoxyphenoxyacetic Acid-2-isoamylphloracetophenone (Tetrahydrosumatrolic Acid) 
(III, R = H).—A mixture of isoamylphloroglucinol (6 g.), methyl 2-cyanomethyl-4 : 5-di- 
methoxyphenoxyacetate (J., 1933, 1163) (4 g.), powdered zinc chloride (6 g.), and ether (200 c.c.) 
was saturated with hydrogen chloride. Seven days later more ether (150 c.c.) was added, 
the solvent was decanted, and, after being washed with ether (4 x 50 c.c.), the residual oil 
was heated with water (100 c.c.) on the steam-bath for 2 hours. Next day the aqueous liquor 
was decanted, the viscous product heated with 5% aqueous potassium hydroxide (60 c.c.) 
and zinc dust (1 g.) on the steam-bath for 1 hour, the resulting filtered solution acidified with 
hydrochloric acid and the oily precipitate thoroughly extracted with aqueous sodium 
bicarbonate, leaving an insoluble phenolic by-product. Acidification of this extract with hydro- 
chloric acid gave tetrahydrosumairolic acid, containing resinous impurities. On repeated 
crystallisation from 20% aqueous acetone the acid formed elongated prisms, m. p. 206°, readily 
soluble in acetone, alcohol, and chloroform and slightly soluble in benzene [Found: C, 61-6; 
H, 6-3; OMe, 13-9. C,,H,,0,(OMe), requires C, 61-6; H, 6-3; OMe, 13-8%]. It gave a 
purple coloration with alcoholic ferric chloride. 

On being crystallised from dilute alcohol, the phenolic by-product, which was insoluble 
in aqueous sodium bicarbonate, formed colourless needles, m. p. 134°, soluble in acetone, ethyl 
acetate, and hot benzene and having a negative ferric reaction in alcohol or water (Found : 
C, 70-4; H, 8-9. Calc. for C,,H3,0,: C, 70-6; H, 80%). Prepared by the acetic anhydride— 
pyridine method, the acetate separated from aqueous alcohol in colourless needles, m. p. 51°, 
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insoluble in aqueous sodium hydroxide [Found: C, 66-4; H, 7-9. Calc. for C,,H;,O, (tetra- 
acetate): C, 66-4; H, 70%. Calc. for C,H, O,. (penta-acetate) : C, 65-6; H, 6-9%]. 

Dehydrotetvahydrosumairol (IV, R = H).—A mixture of the foregoing acid (0-8 g.), sodium 
acetate (0-45 g.), and acetic anhydride (10 c.c.) containing acetic acid (0-5 c.c.) was refluxed 
for 15 minutes, and the excess of anhydride decomposed with water (140 c.c.). The resulting 
brown solid was extracted with aqueous sodium bicarbonate to remove acidic material, and the 
insoluble residue crystallised from 50% acetone and then methyl alcohol, giving O-diacetyl- 
dehydrotetrahydrosumatrol (IV, R = Ac) in pale straw-coloured, slender needles, m. p. 193— 
194° with slight sintering at 189°, soluble in chloroform, benzene, or ethyl acetate and having 
a negative ferric reaction (Found: C, 65-4; H, 5-7. Calc. for C,,H,,0,: C, 65-3; H, 5-7%). 
This compound was identical in every way with a specimen of the natural diacetate, which 
has been found to have m. p. 193—194° after sintering at 187°, and not m. p. 197° as stated 
in Part I (loc. cit.). 

A solution of the diacetate (0-05 g.) in alcohol (5 c.c.) and concentrated hydrochloric acid 
(2 c.c.) was boiled for 10 minutes and on removal of the greater part of the alcohol the residue 
deposited dehydrotetrahydrosumatrol, which formed clusters of pale yellow, elongated, flat 
prisms, m. p. 218°, alone or mixed with a natural specimen (Part I, loc. cit.) (Found: C, 67-0; 
H, 6-0. Calc. for C,,H,,0,: C, 67-0; H, 59%). The dark green ferric reaction of the syn- 
thetical compound was identical with that of the natural substance. 
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338. The Mechanism of the Synthesis of Hydrocarbons from Water 
Gas. 


By S. R. CRAxForD and Eric K. RIDEAL. 


Experiments on the rates of formation and reduction of cobalt carbide on cobalt-— 
thoria—kieselguhr catalysts under various conditions indicate that the first step in 
the Fischer-Tropsch synthesis of hydrocarbons from carbon monoxide and hydrogen 
is the reaction of these gases with the catalyst to give cobalt carbide. When this is 
reduced by chemisorbed hydrogen atoms, as indicated by the ortho—para-hydrogen 
conversion, methane only is formed, and no higher hydrocarbons. Reduction by 
molecular hydrogen—absence of ortho-para-conversion—leads to formation of oils. 
Hence, in order to obtain oils, the conditions of the synthesis have to be adjusted so 
that only very few chemisorbed hydrogen atoms are present on the catalyst surface, 
and then, not only are the ortho—para-hydrogen conversion and the synthesis of 
methane inhibited, but also the water-gas shift reaction, and the catalytic hydrogen- 
ation-cracking of paraffin hydrocarbons. 


















FISCHER and Tropscu (Ber., 1926, 59, 830) noted that, on passage of a mixture of carbon 
monoxide and hydrogen over an iron or cobalt catalyst maintained at 200—250°, long- 
chain paraffins and olefins were produced. The present investigation was carried out to 
elucidate the mechanism of this reaction, which possesses the following interesting charac- 
teristics. One of the best catalysts now used is of the type developed by Fischer and 
Koch (Brennstoff. Chem., 1932, 18, 61), and contains cobalt, thoria, and kieselguhr in the 
proportions 100:18:100. It is prepared by precipitation as carbonates and reduction 
with hydrogen at 375°. When this freshly reduced catalyst is maintained in contact with 
synthesis gas, CO + 2H,, at 195°, methane, carbon dioxide, and some water are formed, 
but if the temperature is 150° at the beginning and is raised very slowly to 195°, methane 
and carbon dioxide are formed at first as before, but the Fischer synthesis of oils and 
water gradually sets in and replaces the synthesis of methane and carbon dioxide 
(Herington and Woodward, Trans. Faraday Soc., 1939, 35, 958). The Fischer synthesis 
is restricted to a narrow temperature range, oil being scarcely formed at all below 175°, 
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and being replaced by methane and carbon dioxide above 225° (Tsuneoka and Murata, /. 
Soc. Chem. Ind. Japan, Suppl. 1937, 40, 4788). The synthesis of methane persists at 
very much higher temperatures, ¢.g., 370°. After continued synthesis of oil, the catalyst 
gradually loses its activity but can be revivified almost completely by treatment with 
hydrogen at the synthesis temperature. When this hydrogen is replaced by synthesis 
gas, the revivified catalyst forms carbon dioxide and methane for the first few hours, and 
then normal synthesis sets in, thus exhibiting a striking contrast to the behaviour of a 
freshly reduced catalyst (Herington and Woodward, loc. cit.). Finally, pressures of 50 
atm. or more induce the formation of oxy-compounds such as alcohols, acids, and aldehydes 
(Fischer and Kiister, Brennstoff. Chem., 1933, 14, 3). 

It is significant that the three metals, cobalt, nickel, and iron, which show activity as 
Fischer catalysts at atmospheric pressure, all react at 200° with carbon monoxide to 
form carbides, and Fischer has always postulated that such carbides are intermediate 
compounds in the synthesis. Bahr and Jessen (Ber., 1930, 683, 2227) found that pre- 
cipitated and reduced cobalt reacted smoothly at 230° with carbon monoxide as follows : 
2CO + 2Co—» Co,C + CO,. At higher temperatures the carbide becomes unstable and: 
free carbon is formed as well. On conversion into carbide, cubic nickel passes over into 
metal of hexagonal symmetry (Jacobson and Westgren, Z. physikal. Chem., 1933, B, 20, 
361).* When reduced by solution in dilute acids, these carbides give hydrocarbons 
higher than methane, iron carbide, ¢.g., giving gaseous, liquid, and solid hydrocarbons. 
Cobalt carbide can also be reduced readily by hydrogen at 250°. There is good experi- 
mental evidence for the assumption that carbide accumulates on the catalyst during the 
Fischer synthesis. If an active used catalyst is treated with hydrogen at 200°, large 
quantities of methane are obtained. Géthel (‘‘ Grenzflachen-Katalyse,’’ Hirzel, Leipzig, 
1933, p. 67) found that the electrical conductivity of the powdered catalyst varied during 
synthesis in such a way as to indicate the progressive formation of carbide. Le Clerc 
and Lefebure’s X-ray results (loc. cit.) really show the same thing, although they interpret 
them differently. Finally, a number of carbon balances for the synthesis, and analysis 
of the products of decomposition of used catalysts with hydrochloric acid carried out by 
Fischer and Tropsch (Ges. Abh. Kennin. Kohle, 1930, 10, 313), showed that carbide was 
built up during the synthesis. 

The Reactions of Carbon Monoxide and Hydrogen with the Fischer Catalyst.—During the 
synthesis, the catalyst is in contact with both hydrogen and carbon monoxide, and the 
formation and utilisation of the carbide can be envisaged as follows : 


(1) Co + CO—+» Co-CO (chemisorption) 

(2) Co-CO + CO —+» Co-C (surface carbide) + CO, 
(3) Co-CO + H, —» Co-C (surface carbide) + H,O 
(4) Co-C + H, —> CH, —~> higher hydrocarbons 


The oxygenated product of the Fischer synthesis is water and not carbon dioxide, a fact 
which suggests that (3) proceeds more rapidly than (2), for it is impossible that the 
water could be produced by the water-gas shift reaction 


(5) CO, + H, == CO + H,O 


since at 200° the equilibrium concentration of water vapour would be extremely small. 
Indeed, it is clear that in synthesis of hydrocarbons the Fischer catalyst must be inactive 
for the water-gas shift reaction although normally it is a most effective catalyst for it. 
It thus seems likely that the first stage in the Fischer synthesis is the reaction of adsorbed 
carbon monoxide with hydrogen to give carbide and water. To confirm this point a 
series of experiments were carried out with an active Fischer catalyst containing cobalt, 
thoria, and kieselguhr in the proportions 100 : 18 : 100, prepared by the method described 
in the Annual Reports of the Fuel Research Board (1938, p. 189). 


* In view of the evidence adduced by Bahr and Jacobson and their colleagues (/occ. cit.), Le Clerc 
and Lefebure (Compt. rend., 1939, 208, 1583, 1650) appear to be in error in assuming that this 
hexagonal substance is an allotrope of nickel, for it is clearly Ni,C. 
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When carbon monoxide is put in contact with freshly reduced Fischer catalyst at 
150—250°, and carbide formation occurs by reactions (1) and (2), there is at first a 
relatively rapid reaction, which is followed, after the first few hours, by a slow second 
stage independent of the pressure when this is above 30 cm. These reactions are shown 
in Figs. 1, 2, and 3. Their apparent activation energies are 10,000 and 18,000 cals. 
respectively (see Fig. 4). If at any time during the second slow stage the reaction gases 
are pumped off and fresh carbon monoxide is introduced, the initial rapid reaction is not 
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Rate of the initial fast stage of the reaction Rate of the second stage of the reaction 2Co + 
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observed, and this suggests that the rapid reaction is that occurring on the active parts 
of the catalyst surface; whereas the slow stage is the formation of carbide in the bulk of 
the metal. This would account satisfactorily for the difference in the activation energies, 
because it is known that the formation of carbide in bulk requires an alteration in the 
crystal structure of the metal (Jacobson and Westgren, Joc. cit.). It should be mentioned 
that the fast initial reaction cannot be explained in the more obvious way as the reaction 
of carbon monoxide with hydrogen which has remained chemisorbed on the catalyst after 
the reduction, because such reactions are very much faster indeed than the present initial 
stage of carbide formation. 

The rate of reduction of the carbide by hydrogen is given in Fig. 5, and Fig. 6 gives 
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the apparent energy of activation of the reaction as 11,500 cals. Normally the reaction 
proceeds as Co,C + 2H, —> 2Co+ CH,, but at very low temperatures, ¢.g., 140°, the 
hydrocarbon gas formed (represented as C,H ,,.) had an m value of 1-12, showing that 
a small but definite amount of higher hydrocarbons was being formed in addition to the 
methane. Comparison of Figs. 2 and 5 shows that the reduction of the carbide is a much 


Fie, 5. Fie. 6. 
Rates of the reaction Co,C + 2H, —> Energy of the activation of the reaction Co,C + 
CH, + 2Co om the Fischer catalyst. 2H, ——> CH, + 2Co on the Fischer catalyst. 
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more rapid reaction than its formation by reaction (2), and hence that carbide cannot 
accumulate on a catalyst in contact with carbon monoxide and hydrogen if it is being 
formed only by reaction (2). Since carbide does accumulate on the Fischer catalyst 
during synthesis, however, it must be formed by some reaction faster than its reduction, 
and the only possibility is reaction (3), where chemisorbed carbon monoxide is reduced to 
carbide by hydrogen. Although this reaction cannot be isolated, its rate will be at least 
as great as, and possibly greater than, that of the total reaction of 2H, + CO on the 
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catalyst, if it be granted that it occurs as a step in the total reaction. The curves giving 
the rates and the apparent energy of activation of 9,500 of the total reaction are in Figs. 
7 and 8. (All the activation-energy data given here appear to be reasonably accurate, 
because not only was the activity of the catalyst found to suffer no appreciable decay 
during each series of measurements, but the data were also reproducible with different 
samples of the same batch of catalyst.) In accordance with the items expressed above, 


Fic. 9. 
Dependence of the reaction CO + 2H, on the composition of the gas. 


ta" 


4 


Va 
4 — 


Fercentage of hydrogen in reacting gas. 


Fie. 10. 
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the formation of carbide by the reactions (1) and (3) is faster than the'reduction of the 
carbide, and thus the accumulation of carbide during the Fischer synthesis is explained. 
Fig. 9 shows the dependence of this reaction on the composition of the gases, the total 
initial pressure being 1 atm., and the temperature 178°, and the fact that this curve has 
its maximum near the composition CO + 2H, show that initially, at any rate, the 
hydrogen and the carbon monoxide are competing on more or less equal terms for the 
catalyst surface and neither the one nor the other monopolises it during the beginning of 
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the reaction. The next stage of the Fischer synthesis is the reduction of the carbide so 
formed to give higher hydrocarbons, or to give methane. 

The ortho—para-Hydrogen Conversion in Synthesis Gas.—Although the exact mechanism 
of the ortho—para-hydrogen conversion is still a matter of dispute, it is generally agreed 
that, when the conversion is proceeding on a metal surface, chemisorbed hydrogen atoms 
are present on it, and that the conversion may thus be taken as a means of detecting the 
presence of chemisorbed hydrogen atoms. It seemed important to investigate whether 
the syntheses of higher hydrocarbons and of methane could be differentiated in this 
manner. The experimental arrangements shown in Fig. 10 allowed synthesis gas com- 
posed of carbon monoxide and para-hydrogen, or of carbon monoxide and normal equi- 
librium hydrogen, to be passed alternately over the catalyst and allowed the gaseous 
products to be analysed in a thermal conductivity gauge after freezing out the condensablé 
fractions. Then, from the experimental data on the conductivities of the two gaseous 
mixtures the extent of the conversion of para- into ortho-hydrogen in the first mixture 
could be determined. Although the presence of a variable residual amount of carbon 
monoxide and of methane greatly lowered the efficiency of the gauge, the extent of 
conversion could readily be ascertained to within + 5%. The experimental data are 
cited in the Table, and the results may be summarised as follows. While the Fischer 
synthesis is proceeding at about 200° the ortho—para-conversion does not occur to any 
marked extent, but it does occur for all the following conditions under which either there 
is no reaction or else methane is being formed. 

(i) With normal synthesis gas, CO + 2H,, at temperatures below 140°, in which case 
there is no reaction. 

(ii) With synthesis gas at 200° for the first hour or so of the reaction, during which 
time methane and cobalt carbide are being produced and no oil. 

(iii) With a mixture of 24H, + CO at 200° even after 24 hours. With this gas mixture 
hardly any oil is formed, only methane. 

(iv) With synthesis gas above 250°. Again, methane is the product and no oil. 

The conclusion to be drawn from these results is that when oil is being formed there 
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is no appreciable conversion, and hence no appreciable amount of chemisorbed hydrogen 
is present on the catalyst. The synthesis of oil thus proceeds by way of molecular 
hydrogen. On the other hand, methane synthesis involves at some stage the presence of 
chemisorbed hydrogen. These conclusions are confirmed by the results obtained for the 
two abnormal catalysts given at the foot of the Table. One is a catalyst poisoned by 
sulphur so as to make it inactive for the synthesis of oil, but which still forms methane 
rapidly at 300°; at this temperature it also catalyses the ortho—para-hydrogen conversion 
actively. The other is a cobalt catalyst which still remained incompletely reduced after 
prolonged treatment with hydrogen at 375°, and gave no Fischer reaction at 200° but 
began to form higher hydrocarbons at 280°, at which point the ortho—para-conversion 
begins to fall off. 

The inhibition of the conversion during the synthesis of oils may be due either to the 
surface being completely covered with carbide, since carbide does stop the conversion 
(Table I), or to the presence of chemisorbed hydrocarbons, for, although the saturated 
hydrocarbons do not inhibit the conversion, yet Farkas, Farkas, and Rideal (Proc. Roy. 
Soc., 1934, 146, 630) found that ethylene, which is very strongly chemisorbed, does so. In 
either case it is clear that when cobalt carbide on the catalyst is attacked by molecular 
hydrogen higher hydrocarbons are formed, but if chemisorbed hydrogen is present 
the reduction process goes further and methane is produced. Some insight into the 
mechanism of the formation, growth, and final desorption of the hydrocarbons can be 
obtained in the light of this result and the following considerations. 

The Hydrogenation-cracking of Hydrocarbons.—The experimental evidence cited above 
lends support to the view that the following steps occur in the Fischer synthesis : 
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Separated CH, groups must be formed first because the carbon atoms in the carbide 
occur separated and not in ready-made chains (Jacobson and Westgren, Joc. cit.), and it 
is quite unnecessary to introduce the complication that the hydrocarbon chains grow 
step by step by reaction of carbon monoxide and hydrogen at one end of them, because 
long-chain hydrocarbons can be produced from the-carbides by dissolving them in acids, 
in which case such a mechanism is impossible. In the first place, therefore, a series of 
methylene groups are formed which can link up to form macro-molecules from which 
fragments can be broken off by suitable treatment. The presence of small quantities of 
branched-chain hydrocarbons can be readily accounted for on the assumption that 
occasionally a chemisorbed carbide can be incorporated in the macro-molecule, thus : 


CH, 
~-+--CHy-----CH,-~---C“-~--CHy-----CH, 


i ' CE ' ' ' 


and if this is correct the branched-chain hydrocarbons produced should be tertiary rather 


than secondary, 
A clue to the mechanism of fragmentation of the macro-molecules formed by the 
above sequence of reactions is obtained by examination of the behaviour of the paraffin 
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hydrocarbons when brought into contact with a Fischer catalyst. Taylor and his 
co-workers (Morikawa, Benedict, and Taylor, J. Amer. Chem. Soc., 1936, 58, 1795; 
Morikawa, Trenner, and Taylor, ibid., 1937, 59, 1103) examined the reaction of ethane 
and propane with hydrogen on a nickel-kieselguhr catalyst and concluded that first of 
all chemisorption occurs with the carbon-carbon bonds left intact, then dissociative 
adsorption follows, with rupture of these bonds, and that only after this does reaction 
with hydrogen occur to give methane : 


C,H, —> CH,;-CH, —> CH, CH, —*> 2CH, 
: B aati BS Vieax) ‘vie 


A similar reaction was found to occur when ethane, propane, or butane was mixed with 
the requisite amount of hydrogen and put in contact with the cobalt-thoria—kieselguhr 
Fischer catalyst at 200°, and curve (1) of Fig. 11 shows the rate of the reaction C,H, + 
2H, —> 3CH,. Both propane and butane yield small amounts of ethane, which is an 
intermediate stage in the reaction. When the hydrocarbons are put in contact with the 
catalyst without addition of hydrogen, a reaction also occurs to give methane and leaving 
carbon residues, either carbide carbon, ?CH, ‘CH, or -CHg, on the catalyst, which can be 


Fie. 11. 
Rates of hydrogenation. Cracking of paraffin hydrocarbons. 
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recovered as methane by further addition of hydrogen at 200°. Curves (2), (3), and (4) 
show the rates of this reaction for ethane, propane, and butane respectively, and curves 
(5) and (6) show the rates of reaction of the carbon residues with hydrogen after the 
catalyst had been used for the reactions of curves (3) and (4). In this respect the Fischer 
catalyst resembles Taylor’s nickel-kieselguhr catalyst rather than his cobalt-magnesium 
oxide catalyst (Taylor and Taylor, «bid., 1939, 61, 503) on which the hydrocarbons only 
react as C,H, + 2H, —-> 3CH, and not.as C,H, —-> 2CH, + C. 

A Fischer catalyst has to be reduced by hydrogen at 375° before use, and if it is 
evacuated at this temperature for several hours it still contains sufficient hydrogen to 
yield some methane and chemisorbed carbon residues when it is put in contact with any 
of these hydrocarbons. If the last trace of hydrogen is removed by treating the catalyst 
with carbon monoxide or with ethane at 200°, however, these hydrocarbons can be 
added subsequently without any change, but on further addition of some hydrogen both 
methane and carbon residues are immediately formed. Hence, in contrast to the view 
of Taylor quoted above, it seems not unreasonable to assume that if hydrogenation- 
cracking is to occur on a Fischer catalyst at 200°, the presence of chemisorbed hydrogen 
is necessary. This conclusion is well supported by the results of the experiments on the 
ortho—para-hydrogen conversion, which showed that during the Fischer synthesis long- 
chain hydrocarbons are produced if the amount of chemisorbed hydrogen present is small, 
whereas methane is the product if the chemisorbed hydrogen is present in) considerable 
quantities. It thus appears that the formation of methane, the chemisorption of ethane, 
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propane, or butane, and the breaking of paraffin or olefin chains on the catalyst surface, 
i.¢., the disrupture of fragments from the macro-molecules of CH, groups during the 
Fischer synthesis, all involve chemisorbed hydrogen. These reactions may be depicted 
as follows, where —X represents a chemisorbed radical X, and «**Y represents a molecule 
Y adsorbed by van der Waals forces. 

(i) The hydrogenation of a methylene group to methane : 


H, 
= | CH;-H—-H —> CH; H 
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(ii) Disrupture of a macro-molecule of CH, groups, only 6 such groups being shown 
in the macro-molecule, for convenience : 
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(iii) Chemisorption and hydrogenation-cracking of paraffin hydrocarbons : 
H, 
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where —— stands for the partial valencies of a transition state. 








Conclusions.—The evidence presented in this paper indicates that the mechanism of 
the Fischer synthesis involves the following steps. 
(i) Chemisorption of carbon monoxide : 


an "° 


(ii) Reduction of chemisorbed carbon monoxide by hydrogen to give carbide $ 


(iii) Reduction of the carbide to chemisorbed methylene groups : 
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If at this stage there is a large amount of chemisorbed hydrogen on the catalyst surface, 


the next step is (iva) 
H, 
H, CH, 


and methane is the product; but if, on the other hand, only a little chemisorbed hydrogen 
can be present, association of the methylene groups occurs to give macro-molecules : 
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(iv) These macro-molecules are then disrupted by interaction with hydrogen, 
probably as : 


(Hy ~CHy Ci; CH, CH, FH, (HCH, CH H (Hy —CH,—~Ci 








and the chain length of the products obtained will depend on the amount of hydrogen 
available for this process, which is given by the amount of chemisorbed hydrogen present 
on the surface. If much hydrogen is available, the equilibrium 


polymerisation of CH, groups =» hydrogenation-cracking 


is pushed over to the right-hand side and hydrocarbons of small chain length are formed, 
and conversely. 
(v) Finally there is the desorption of the fragments of paraffins or olefins, probably as : 


H 
CH,—CHy— Pl :” —» CH,—CH,;—CH, 
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The normal initial period, when methane is being formed before the synthesis of oil sets 
in, is easily understandable on this basis, because the experimental evidence is that during 
the first few hours after admission of synthesis gas to the catalyst, carbide is being slowly 
built up. Since, during this time the catalyst will be incompletely covered with carbide 
and chemisorbed hydrogen can therefore be present on its surface, methane will be 
synthesised; but as less of the surface becomes available for chemisorbed hydrogen, so 
the formation of methane will diminish and the synthesis of oil set in. Ultimately, when 
the surface is completely covered with carbide to the complete exclusion of chemisorbed 
hydrogen, the synthesis will cease and the catalyst will be choked with heavy waxes as 
there is no means left for removing them from the surface. Hence revivification in 
hydrogen must be carried out before the synthesis can continue (see p. 1605). The more 
complicated initial behaviour described by Herington and Woodward (loc. cit.) is probably 
due to the fact that, when a freshly reduced catalyst is put in contact with synthesis gas 
at 180°, the activity of the most active spots on the catalyst is so high that their local 
temperature will rise considerably above that of the bulk of the,catalyst, and hence 
methane will be formed just as it is formed when the bulk of the catalyst is maintained 
at 300°. If at this stage the temperature of the bulk of the catalyst is lowered to 150°, 
before the active spots became permanently sintered, and is then raised very slowly again 
in the way described by Herington and Woodward so that excessive temperature is not 
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developed on the active spots, synthesis of oil will set in, according to the normal 
mechanism already described. However, if the bulk temperature is allowed to remain 
at 190° for a long period of time, with the active spots much hotter and synthesising 
methane actively, these spots will sinter and hence will become relatively inactive towards 
carbon monoxide and will become permanently available for chemisorbed hydrogen, so 
that the product from such a catalyst will always be methane, even at 190°. This 
explanation agrees with an observation that when a naked thermojunction is put into 
the first layer of a freshly reduced catalyst and the synthesis gas is admitted at 190°, the 
temperature of this layer rises very markedly although the bulk temperature does not 
increase very much; and it also agrees with the fact that the abnormal initial behaviour 
has only been noticed with the most active modern catalysts, and that these only exhibit 
it when freshly reduced, but behave perfectly normally when put in contact with synthesis 
gas after revivification in hydrogen, because their previous period of use in synthesising 
oil will have reduced the activity of the very active spots to some degree, but without 
sintering them. 

Subsequent experimental work on the functions of the promoters in the Fischer 
catalyst is in agreement with the present conclusions and will be published shortly. 


This work forms part of the programme of the Fuel Research Station of the Department 
of Scientific and Industrial Research, and one of the authors (S. R. C.) is a member of its staff. 
The illustrations are Crown copyright and are reproduced by permission of the Controller of 
H.M. Stationery Office. 
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339. Evidence for a Skew Structure of Benzil. 
By C. C. CALDWELL and R. J. W. LE Févre. 


The suggestion is made that the stable configuration of benzil in non-polar solvents 
is one in which the ketonic groups, with their appropriate bonds, are effectively 
situated in, or make rotational oscillations of low amplitude about, two planes which 
are roughly mutually perpendicular (as illustrated in Fig. 2). 

The evidence consists in the value of the dipole moment of benzil, the fact that this 
shows no greater dependence upon solvent than does the corresponding value for 
phenanthraquinone, and the observations that the moment is constant throughout 
a temperature range of 65° in decalin, or 25° in benzene or carbon tetrachloride. 

Other explanations of these data are discussed and rejected. 

Such a “ skew ”’ structure could arise if the dominant forces setting the shape of 
the molecule were superimposed dipolar repulsions between the C—O moments and 
steric repulsions between the phenyl groups and oxygen atoms (tending to a trans- 
structure) and van der Waals attractions between the phenyl groups (tending to a 
cis-structure). Compatibly with such a view diacetyl (in which dipolar repulsions 
should be much the same as, but the van der Waals attractions weaker than, in benzil) 
appears to be either much more flexible or more trans in type. 


In recent years the configurations and resultant polarities of organic molecules in which 
inner rotation of dipolar groups can occur have received general theoretical treatment 
by Williams (Z. physikal. Chem., 1928, A, 188, 75), Meyer (ibid., 1930, B, 8, 27), Smyth, 
Dornte, and Wilson (J. Amer. Chem. Soc., 1931, 58, 4242), Zahn (Physical Rev., 1931, 38, 
521; 1932, 40, 291), Greene and Williams (ibid., 1932, 42, 119), Smyth and Kamerling 
(J. Amer. Chem. Soc., 1932, 58, 2988), Lennard-Jones and Pike (Trans. Faraday Soc., 
1934, 30, 830), Penney and Sutherland (ibid., p. 898), Altar (J. Chem. Physics, 1935, 8, 
460), Hampson and Weissberger (J. Amer. Chem. Soc., 1936, 58, 2111), and others. The 
cases most studied experimentally have been the s.-dihalogenoethanes, for which it appears 
that at ordinary temperatures and in dilute solution or the vapour state the majority of 
the molecules are exhibiting rotational oscillations of fairly large amplitudes. The 
apparent moments increase with rise of temperature, showing that the non-polar trans- 
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form is the one with minimum potential energy, and suggesting that the predominant 
forces determining the configuration are electrostatic in type. With hydrogen peroxide, 
hydrazine, and certain disubstituted diphenyl compounds other factors, such as the 
interactions of electron clouds in adjacent atoms (Penney and Sutherland) or London 
forces (Hampson and Weissberger) or steric effects (various authors) have been supposed to 
besimultaneously operativein producing specifiedstructures ; butitshould bementioned that 
the experimentalresults against whichsucha priori discussions have been checked are limited 
toa s. iall number obtained with solutions and liable therefore to uncertainties arising from 
the superposition of at least two causes, which we have tried to avoid in the present work : 
(1) the usual solvent-polarisation dependence found to a greater or less degree in all solution 
measurements of dipole moments, and (2) alterations of the configuration due to solvent 
influences upon each of the two polar rotatable halves of the molecule and their mutual 
electrical and other interactions. 

This paper deals with the case of benzil, a molecule which can assume any configuration 
between the two extremes (I) and (II). These will be characterised by a high moment and 
no moment respectively. The polarity of (I) could be estimated from a knowledge of the 
C =O group moment by a calculation such as that employed, e.g., for xanthone (cf. J., 
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1937, 196), but as this would involve certain speculative quantities, it is probably much 
safer to adopt for (I) the value now found for phenanthraquinone (III), viz., 5-6, a figure 
in which induction processes, etc., are automatically included. The apparent dipole 
moments which benzil shows in different solvents are, however, intermediate between the 
extremes 0 and 5-6. They are listed in Table I, and show a variation between themselves 
from 3-7, in dioxan to 3-2, in chloroform. To assess the extent to which this is due to 
configurational changes in the benzil molecules, measurements have also been made on 
phenanthraquinone in benzene, carbon disulphide, dioxan, and chloroform (sparing 
solubility precluded a wider selection of solvents). These data (see Table I) are likewise 
not independent of the solvent; but as phenanthraquinone, unlike benzil, is presumably 
a rigid molecule, these variations can be due only to “‘ normal’”’ solvation effects. This 


TABLE I. 


Apparent Dipole Moments (u) and Total Polarisations (~P) of Benzil, Phenanthraquinone, 
and Acenaphthaquinone in Various Solvents at 25°. 
e of Benzil. Phenanthraquinone. Acenaphthaquinone. 
solvent. cP. ©. " oP. ©. HL. aP. ©. 
1-888 315 . -- -- -- 
2-099 292 . —_ — 
2-209 358 , 724 5-66 —- 
2-227 331 — — 
2-273 355 ° 704 5-5, 819 
2-640 307 3-4, 686 5-5, = 
4-724 274 3-2, 521 4:7; aa 
inference is supported by the existence of a much smoother relation between the orientation 
polarisations of phenanthraquinone and the dielectric constants of the solvents than be- 
tween the corresponding quantities for benzil (see Fig. 1). Miller (Trans. Faraday Soc., 
1934, 30, 731) has shown that in many such cases the steepness of the polarisation-dielectric 
constant curve depends upon the magnitude of the moment of the solute under examination ; 
in the present work, therefore, since the moment of phenanthraquinone is greater than that 
of benzil, removal of the effects of solvation in the data for the latter with the aid of the 
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information obtained for the former should result in over- rather than under-compensation. 
However, when the orientation polarisation of benzil in dioxan is reduced by the ratio 
of the orientation polarisations of phenanthraquinone in benzene and dioxan, and those in 


Fie. 1. 





jsation __ O 


of benzil 


entation polar 


Me 


Orientation polarisation of 
Phenanthraquinone 
Or. 
@) 


2 3 A 
Dielectric constant of solvent. 








carbon disulphide and chloroform increased by the analogous phenanthraquinone values 
in these solvents, the following set of figures is obtained—comparable to the datum in 
benzene—in which solvation effects should have been eliminated : 

Solvent  ..........ccsccccoccscsccceees Dioxam Benzene CS, CHCl, 


oF CBs _ ceoccscpessesesiccsscesecseess, FOO 292 251 295 
|) . . 3-7, 3-7, 3-4, 3:75 


The low value given in Table I for the moment of benzil in chloroform is therefore probably 


due to a solvent effect, since after correction it agrees well with that found in dioxan or 
benzene. On the other hand, it is evident that the lower moments found in hexane and 
carbon disulphide cannot have been caused mainly by solvation, for—where the com- 
parison is complete—the action which the latter solvent has on benzil is out of proportion 
to that which it has on phenanthraquinone ; however, it is well known that carbon disulphide 
has some specific and unidentified solvent action (compare, ¢.g., Hoecker, J. Chem. Physics, 
1937, 5, 372). 
The Sof: of Benzil_—The two equal chief components (denoted in what follows 
by u) of the polarity of benzil obviously act approximately parallel to the directions of the 
Fro. 2 links uniting the carbon to the oxygen atoms, 
a and with a knowledge of their magnitude, 
together with the reasonable assumptions con- 
\ cerning valency angles embodied in Fig. 3, 
\N ¢ certain conclusions concerning the structure of 








benzil can be reached. In the present work a 
value for u has been simply obtained by con- 
sidering phenanthraquinone as a special case of 
Fig. 2 for which x = 0° and the resultant 
moment is 5-6; therefore—since, from symmetry, whatever the value of x the resolutes 
along AB of the two components always balance out, and only those perpendicular to 
this axis contribute to the experimentally determined resultant, so that, the central ring 
of phenanthraquinone being regarded as a regular hexagon—we have: p = 5-6 + 2 cos 
30° = 3-23. 

Four possibilities suggest themselves: (1) that the two halves of the benzil molecule 
are in completely free rotation about the central C-C bond, (2) that they are in hindered or 
restricted rotation, (3) that they are fixed in, or are making rotational oscillations of low 
amplitude about, planes making an angle x° with one another (see Fig. 2), or (4) that a 
benzil solution contains a mixture of flat, completely cis- or trans-mesomerides (i.e., planar 
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forms stabilised by resonance). Our dipole-moment measurements alone would agree 
satisfactorily with (1), (3), or (4). 

For a state of free intramolecular rotation, the resultant moment should be ~/2p sin 
60° = 1-4 x 3-2 x 0-87 = 3-9. Nevertheless, this is an unlikely occurrence, since 
unhindered rotation does not take place in the closely related cases of the stilbene chlorides 
(Ph-CHCl-CHCIPh, Weissberger and Sangewald, Z. phystkal. Chem., 1930, 98, 133) and the 
hydrobenzoins [Ph-CH(OH)-CH(OH):Ph, Hassel and Naeshagen, Tids. Kjemi Berg., 1930, 
10, 93; Z. phystkal. Chem., 1931, 14, B, 232], for which the moments of the optically 
active enantiomorphic forms were found to be considerably greater than those of the 
corresponding optically inactive, but structurally similar, meso-forms. Had free rotation 
been possible, they would, of course, have been identical. 

For a state of hindered rotation, the resultant moment might be expected from analogies 
with, ¢.g., ethylene dichloride and dibromide (Miiller, Phystkal. Z., 1933, 84, 689; Smyth 
and Walls, J. Amer. Chem. Soc., 1931, 58, 2115) to be sensitive to both solvent and tem- 
perature. We have pointed out above, however, that the variation of the apparent moment 
of benzil from solvent to solvent beyond that which might be caused by ordinary solution 
effects is practically nil; moreover, in carbon tetrachloride or benzene solutions a rise of 
temperature of 25° causes no detectable increase in the moment, and in decalin measure- 
ments at 25°, 50°, 70°, and 90° have given values of 3-35, 3-3,, 3-3,, and 3-3, respectively. 
Hence, within the limits of experimental error, the moment is demonstrably very insensitive 
to temperature. This is in agreement with (3). 

As to the fourth suggestion, a numerically adequate explanation of the present results 
could be provided were the cis- and the trans-form to occur in approximately equal 
proportions. This is, however, probably not the case, since unpublished measurements 
by Mrs. C. G. Le Févre have shown that benzil in benzene solution has strong megative 
electric double refraction (Kerr effect) whereas phenanthraquinone, on the other hand, 
produces a high positive effect. A cis-form of benzil would resemble phenanthraquinone 
in the disposition of its resultant moment along a direction of high polarisability and 
therefore also in the algebraical sign of its Kerr constant (large, positive); a ¢rans-form, 
being non-polar, would have a small positive value. A mixture of the type under con- 
sideration, therefore, should show a positive effect. 

We conclude that the third possibility probably occurs. The effective degree of depar- 
ture (y°) from a coplanar arrangement of the two ketone groups can be easily calculated, 
since, from geometry, the resultant moment should be : 


R =u cos 30° /2(1 + cos x). 


From this expression, together with the experimentally determined moments (see Tables 
on pp. 1615 and 1616), it appears that, in all the media the benzil molecules have closely 


similar configurations in which the two planes containing the + ey links are inclined at 


90—100° to one another.* 

If the present conclusions are correct, benzil becomes the third molecule for which a 
“skew ’’ structure has been proposed, the other two being hydrogen peroxide and hydra- 
zine (Penney and Sutherland, /oc. cit.). These were considered to adopt this unusual 
configuration because the electron clouds on the oxygen or nitrogen atoms, respectively, 
do not possess axial symmetry about the O-O (or N-N) line and in consequence give rise 
to an interaction which, when allowance has been made for all other types of interaction, 
is found to be a dominant factor in setting the azimuthal angle at approximately the 
perpendicular value. It would seem that a similar reason mutatis mutandis might be stated 
for benzil, since the electron clouds on its two central carbon atoms will presumably lack 
symmetry roughly as much as the corresponding atoms of hydrogen peroxide and hydrazine. 
On such a view, diacetyl should possess a configuration of this type also, since for both it 

* It is noteworthy that Lonsdale and Knaggs (Nature, 1939, 148, 1023) have recently reported 
that a skew structure for the molecules in crystalline benzil is indicated by an analysis now in progress 
based on complete X-ray measurements and a new determination of the magnetic anisotropy. Five 
other obvious configurations are already eliminated. 
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and benzil the central carbon pair have the same immediate electronic environment. For 
the investigation of this point we have examined the dielectric polarisation of diacetyl in 
benzene, finding 7-P,, = 90-5 c.c. at 25°, whence p = 1-8,. This result has an additional 
interest, since, by comparison with the measurements recorded by Zahn (Physical Rev., 
1932, 40, 291), the effects which changes of state and temperature might have on the 
configuration are indicated. Zahn reports the total polarisation of diacetyl vapour between 
66° and 231°, at which limits the values are 51-90 and 49-66 c.c., corresponding to apparent 
moments of 1-25 and 1-48 respectively. From these figures estimates of the azimuthal 
angles, x°, can be made by the method used above for benzil. Some uncertainty must 
exist concerning the magnitude of the components acting along the directions of the C=O 
links, but their most likely value is that of the moment of acetone, viz., 2-85 (Zahn, Physikal. 
Z., 1932, 38, 686). The results are tabulated below, and to show the effect of a variation 
of the components, x has been calculated also for » = 2-5 and 3-0. 


Azimuthal Angle for Diacetyl. 











BORD. sccesveecess 25° 55-8° 231-3° 

SABES ceccceccccce Solution in benzene. Vapour. Vapour. 
Moment, D....... 1-84 ; : 1-25 : f 1-48 
Component ...... 2-5 2-85 3-0 2-5 2-85 3-0 2-5 2-85 3-0 
Hf” ereccececcreceress 130° 136° 138° 146}° 1504° 152° 140° 145° 147° 


It is seen that the configuration, although apparently not very sensitive to temperature 
changes (a range of ca. 170° altering x by approximately 5° only), and affected by the 
presence of the solvent (in this respect recalling the ethylene dihalides), is clearly much 
more trans- than is that of benzil. Among the factors determining the structure of the 
latter molecule, therefore, there must be some which are additional to those which are 
sufficient alone for the cases of hydrogen peroxide, etc. 

The causes likely to be most operative in diacetyl, benzil, and such molecules are : 
(1) electrostatic attractions and repulsions between the highly polar ketonic groups, 
(2) attractions arising from “ dispersion ’’ forces (van der Waals attractions) particularly 
between the phenyl groups, and (3) repulsions (‘‘ steric hindrances ’’) between the nearer 
carbon and hydrogen atoms of the phenyl groups and the oxygen atoms; these must be 
so strong for the more completely cis-configurations, in which certain interatomic distances 
would obviously be required to approach the values proper for covalent union, that such 
configurations should be impossible. Since the polarities of the C=O links in diacetyl 
and benzil are roughly the same, it is obvious that the cause of the difference in configuration 
between these two molecules must be sought in effects such as (2) and (3) rather than (1). 

The electrostatic effect (1) can be estimated a priori; effects (2) and (3) are much less 
accessible. To examine the present suggestion, therefore, the electrostatic energies 
associated with different configurations have been calculated on a basis of the following 
assumptions: that the carbon valency angles are 120° throughout; the C-C distances, 
1-54 A.; the C=O distances 1-38 A.; and that two components of magnitude 3-2, are 
acting along the C-O directions and are situated at points midway between the centres of 
these atoms. Then, if d, and d, are certain dimensions in the completely cis-form (see Fig. 3), 
the separation of the points of action of the components during intramolecular rotation is 
given by d = +/d,? + 4d,? sin? (y/2), so that, since the reciprocal energy of two dipoles is 
given by E = (u?/d*)(cos x — 3 cos a, cos a) and a, = a, = 120° in the present case, 
we have 








‘s (cos x — 0°75) 
E = 10-43 | (£97 + 1-426 sin? fy aye | x 10° ergs/mol. 
Evaluation gives the following data (curve A, Fig. 4) : 
== 0° 30° 60° 90° 120° 150° 180° 
‘3 = 0-24 0-11 —0-22 —0-58 —0-88 —1-07 —1:13 xX 10> ergs/mol. 


which show the completely ¢vans-form to be the most stable. 
The dispersion forces (effect 2) will be largest for small values of x and will fall off 
rapidly as this angle increases. An attempt has been made to estimate their magnitudes 
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by using Slater and Kirkwood’s formula (Physical Rev., 1931, 37, 682) for the reciprocal 
binding energy between two atoms, viz., — E = 11-25 x 10-%4 1/2 93/2 R-6 ergs/mol., in which 
n is the number of electrons in the outermost shell of the atom under consideration and « 
is the polarisability. For the present application we consider 48 electrons grouped at the 
centres of the benzene rings whose polarisabilities are 1-03 x 10-8 c.c. The distances 
between these centres, during rotation, are found as before from (ds? + 4d,? sin? y/2)1/2 
(cf. Fig. 3). The following results emerge : 

= 0 20° 45° 90° 135° 180° 

= —032 -—029 -—019 -007 -—003, —0-02, x 10“ ergs/mol. 
They are plotted as curve B (Fig. 4). This, when superimposed on curve A, still indicates 
that the évans- is the most stable configuration. 

Evidently the third factor—steric repulsion—is not negligible. This seems likely 

since, in crystals and liquids, molecules do not approach nearer than 3—4 A., and therefore 
between the parts of a flexible molecule interatomic separations less than this must be 
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accompanied by an increase of configurational potential energy. Thus the completely 
cis-, flat form of benzil, in which the o-carbon atoms would make a mutual approach of 
ca. 1-5 A., is much less likely than one in which the repulsion is avoided by a turning of the 
aromatic rings into a face-to-face orientation. However, even in the latter case in the course 
of a complete revolution of the benzoyl groups, points will be reached when the number 1 C 
atoms of each phenyl group are at a critical separation, beneath which steric repulsion must 
set in ; in the same way there will be points for the two oxygen atoms, both mutually and with 
regard to the above carbon atoms. Estimates of these critical separations can be reasonably 
made by using Stuart’s ‘‘ Wirkungsradien ’’ (Z. physikal. Chem., 1935, B, 27, 350), from 
which it would appear that two uncombined carbon atoms never freely approach nearer 
than 3-34 A., two oxygen atoms similarly never nearer than 2-72 A., and a carbon and an 
oxygen atom never nearer than 3-03 A. The values of x corresponding to these distances 
are easily calculated (see above). Ata value of x = 0°, the two oxygen atoms have not 
reached their minimum separation, but the carbon atoms reach theirs at 82°, and the carbon- 
oxygen pair theirs at 142°. These calculations therefore suggest that only configurations 
with x roughly between 80° and 140° are likely to be permitted by steric forces. Fig. 4 
summarises this discussion graphically. Curve B should accurately have been derived by 
summing the mutual energies of each of the centres (carbon and hydrogen atoms) of one 
phenyl group in relation to all the centres of the other phenyl group. It is clear that the 
sum of the sixth powers of these interatomic separations is Jess than the sixth power of 
the distances between the centres of the phenyl groups, #.e., the distances actually used in 
drawing B. This curve, therefore, should reach a lower negative value for x = 0° than is 
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depicted. In these circumstances it is not unreasonable to suppose that the potential 
energy of the benzil molecule assumes a form such as curve C, with a minimum at ca. 100°, 
in conformity with our present results. 

Finally, if the differences between the configurations of diacetyl and benzil are attributed 
to the smaller dispersion forces operating in the former molecule, the minimum of the 
resultant curve will shift towards larger values of x. This is again in agreement with the 
experimental data. 

EXPERIMENTAL. 


Materials —Commercial benzil and phenanthraquinone were recrystallised from alcohol; 
m. p.’s 95° and 205° (after drying at 100°). The acenaphthaquinone was prepared from acenaph- 
thene by oxidation with acetic acid and sodium dichromate (Graebe and Gfeller, Annalen, 1893, 
276, 4; Ber., 1887, 20, 659; ibid., 1892, 25, 654). (We are indebted to Mr. C. C, Evans for 
assistance with this operation.) After sublimation and several crystallisations from benzene, 
it had m. p. 246°. 

The solvents were of A.R. grade, further purified by drying with metallic sodium in all 
cases, except chloroform (for which calcium chloride was used) and carbon tetrachloride (for 
which sodium sulphate was used), decantation, and fractionation. The benzene was then 
partly frozen, and the solid, when remelted, stored over sodium. The carbon disulphide was 
treated with solid potassium permanganate, dried over anhydrous sodium sulphate, distilled, 
and kept over calcium chloride. 

Measurements.—These were made by using the apparatus and method described in ‘‘ Dipole 
Moments ”’ (Methuen, 1938, pp. 29—35). Observations are recorded below under the headings : 
w,, the weight fractions of the solutes in the solutions; e, the dielectric constant at ca. 1200 
ke.; d, the density; m, the refractive index for sodium light (compared with the d and values 
respectively of benzene at 25° shown in the tables). The specific polarisations and refractions 
of the solutions are shown under /,, and 7;,. From these data the factors ae, and Bd, (sub- 
scripts 1 and 2 refer to the solute and the solvent respectively) have been obtained as averages 


from 
ae, = L(y, — &y)/Zw, and Bd, = X(d,, — d,)/Zw, 
The total molecular polarisations at infinite dilution are then given by 


tPo = M[p,(1 — B) + Cae] 

where M is the molecular weight of the solute, p, the specific polarisation of the solvent, and C 
a constant for the latter: C = 3/d,(e, + 2)* (cf. Le Févre and Vine, J., 1937, 1805). To enable 
comparisons to be made between these results and those obtained by graphical extrapolation, 
P, for each solution, evaluated in the usual way [from p, = ~, + (P13 — ~2)/w,], is also shown. 

The dielectric-constant measurements recorded below in the cases of u-hexane, dioxan, 
carbon tetrachloride, and carbon disulphide were relative to benzene, for which the standard 
figure of 2-2725 at 25° was taken (Hartshorn and Oliver, Proc: Roy. Soc., 1929, A, 123, 664). 
For chloroform Ball’s value for the dielectric constant (J., 1930, 570) was used. 

Benzil in benzene. 

100w,. €95°- a. Pis- P,. Ny- 32- [Rzlp- 

0 2-2725 0-87378 0-34086 —— 1-49724 0-33503 _ 

0-9571 2-3435 0-87593 0-35312 340-6 1-49815 0-33472 63-6 

1-6696 2-3966 0-87746 0-36202 337-7 1-49869 0-33445 63-1 

2-6663 2-4734 0-87982 0-37436 335-4 1-49957 0-33405 62-6 

3-3546 2-5297 0-88141 0-38314 336-3 1-50029 0-33385 63-0 

3-6801 2-5515 0-88214 0-38647 331-9 1-50048 0-33368 . 62-7 

4-9738 2-6553 0-88513 0-40172 328-5 1-50164 0-33321 62-5 

6-3544 2-7689 0-88829 0-41757 325-1 1-50282 0-33269 62-6 

ac, = 7:66; po = 1:6930; mean [Rz]p = 63 rt = 0-260; Po = 355-5 c.c.; C = 0-18809; 

: u = 3-76. 


Phenanthraquinone in benzene. : 
0-05302 2-2818 0-87392 0-34255 733-9 1-49730 0-33501 61-8 
0-10523 2-2899 0-87410 0-34399 689-7 1-49738 0-33499 61-8 
0-20951 2-3082 0-87443 0-34726 706-3 1-49756 0-33496 (62-7) 
0-26860 2-3183 0-87460 0-34905 705-1 1-49761 0-33493 61-9 


ac, = 16-°81,; Po = 3-3862,; mean [Rz]p = 62 c.c.; B = 0-347; tPo = 704-3 c.c.; p = 5-57. 
* Two measurements of the refractivity of benzil in benzene solution are recorded by Anderlini 
(Gazzetta, 1895, 25, 127); from their mean, [R;z]¢ is calculable as 63-5 c.c., in satisfactory agreement 
with the above results. 
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Benzil in benzene at 50°. 


100w. €. d. Pis- P,. 100w,. €. d. Piz- 

0 22232 0-84714 0-34190 — 2-9647 2-4149 085410 0-37523 
1-1806 2-2979 0-84996 0-35529 310-0 4-1302 2-4896 0-85686 0-38721 
2-1385 2:3615 0-85219 0-36631 311-5 


ac, = 6-450; po = 15275; B = 0-278,; rPo = 320-8 c.c.; C = 0-19856; wp = 3-6,. 


Higashi (Bull. Chem. Soc. Japan, 1938, 13, 158) has recorded measurements relating to 
benzil in carbon tetrachloride and benzene solutions at 25° and 50°, fom which it appears that 
such a temperature interval is without effect upon the moment oi the solute. The above 
observations were made to check this point; those which follow were obtained in redistilled 
sodium-dried decalin, b. p. 192°, with which higher temperatures could be more conveniently 
reached. The temperature—dielectric constant relation for the solvent is derived from the 
results given in Trans. Faraday Soc., 1938, 34, 1127. 


Benzil in decalin. 
100w;,. €,°. &. Pie: P,. 100w. €&. die. Pis- P;. 
Temperature 25°. Temperature 50°. 
0 2-099 0-87897 0-30530 — 0 2-062 0-86096 0-30367 — 
0-9918 2-157 0-88190 0-31560 287-9 0-9918 2-112 0-86293 0-31338 269-4 
1-3139 2-174 0-88237 0-31876 283-5 1-3139 2-127 0-86332 0-31631 265-8 
1-6715 2-197 0-88308 0-32296 289-3 1-6715 2-146 0-86412 0-31987 267-3 
ae, = 5-805; po = 1-3938 c.c.; B = 0-298,; ac, = 5:00,; po = 12940 c.c.; B = 0-2187; 
tP.e = 292-7 c.c.; C = 0-:20314; wp = 3-33. Po = 271-7 c.c.; C = 021118; p = 3-31. 


Temperature 70°. Temperature 90°. 
0 2-034  0-84682 0-30269 — 0 2-008  0-83046 0-30284 — 
0-9918 2-080 0-84887 031183 257-1 0-9918 2-051  0-83249 031165 250-1 
1-3139 2-098  0-84927 0-31549 268-1 1-3139 2-064 0-83283 0-31436 247-7 
1-6715 2-113 0-85005 0-31834 260-2 1-6715 2-081 0-83360 0-31776 251-1 


ae, = 4:75,; po = 12677 c.c.; B = 0-2295; ac, = 4:325; po = 1-2063 c.c.; B = 0-228; 
tPo = 266-2 c.c.; C = 021770; wp = 3-34. tPe = 253-3 c.c.; C = 022488; uw = 3-3,. 


Benzil in n-hexane. Benzil in dioxan. 


100w,. €95°- a. Pie- P;. 100w,. €e5°- az . Pia: P,. 
0 1-8876 0-66669 0-34246 — 0 2-2093 1-02920 0-27914 — 
0-34077 1-9027 0-66763 0-34645 317-8 1-6025 2:3495 1-03108 0-30091 343-9 
0-58885 1-9133 0-66838 0-34918 311-6 3-7272 2-5418 1-03352 0-32846 337-6 
0-70655 11-9186 0-66874 0-35054 312-1 
0-76155 1-9208 0-66888 0-35111 310-4 
0-86665 11-9255 0-66918 0-35232 310-8 
ac, = 4:38; po = 1-4993 c.c.; B = 0-430; ae, = 8:87; po = 11-7068 c.c.; B = 0-113; 
ptPo = 314-9 c.c.; C = 0-29774; wp = 3-49. tPo = 358-4c.c.; C = 0-:16451; » = 3-78. 


Phenanthraquinone in dioxan. 
0-47171 2-3029 1-03044 0-29385 706-7 0-77396 2-3633 1-03124 0-30298 698-8 
ae, = 19°88; po = 3-478l c.c.; B = 0-256; rPo = 723-5 c.c.; p = 5-66. 


Benzil in carbon tetrachloride. Benzil in carbon disulphide. 


0 2-2270 1-58549 0-18308 —_ 0 2-6402 1-25814 0-28095 — 

0-7037 2-3135 1-58172 0-19258 322-0 0-6503 2-7059 1-25765 0-28824 294-4 
1-3507 2-3945 1-57822 0-20107 318-1 1:2055 2-7635  1-25687 0-29455 296-0 
2:0489 2-4847 1:57447 0-21027 317-1 19012 2-8374  1-25594 0-30243 296-3 
2-7894  2-5799 1-57034 0-21967 313-9 2-6621 2-9184  1-25495 0-31081 298-2 
3-4388 2-6620 1-56689 0-22752 209-8 35751 3-0189 1-25368 0-32086 293-4 


ae, = 12-58; po = 1-5777 c.c.; B = 0-341; ae, = 10-44; Po = 1-4630 c.c.; B = —0-0923; 
tPo = 331-3 c.c.; C = 0-10590; »p = 3-60. tPo = 307-2 c.c.; C = 011074; pw = 3-44. 
Phenanthraquinone in carbon disulphide. 

0-040805 2-6514 1-25815 0-28219 690-5 0-061428 2-6569 1-25816 0-28279 681-5 
ae, = 27-29; Po = 3-2965 c.c.; B = 0-0233; rPo = 685-7 c.c.; wp = 5-50. 
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Benzil in chloroform. Phenanthraquinone in chloroform. 
100w,. eggs. ay. Pris P,. 100w,. —€ag*. de. Prs: P,. 
0 4-724 1-47910 0-37444 _— 0-1437, 4-790 1-47897 0-37741 507-7 
0-6461 4-843 1-47683 0-38027 268-1 0-2971, 4-865  1-47882 0-38071 516-8 
1-3432 4975  1-47432 0-38655 268-0 0-8069, 5112 1-47830 0-39111 6507-6 
1-4531 4-992 1-47395 0-38735 265-6 
2-0780 5-115 1-47181 0-39295 265-7 
2-8148 5-258 1-46910 0-39933 264-3 














= 18-75; po = 1:305l c.c.; B = —0-239; 


: ac, = 46:89; po = 2-5025 c.c.; B = —0-0856; 
gPo = 274-1 c.c.; C = 0-044861; p = 3-21. , 


wPo = 5205 c.c.; p = 4:71 





Diacetyl in benzene. 





Acenaphthaquinone in benzene. 


0 2-2725 0-87378 0-34086 —_ 10125 2-3118 0-87430 0-34797 89-7 
0-037967 2-2809 0-87397 0-34236 781-1 20228 2-3507 0-87481 0-35488 88-9 
0-075298 2-2894 0-87405 0-34392 801-7 26442 2-3754 0-87515 0-35919 88-9 
0-100904 2-2963 0-87416 0-34516 837-6 3-7237 24176 0-87571 0-36644 88-4 


a, = 3-88, ; Po = 1-0519 c.C.; 
[Rilp = 55 c.c.*; B = 0-392,; [Rilp = 20-9 c.c.t; B = 0-590,; 
rPo = 819-1 c.c.; C = 018809; p = 6-08. Po = 90-5; p = 1-84. 
* Calc. from : en = 44-4, benzil = 63, benzene = 26-2, hydrogen = 1:1 c.c. 
t Calc. from: np” = 1-39331, dy” = 0-9808 (Briihl, J. pr. Chem., 1894, 50, 140). 


Previots Measurements.—Dielectric-polarisation data for benzil are contained in papers 
by Hassel and Naeshagen (Z. physikal. Chem., 1929, B, 6, 152), Weissberger and Sangewald 
(Physikal. Z., 1929, 30, 268), and Higashi (Joc. cit.). Their solvents, temperatures, and results 
are given below : 


Author(s). Solvent. Temp. 1rPwo,Cc.c. 


ae, = 22:93; po = 45007 c.c.; 


Author(s). Solvent. Temp. 7Po,Cc.c. ps. 


Be 
H.andN. C,H, 18° 292-5 * 3-7 Higashi C,H, 50° 313 3-6, 
W.andS. C,H, 25 notquoted 3-2 pe CCl, 25 318 3-5, 
Higashi C,H, 25 333 3°6, oe CCl, 50 291 3-4, 





As various methods of allowing for atomic polarisation were employed in calculating the final 
moments here listed, comparison with the present data is best made with the total polarisation 
figures. When this is done, our results are seen to agree very satisfactorily with those of 
Hassel and Naeshagen and to be slightly higher than those of Higashi. 

St.-Antoine (Compt. rend., 1928, 186, 1429) found the dielectric constant of molten benzil to 
fall from 13-04 at 95° to 12-12 at 120°. The last figure, combined with one of the density 
determinations recorded by Grinakowski (Chem. Zenir., 1913, 84, II, 2076), gives a total 
polarisation of only 154 c.c., corresponding to a moment of 2-4. According to Cauwood and 
Turner (J., 1915, 107, 281), the dielectric constant just below the m. p. at 95° is 4-14, from which 
it is evident that, unless the solid is much heavier than the liquid, the polarisation still greatly 
exceeds the molecular refraction. 


The authors thank the Royal Society and the Chemical Society for grants with which 
apparatus has been purchased. 
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340. The Constitution of Complex Metallic Salts. Part X. Further 
Evidence for the Structure of Bridged Dipalladiwm Derivatives. 
By JosEPpH CHATT and FREDERICK G. MANN. 


Bridged compounds of the type dichlorobis(trialkyl-phosphine or -arsine)-y-dichloro- 
dipalladium can theoretically exist in one unsymmetric and two symmetric forms : (I), 
(IIa), and (IIs). Physical evidence showed that in solution they exist as a tautomeric 
mixture either of (IIa) and (IIs) or of all three forms : chemical evidence indicated that 
all three forms were present. The compounds exist in the crystalline condition as only 
one form, proved by X-ray analysis to be (IIs). Attempts have now been made to 
isolate bridged compounds which would contain cis-chelated disulphide or diarsine 
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molecules and must therefore have the unsymmetric structure (I). Several unbridged 
palladium compounds containing such chelated molecules have been prepared, but none 
reacted further with palladous chloride to give the required bridged derivatives. In 
view of these results, the reactions originally cited by Mann and Purdie as evidence for 
the existence of the unsymmetric form of the bridged dipalladium derivatives have now 
been investigated in greater detail. They prove to be less simple than originally 
appeared and do not afford evidence for this unsymmetric form. It is concluded that 
the tautomerism indicated by dipole measurements is limited to that between the cis- 
and tvans-symmetric forms (IIa and IIs) of the dipalladium compounds. 

The compound [C,H,(AsPhBu),PdCl,], which contains two similar asymmetric 
4-covalent arsenic atoms, has been obtained in two forms, « m. p. 172—174°, B m. p. 
185—186°: one of these forms must be the meso and the other the externally com- 
pensated isomeride. This is the first recorded example of such isomerism in complex 
metallic compounds. 


THE bridged derivatives of the trialkyl-phosphines and -arsines with palladous halides, of 
general formula [R,P(As),PdX,], can theoretically exist in three isomeric forms, viz., the 
unsymmetric form (I), and the cis- and trans-symmetric forms (IIA and IIB). Physical 
evidence (from dipole-moment determinations) indicated that these bridged compounds in 


R,P Cl Cl P Cl P Pp 1 1 

wea PAC MAPS Ba’ Pat **) ‘pa ‘pa 

R,P7 “ci” “cl c’ cl Cl c’ ‘cl’ pr, 
I 


(I.) (IIa.) (IIs.) 


organic solvents exist as a tautomeric mixture either of the two symmetric forms (IIA) 
and (IIs), or of all three forms; chemical evidence, however, indicated that all three forms 
are present, since these compounds in organic solvents gave certain reactions that could be 
simply explained only as due to the presence of the unsymmetric form (I), and other 
reactions that were similarly explained as due to the symmetric forms (IIa) and (IIB) 
(Mann and Purdie, J., 1936, 873). The compounds in the crystalline state, however, exist 


in only one form, which has been shown by X-ray analysis in the trimethylarsinepalladous 
chloride and bromide compounds to be the ¢rans-symmetric form (III) (Mann and Wells, 
J., 1938, 702; Wells, Proc. Roy. Soc., 1938, A, 167, 169). 


sas “S Bry __/Br | Sue JO\-/0,__ Al | 
| 
3 J 


{sePdees Pd 
Br “Br~ ‘“AsMe CY oA’ *PBu, 

One reaction cited by Mann and Purdie (/oc. cit.) in support of the presence of the un- 
symmetric form (I) was that dichlorobis(tributylphosphine)-y-dichlorodipalladium, when 
treated with one equivalent of ««’-dipyridyl, appeared to undergo a “‘ vertical splitting ”’ 
(equation A), since it gave dichlorobistributylphosphinepalladium and dichlorodipyridyl- 


[(Bu,P),PdCl,{PdCl,] + dpy = [(BusP),PdCl,] + [dpy PdCl,] (A) 


palladium. It was later shown that this reaction is less simple than indicated, since the 
corresponding dichloro-oxalate, which has been shown by X-ray analysis to have the 
trans-symmetric structure (IV) (Chatt, Mann, and Wells, J., 1938, 2086), gives a similar 
reaction : 


[(Bu,P)CIPdC,0,PdCl(PBu,)] + dpy = [(Bu,P),PdCl,] + [dpy PdC,0,]. 


We have therefore attempted to obtain decisive evidence for the existence of the un- 
symmetric form (I) by the preparation of a bridged compound which could have only this 
structure. Clearly, if the two phosphine or arsine molecules were replaced by a suitable 
chelated molecule, having two atoms united by co-ordinate links in the cts-position to one 
palladium atom, the resulting bridged molecule must necessarily be of type (I). 

It should first be noted that the use of chelate groups as such does not prevent the 
formation of these bridged compounds: several such compounds have been recorded, but 
in all cases the chelated organic molecule was linked to the metal by one covalent and one 


(IV.) 





1624 Chatt and Mann: The Constitution of 


co-ordinate link, and thus allowed the symmetricstructureoftype (IIA) and (IIs). Examples 
are bis(salicylaldoxime)-u-dichlorodipalladium (V) (Cox, Pinkard, Wardlaw, and Webster, 
J., 1935, 459) and bis-(4: 4’-dicarbethoxy-3 : 3’: 5 : 5’-tetramethylpyromethene)-u-di- 
chlorodipalladium (VI) (Porter, J., 1938, 368). 

OH Me_CO,Et 

CHIN’ Cl O 
~ Ae 
Pd ai 

“No” “ct “wicH 


of 


(V.) 

The first example investigated of a compound having a chelated di-co-ordinate group 
was ethylene-«$-bis(ethylsulphide)dichloropalladium (VII). This compound is readily 
prepared and extremely stable: if it were capable of forming a bridged compound, the 
latter must have the unsymmetric structure (VIII) of type (I). When, however, the 


-- H, Cl 
HS, — 1 
a I m7 x AAG 


Pd P (VIII.) 
H,-s* ‘cl CHS” ci” ‘No 
Et Et 


unbridged compound (VII) was boiled in alcoholic solution with ammonium palladochloride 
(the standard method for preparing bridged compounds), no reaction occurred and the 
compound (VII) was recovered unchanged. It was known, however, that in the dialkyl 
sulphide series [(R,S),PdCl,] (Mann and Purdie, Joc. cit.) formation of the bridged com- 
pounds is shown by the higher members, ¢.g., the »-octyl, but not by the lower (methyl and 
ethyl) members. The ethylene-aB-bis-(n-octylsulphide)dichloropalladium, 
[CoH,(S*CgH,,),PdCl,], 

analogous to (VII), was therefore prepared, but it also failed to form a bridged compound 
of type (VIII). 

Previous work had shown, however, that the bridged palladium compounds are formed 
much more readily from tertiary phosphines and arsines than from dialkyl sulphides. The 
palladium derivatives of the ditertiary arsines previously described (Chatt and Mann, this 
vol., p. 610) were therefore investigated. These diarsines have the arsenic atoms separated 
by only two carbon atoms, and they also give stable 5-membered rings by co-ordination 
with palladium, the arsenic atoms necessarily occupying the cis-position around the metallic 
atom. 

When equimolecular quantities of ammonium palladochloride (in aqueous solution) and 
o-phenylenebis(dimethylarsine), CgH,(AsMe,), were vigorously shaken together, the only 
product was the ionic di-o-phenylenebis(dimethylarsine)palladium  palladochloride, 
[(CgH,As,Me,).Pd][PdCl,]. This compound possessed great stability, but when boiled 
with alcohol and hydrochloric acid gave the non-ionic o-phenylenebis(dimethylarsine)- 
dichloropalladium (IX); all attempts, however, to convert this into a bridged derivative, 


‘Me, Bu, Bu, 
ax) | on/p c/s paX Nc, | cy 0) 
, *\As7 ie ° *\ As” As As” rr 
Me, Bu, Bu, 


[(C.H,As,Me,)PdCl,PdCl,], failed. Similar experiments were then made with o-phenylene- 
bis(di-n-butylarsine). The chief product was the very stable di-o-phenylenebis(dibutyl- 
arsine)palladium dichloride (X), which was converted by the further action of ammonium 
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palladochloride into o-phenylenebis(dibutylarsine)dichloropalladium (as IX). The latter 
compound also failed, however, to give bridged dipalladium compounds. 

The remarkable stability of compounds of type (IX) and (X), and particularly the rapid 
and preferential formation of the complex ion as in (X), show that the structure of these 
diarsines must enable them to form very stable chelate rings with the palladium atom. A 
diagram of the compound (IX), with the four alkyl groups omitted for simplicity, is shown 
in the figure. In the construction of this diagram the only valency angles adopted primarily 


were those of 120° between the ring valencies of the aromatic carbon atoms: the rest of 
the diagram was then drawn by using solely the interatomic “ half-bond lengths’ of 
Pauling and Huggins (Z. Krist., 1934, 87, 205). It will be seen that the C-As—Pd valencies 
subtend an angle of 108°, 7.e., almost exactly the natural angle for the tetrahedral co- 
ordinated arsenic atom. Moreover, the As-Pd—As angle (85°) is almost identical with the 
As-Pd-Br and the Br-Pd-Br angles (86°) in the bridged trimethylarsine compound (III), 
Cl Cl Cl and with the Cl-Pd-Cl angle (87°) in the chains of bridged 

p ae’ X a Np a PdCl, units in crystalline palladium chloride (XI) (Wells, Z. 

cy’ KY Kc’ Krist., 1938, 100, 189). These are probably the decisive 

(XI) factors determining the high stability of the ring systems in 

‘ the compounds (IX) and (X); at the same time, however, it 

is clear that the chlorine atoms in the figure are sterically in an almost ideal position to 

form a bridged ring with another PdCl, residue. The apparent non-existence of such a 

bridged compound must be regarded as strong evidence against the existence of stable 
unsymmetric compounds of type (I). 

The possibility of any steric difficulty preventing the formation of such bridged com- 
pounds was also largely discounted by the fact that bis(phenyldi-n-butylarsine)dichloro- 
palladium, {(PhAsBu,),PdCl,], readily gave the bridged derivative [(PhAsBu,)PdCl,],, and 
bis(triphenylphosphine)dichloropalladium, [(PhgP),PdCl,], also gave the bridged derivative 
[(Ph,P)PdCl,],. These are the first bridged compounds to be described in which aryl 
groups are attached to the phosphorus or arsenic atoms: the bridging process is clearly, 
therefore, not inhibited by the size or nature of the groups attached to such atoms, provided 
such groups allow the formation of the stable symmetric forms (IIA and IIs) of the bridged 

roduct. 
‘ In case the failure to bridge the above chelated diarsine compounds was possibly due 
to the presence of the o-phenylene group, similar experiments were performed upon di- 
arsines in which the arsenic atoms were linked by the -CH,°CH,- group (Chatt and Mann, 
loc. cit.). Ethylene-«f-bis(diphenylarsine) readily gave ethylene-aB-bis(diphenylarsine)- 
dichloropalladium, [C,H,(AsPh,),PdCl,], but no bridged derivative of the latter could be 
obtained. Ethylene-«$-bis(phenylbutylarsine) similarly gave ethylene-aB-bis(phenylbutyl- 
arsine)dichloropalladium (XII). This yellow crystalline compound was isolated in two 
isomeric forms, « m. p. 172—174°, 8 m. p. 185—186°; mixed m. p. 137—150°. Since the 
compound contains two similar asymmetric 4-covalent arsenic atoms, one of these forms 
must be the meso and the other the externally compensated form, and they are therefore 
similar to the two forms of ethylenebis(phenylbutylarsine sulphide) (XIII) (Chatt and Mann, 
loc. cit.). They differ markedly from the bis-sulphide isomers, however, in that no inter- 
conversion could be detected : each form remained unchanged when kept for 14 hours in 
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a molten condition just above its m. p., and also when boiled in alcoholic solution for 2 
hours. This greater stability probably arises from the fact that in the palladium compounds 








cr Bu /Ph - Buy, /Ph - R 
H Mex H Mex HC”>* 
of af S af 
H PdCl, HC  _Ss H,c, MCh 
a 167 7", As” 2 \g7 
Bo~Ph | Bu/\Ph R 
(XII.) ’ (XIII.) - (XIV.) 


the asymmetric arsenic atoms form part of the chelated ring and thus cannot readily undergo 
a change of configuration : in the sulphide compounds the arsenic atoms are not part of a 
ring system and change of configuration (i.e., interconversion) occurs readily under the 
above conditions. It is noteworthy that this is the first example of such isomerism in co- 
ordinated metallic derivatives; Bennett, Mosses, and Statham (J., 1930, 1668) prepared 
several similar disulphide compounds of type (XIV) where M = Pd and Hg, but failed to 
detect the presence of both internally and externally compensated forms. Neither form of 
the diarsine compound (XII) would, however, give a bridged derivative when treated with 
ammonium palladochloride. 

A similar ditertiary arsine containing only alkyl groups has now been synthesised by the 
interaction of ethylene dibromide, u-butyldichloroarsine and aqueous sodium hydroxide to 
give ethylene-aB-bis(butylarsonic acid), C,H,{AsBuO(OH)},. This on reduction with sulphur 
dioxide and hydrochloric acic gave ethylene-«8-bis(butylchloroarsine), C,H,(AsBuCl),, which 
by a Grignard reaction then gave ethylene-aB-bis(di-n-butylarsine), C,H,(AsBug),. The latter 
reacted readily with ammonium palladochloride to give ethylene-aB-bis(dibutylarsine)- 
dichloropalladium (as XII), but this would not undergo further reaction with the pallado- 
chloride to give a bridged dipalladium derivative. 

This repeated failure to isolate a compound which must necessarily have the unsym- 
metric bridged sturcture (I) raised doubt as to whether compounds possessing this structure 
are sufficiently stable to exist either in solution or in the solid state. We have therefore 
re-investigated in considerably greater detail the remainder of the reactions originally 
cited by Mann and Purdie (loc. cit.) as evidence for the unsymmetric form (I). In each 
case, however, these reactions prove to be less simple than originally appeared, and conse- 
quently we now consider that they do not afford evidence for the existence of the unsym- 
metric form in solution. These reactions can be summarised as follows : 

(1) Mann and Purdie showed that when powdered dichlorobis(tri-n-butylarsine)-p- 
dichlorodipalladium (XV) was freely treated with gaseous ammonia, a vigorous reaction 
ensued with production of heat, decomposition of the tetrachloro-compound, and evolution 
of free tributylarsine. When, however, the tetrachloro-compound (XV), either powdered 
or in cold benzene solution, was treated with a limited quantity of gaseous ammonia, two 
ionic compounds, diamminobis(tributylarsine) palladium dichloride (XVI) and tetrammino- 
palladium dichloride (XVII), were formed (equation B): these were both unstable and 
readily lost ammonia to give the non-ionic derivatives (XVIII) and (XIX), a process that 
could readily be reversed. 


[(Bughs),PACHPACH] -*+ ((BuyAs),PA(NH,),ICl, + [(NHP&Ch] (8) 


ts Its 


((Bughs),PdCh] (NH, Pa 

(XVIII (XIX.) 
The ready formation of the compounds (XVI) and sie apparently showed that the 
bridged compound (XV) also had two arsine molecules joined to one palladium atom and 


hence had the unsymmetric structure (as I). 
We now find that when the tetrachloro-compound (XV) in cold benzene or ethereal 
solution is treated quantitatively with only ¢wo molecules of ammonia in alcoholic solution, 
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it acts in the symmetric form (XVB), undergoing fission as shown in equation C, with the 
sole formation of dichloromonoamminotributylarsinepalladium (XX). This compound is 
unstable, however; when its solution in organic solvents is kept at room temperature, 


a / PA, —+ 2[(Bu,As)NH,PdCl,] (C) 
cr “cl AsBug 


(XVB.) (XX.) 


ammonia is slowly lost and the original tetrachloro-compound is regenerated, and when the 
solution is boiled, the same reaction occurs more readily, but at the same time much of 
the dichloro-compound decomposes to form the compounds (XVIII) and (XIX) (equation 
D). Finally, when its cold solution is treated with excess of alcoholic ammonia, the 


2{(BugAs)(NH,)PdCI,] = [(Bu,As),PdCl,] + [(NH,),PdCl,] (D) 


colourless ionic compounds (XVI) and (XVII) are precipitated. It is clear, therefore, 
that the unstable dichloro-compound (XX) is the first product of the action of ammonia 
on the tetrachloro-compound, and that the latter is acting as the symmetric form (as ITA 
or IIB), in spite of the later formation of compounds such as (XVI) and (XVIII). 

(2) Mann and Purdie showed that the butylphosphinetetrachloro-compound, when 
treated with excess of aqueous potassium nitrite solution, gave the corresponding bridged 
tetranitro-compound (equation E); when the butylarsinetetrachloro-compound was used, 
however, the corresponding tetranitro-compound (XXI) was apparently so unstable that it 


[(Bu,P),PdCl,PdCl,] + 4KNO, = [(Bu,P),Pd(NO,),Pd(NO,).] + 4KCl (E) 


[(Bu,As),PdCl,PdCl,] ——~> [(Bu,As),Pd(NO,).!Pd(NO,),] ——> 
(XXI.) atid or i + K,[Pd(NO,),] 


immediately underwent “‘ vertical splitting ’’ with the production of dinitrobis(tributyl- 
arsine)-palladium (XXII) and potassium palladonitrite, these compounds being the sole pro- 
ducts isolated. Here again the production of the compound (XXII) appeared to be strong 
evidence for ihe unsymmetric structure of the parent bridged tetrachloro-compound. 
Now, if the bridged tetranitro-compound (XXI) had actually had the symmetric 
structure (XXIB), the first action of the excess of potassium nitrite would undoubtedly be 
to give a “‘ diagonal splitting ’’ (similar to that in equation C), with the production of the 
ionic potassium butylarsinetrinitropalladium (XXIII). Compounds of this type, having a 


yf yf 
“ d 2KNO, 
® —+ 
Fh AsBug 
(XXIs.) 2K[(Bu,As)Pd(NO,),] —> [(Bu,As),Pd(NO,),] + K,[Pd(NO,),] (F) 
(XXIII) 


univalent anion containing 4-covalent palladium or platinum, are so unstable that very few 
(if any) have ever been isolated : the compound (XXIII) would therefore almost certainly 
have broken down under the above conditions to give one molecule of [(BusAs),Pd(NO,)g] 
and one of K,[{Pd(NO,),] (reaction F). This instability of the ionic compound (XXIII) 
has now been confirmed by its attempted preparation. When an aqueous solution of 
potassium palladonitrite was vigorously shaken with 1 mol. of free butylarsine, half the 
palladium separated as [(Bu,As),Pd(NO,).] and half remained as unchanged K,[Pd(NO,),]. 
Hence the ionic monopotassium salt (XXIII) was either not formed, or, if formed, rapidly 
decomposed as shown in reaction (F). It follows that the dinitro-compound (XXII) and 
potassium palladonitrite would be the products of the interaction of potassium nitrite and 
the bridged tetranitrite (X XI), irrespective of whether the compound (X XI) (and hence the 
parent tetrachloro-compound) had the unsymmetric or the symmetric structure. 
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The instability of compounds such as (XXIII) has already been demonstrated by Mann 
(J., 1930, 1746), who showed similarly that when potassium platinochloride was treated 
with 1 equiv. of methyl ethyl sulphide, the only products were [(MeEtS),PtCl,] and 
unchanged K,[PtCl,], both apparently resulting from the decomposition of the 
K[(MeEtS)PtCl,] which would first be formed. 

(3) The remaining reaction cited by Mann and Purdie in support of the unsymmetric 
structure is closely parallel to the preceding one. When the bridged butylarsine-tetrathio- 
cyanate was treated with an excess of aqueous potassium thiocyanate, it also underwent an 
apparent “‘ vertical splitting ”’ : 

[(BugAs),Pd(SCN),!Pd(SCN),] + 2KSCN = [(Bu,As),Pd(SCN),] + K,[Pd(SCN),) (G) 
Here again, however, if the bridged tetrathiocyanate had had the symmetric structure, 
it would have given a “ diagonal splitting ”’ similar to that shown in reaction (F) and with 
the production of the ionic K[(Bu,As)Pd(SCN),]; the latter would have been unstable and 
would have decomposed with the formation of the same final products as those shown in 
equation (G) : 

2K[(Bu,As)Pd(SCN),] = 2[Bu,As),Pd(SCN),] + Ky[Pd(SCN),] 


To confirm this, potassium palladothiocyanate in aqueous solution was vigorously shaken 
with 1 equiv. of tributylarsine. The ionic monopotassium derivative which must 
apparently be the first product of the reaction at once decomposed, forming the unbridged 
dithiocyanate and the original potassium palladothiocyanate : 


2K,[Pd(SCN),] + 2Bu,As —> 2K[(Bu,As)Pd(SCN) 
“ a eee) B(Bu,As),Pa(SCN)y) + Ky{PA(SCN), 


The decomposition of the monopotassium salt is not due to the comparative insolubility 
of [(BugAs),Pd(SCN),] in water, for the experiment was repeated in alcohol and the same 
results obtained, although the two final products were both soluble in the original solution. 

There would, therefore, appear to be very little evidence now for the existence of the 
unsymmetric form (I) in organic solvents, although possibly a minute quantity may exist 
in equilibrium with the two symmetric forms. The high value of the dipole moments of 
the bridged tetrachlorides and the dichloro-oxalate cited by Mann and Purdie (loc. cit.) 
must be due primarily to the presence of a tautomeric mixture of the cis- and the évans- 
symmetric forms alone. This tautomerism is to be expected in view of the facile inter- 
conversion of cis- and é¢vans-forms known to occur in 4-covalent palladium compounds 
(Mann, Crowfoot, Gattiker, and Wooster, J., 1935, 1642). 

It should be noted that there is one essential difference between the bridged ring system 
present in the symmetric forms (IIa and ITs) and that present in the unsymmetric form (I). 
The ring system in the forms (IIa and IIs) can be represented as (XXIV), or alternatively 


+ 
l Cl 2 ili 1 
Pa ‘pa Pat” ’pa Bat, Pa Pa “Pa 
Cl Cl Ch 1 
(XXIV.) (XXV.) (XXVI.) (XXVII.) 
the covalent and co-ordinate links can be interchanged about the chlorine atoms as in 
(X XV), the unbridged groups being omitted for simplicity in each formulation. If, how- 
ever, the co-ordinate link is represented as a charged covalent link as in (X XVI), it will be 
seen that the ring systems (XXIV) and (XXV) are essentially the same and there is no 
fundamental difference between the inter-atomic linkages. These considerations are in 
accordance with the experimental facts; for instance, Mann and Wells (this vol., p. 702) 
found that both the compounds [(Me,As)CIPdCl,PdCl(Me,As)] and 
[(Me,As)BrPdBr,PdBr(Me,As)] 

had the #ans-symmetric structure, and that in each compound the halogen-palladium 
distance was constant around the ring. This equivalence of the linkages around the ring 
(XXVI) will clearly have the effect of stabilising the ring system considerably. In the 
ring system (XXVII) present in the unsymmetric form (I), however, the positions of 






tr 4 he 


i e-2-2- ee 




















[1939] Complex Metallic Salts. Part X. 1629 
the covalent and co-ordinate links are fixed and cannot be similarly interchanged ; the ring- 
system as such is thus less symmetric and more unstable than that in (X XVI), and in 
addition the molecule will have a high dipole moment. 

The results obtained in the study of these bridged di-palladium compounds now throw 
considerable light on the probable mechanism of their formation, which is usually carried 
out by treating, e.g., the unbridged dichloride with ammonium palladochloride in boiling 
aqueous-alcoholic solution, the course of the overall reaction being indicated as 

[(RsP),PACl,] + (NH,)e{PdCl,] = [(RsP),Pd,Cl] + 2NH,CI (H) 
The ready progress of this reaction probably depends primarily on two factors: (i) the 
comparatively loose co-ordination of the phosphine or arsine molecules to the palladium 
atoms (as proved by the ready conversion of cis = trans-isomerides) ; (ii) the consequent 
formation of an unstable salt which contains a univalent anion and decomposes under these 
conditions to give the bridged derivative. Thus, in general terms, if X is a univalent acid 
radical and M a univalent cation, the reaction proceeds first by the palladium atoms sharing 
the available phosphine or arsine molecules to form the unstable salt (XXVIII), which 

[(R,P)sPdX,] + M,[PdX,] = 2M[(R,P)PAX,] Z [(R,P)gPd;X,] + 2MX (1) 

(XX VIII.) 

then in the boiling solution decomposes to give the corresponding bridged dipalladium 

compound, which thus will have the symmetric structure. In the nitrite and thiocyanate 

reactions described under (2) and (3) respectively, it is clear that the general reaction (I) 

has been completely reversed, the bridged compound under the influence of a considerable 

excess of aqueous MX having reverted through the salt (X XVIII) to the original unbridged 
compound. This reversal can be effected even by ammonium salts: the yield of the 
bridged butylphospinetetrachloro-compound in reaction (H) is greatly reduced if the 
ammonium palladochloride solution is first diluted with ammonium chloride. 

One compound is known, however, which may have the unsymmetric bridged structure. 

Chattaway and Drew (J., 1938, 198) have shown that cis(or 8)-dichlorodiamminoplatinum 

[(NH,),PtCl,] gives with potassium palladochloride a reaction which they formulate as 


[Pt(NH,),]Cl, + K,[PdCl,] = [Pt(NH,).]PdCl, + 2KCl. 


It is significant that the trans(or «)-compound does not give a similar reaction. Now the 
«- and the 6-form of [(NH,),PtCl,] differ from cis- and évans-forms of similar non-ionic 
palladous compounds in possessing considerable stability and in showing very little (if 
any) direct interconversion. Therefore, if the product of the above reaction is a bridged 
compound, it necessarily follows that only the cts-[(NH,),PtCl,] could give such a com- 
pound, and that the latter must have the unsymmetrical struc- 

NEsy "4 a a’ Cl) ture (XXIX). The fact that several other cis-platinous com- 
NH.” Nc Na pounds failed to give similar products does not invalidate the 
3 (XXIX,) bridged structure (X XIX). Many bridged compounds contain- 

ing two different metals (e.g., mercury-cadmium, and mercury-— 

palladium) have been prepared in these laboratories and will be described in a later 
communication; their formation, however, appears to be affected not only by the metals 
present but also very markedly by the groups linked to these metals. The elucidation of 
the structure of Chattaway and Drew’s compound will be of great interest therefore. 


EXPERIMENTAL. 


To determine whether an unbridged palladium compound would form a bridged derivative, 
the former in alcoholic solution was boiled with an equimolecular quantity of ammonium palla- 
dochloride dissolved in a minimum of water. In these circumstances, if bridging occurred the 
reaction was rapid, and even after prolonged boiling only a trace of metallic palladium was 
deposited; if, however, bridging failed to occur, considerable reduction of the palladochloride 
and consequent deposition of palladium soon took place. When negative results were obtained, 
the unchanged palladium compound was always recovered. The bridging of suitable compounds 
will occur in acetone solution, but less readily than in alcohol; in acetone, however, very little 
reduction takes place even if bridging fails. 

50 


4 
2 

















1630 Chatt and Mann: The Constitution of 


Experiments with Disulphides.—(1) Solutions of ethylenebis(ethylsulphide)dichloropalla- 
dium (VII; 1g.) in a minimum of boiling alcohol and of ammonium palladochloride (0-86 g., 
1 mol.) in water (10 c.c.) diluted with alcohol (10 c.c.) were mixed and boiled under reflux for 
45 mins. Considerable reduction to palladium occurred, and the filtered solution on cooling 
deposited the unchanged dichloro-compound (VII), m. p. 180°. 

(2) »-Octylthiol (5-6 g., 2 mols.) and ethylene dibromide (3-6 g., 1-7 c.c.; 1 mol.) were 
added in turn to the product obtained by the interaction of sodium (0-9 g.; 2 atoms) and hot 
alcohol (50 c.c.). The mixture was boiled under reflux for 2 hours, and filtered hot; the chilled 
filtrate deposited colourless waxy plates of ethylenebis(n-octylsulphide) which, when recrystallised 
from alcohol, had m. p. 29° (Found: S, 20-05. C,H ,S, requires S, 20-1%). 

Solutions of this disulphide (2 g.) in alcohol (100 c.c.) and of ammonium palladochloride 
(1-8 g.; 1 mol.) in water (20 c.c.) diluted with alcohol (40 c.c.) were mixed and vigorously shaken. 
The pale orange ethylenebis(n-octylsulphide)dichloropalladium (as VII) which separated was 
collected, washed with alcohol and water, and recrystallised from acetone; on being heated, 
the crystals darkened at ca. 270°, and melted with effervescence at ca. 280° (Found: Pd, 21-6. 
C,,H;,Cl,S,Pd requires Pd, 21-3%). When this compound was boiled with ammonium pallado- 
chloride in aqueous alcohol, similar results to those with the ethyl analogue were obtained. 
Experiments in boiling acetone enabled more concentrated solutions to be used, but bridging 
did not occur. 

Experiments with Diarsines.—(1) o-Phenylenebis(dimethylarsine) derivatives. Solutions of 
the arsine (2 g.; 2 mols.) in alcohol (10 c.c.) and of the palladochloride (1 g.) in water (10 c.c.) 
diluted with alcohol (20 c.c.) were mixed and boiled for 5 minutes. The clear yellow solution so 
obtained was then evaporated to dryness on a water-bath. The residue was very soluble in 
water and methyl and ethyl alcohols, but insoluble in nearly all other organic liquids. Re- 
crystallised from water, it separated as a very pale yellow (almost colourless) hydrate; this, 
however, spontaneously lost water on exposure to the atmosphere for even 15 minutes and gave 
the anhydrous deep yellow di-o-phenylenebis(dimethylarsine)palladium dichloride (as X) (Found : 
C, 32-3; H, 4-4. CyoH ,Cl,As,Pd requires C, 32-1; H, 43%). 

Solutions of the diarsine (2 g.) and ammonium palladochloride (1 g.) in aqueous alcohol as 
before were boiled together to give a solution of the above ionic dichloride (as X), and a mixture 
of concentrated hydrochloric acid (12 c.c.) and alcohol (80 c.c.), and then more ammonium 
palladochloride (1 g.), were addedinturn. Di-o-phenylenebis(dimethylarsine)palladium pallado- 
chloride, [((C,H,As,Me,),Pd][PdCl,], was immediately precipitated as minute, deep red crystals ; 
more hydrochloric acid (6 c.c.) in alcohol (20 c.c.) was added to convert these insoluble crystals 
into the dichloro-compound (IX) and the boiling was continued for l hour. Most of the red 
crystals were still unchanged, however, so the solution was filterei hot; the residue of the red 
palladochloride was washed and dried (Found: C, 26-05; H, 3-7. C,).H;,Cl,As,Pd, requires 
C, 25-9; H, 35%). The solution on cooling deposited o-phenylenebis(dimethylarsine)dichloro- 
palladium (IX) as greenish-yellow crystals, which were recrystallised rapidly from dilute methyl 
alcohol (1:1 by vol.) (charcoal); the crystals were unaffected by heating to 300° (Found : 
C, 25-7; H, 3-5. C, 9H,,Cl,As,Pd reauires C, 25-9; H, 3-5%). Further supplies of this com- 
pound were obtained by boiling the red palladochloride again with alcoholic hydrochloric acid, 
but the yield was low. 

When mixed aqueous-alcoholic solutions of the dichloro-compound (IX) and ammonium 
palladochloride were boiled, rapid reduction of the latter to metallic palladium occurred. In 
order to avoid this, and to work in more concentrated solution, solutions of the dichloro-com- 
pound (0-5 g.) in acetone (120 c.c.) and water (30 c.c.) and of the palladochloride (0-33 g.; 1 mol.) 
in acetone (30 c.c.) and water (30 c.c.) were mixed and boiled under reflux for 2 hours, No 
reduction occurred, and on cooling, the unchanged dichloro-compound (0-25 g.) separated. 

(2) o-Phenylenebis(di-n-butylarsine) derivatives. The metallic derivatives of this diarsine 
were more readily prepared and more soluble in organic solvents than those of the previous 
diarsine; they were therefore examined in considerable detail. 

The direct action of the diarsine on ammonium palladochloride always gave the ionic di- 
chloride (X). For instance, a solution of the diarsine (2 g.) in alcohol (15 c.c.) was slowly added 
with vigorous shaking to one of ammonium palladochloride (1-4 g.; 1 mol.) in water (20 c.c.). 
After 5 mins,’ shaking, water (50 c.c.) was added and the agitation continued for 30 mins. The 
precipitate was then collected, and washed with a very small quantity of alcohol and water. 
This pale yellow solid was freely soluble in warm methyl and ethyl alcohol but insoluble in 
benzene, cyclohexane, and ethyl carbonate. It was recrystallised from benzene containing 10% 
of alcohol, colourless crystals of the tetrahydrate of di-o-phenylenebis(dibutylarsine)palladium 
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dichloride (X) being obtained (Found: C, 45-0; H, 7:7; H,O, 6-15. C,H, ,Cl,As,Pd,4H,O 
requires C, 45-6; H, 7:7; 4H,O, 6-2%). This hydrate when exposed to sulphuric acid in a 
vacuum for several days gave the deep yellow anhydrous compound, but the latter on exposure 
to the air for even 1—2 minutes reverted to the colourless hydrate; hence the latter is always 
obtained when the material is recrystallised and collected on a filter. This intense avidity for 
water is in marked contrast to the readiness with which the hydrated methyl analogue loses 
water on exposure to air. 

o-Phenylenebis(di-n-butylarsine)dichloropalladium (as IX) was made by the united action of 
hydrochloric acid and of ammonium palladochloride on the previous compound. A solution of 
the palladochloride (1-3 g.) in water (12 c.c.) and alcohol (24 c.c.) was divided into two equal 
portions. A solution of the diarsine (2 g.) in alcohol (6 c.c.) was added to one portion, and the 
mixture boiled to give a solution of the ionic dichloride (X). Concentrated hydrochloric acid 
(2 c.c.) and the second portion of the palladochloride solution were added in turn, giving an 
immediate reddish-brown precipitate of the complex palladochloride [{C,H,(AsBu,),},Pd][PdCk]. 
More hydrochloric acid (10 c.c.) and alcohol (80 c.c.) were added, and the boiling continued ; 
the colour of the solution rapidly faded as the brown palladochloride was completely converted 
into the required dichloro-compound, which separated as yellow crystals when the solution was 
filtered and cooled; these crystals, when recrystallised from alcohol, had m. p. 273—275° 
(Found: C, 41-7; H, 6-1. C,,H,»Cl,As,Pd requires C, 41-8; H, 6-4%). This compound is 
very soluble in chloroform, slightly soluble in hot alcohol and acetone, and insoluble in benzene. 

The complete conversion of the insoluble palladochloride into the dichloro-compound under 
the influence of hydrochloric acid is in marked contrast to the behaviour of the analogous methyl 
derivative, which even after prolonged heating in these conditions gave only slight conversion 
to the dichlorodiarsinepalladium. 

When solutions of o-phenylenebis(dibutylarsine)dichloropalladium (1 g.) in boiling alcohol 
(200 c.c.) and ammonium palladochloride (0-5 g.) in water (6 c.c.) and alcohol (12 c.c.) were mixed 
and boiled, reduction and precipitation of palladium occurred within 2-—3 mins. After 10 mins., 
the solution was mixed with animal charcoal to withhold the palladium, and then filtered ; 
unchanged dichloro-compound (0-8 g.) separated on cooling. Similar experiments were carried 
out in boiling dilute acetone; after 1 hour’s boiling no reduction had occurred, but the solution, 
when filtered and cooled, gave the unchanged dichloro-compound. 

For comparison with this diarsine, phenyldi-n-butylarsine was prepared by the interaction 
of phenyldichloroarsine (20 g., 12 c.c.) in ether (70 c.c.) and a Grignard reagent prepared from 
magnesium (6-5 g.; 3 atoms) under ether (70 c.c.) and #-butyl bromide (36-8 g., 29 c.c.; 3 mols.) 
in ether (70 c.c.). The product was hydrolysed in the usual way with ammonium chloride 
(36 g.) dissolved in water (200 c.c.), and the arsine obtained as a colourless liquid, b. p. 158— 
161°/21 mm. (Found: C, 63-3; H, 8-6. C,,H,,As requires C, 63-1; H,8-7%). Yield 145g. 

When solutions of the arsine (5 g., 2 mols.) in alcohol (20 c.c.) and of ammonium pallado- 
chloride (2-7 g.) in water (50 c.c.) were vigorously shaken, a red oil separated, and ultimately 
solidified when water (50 c.c.) was added and ice-cooling applied. This crude solid was recrystal- 
lised from alcohol, strong cooling affording orange crystals of bis(phenyldi-n-butylarsine) dichloro- 
palladium, m. p. 47° (Found: Cl, 9-8. C,,H,,.Cl,As,Pd requires Cl, 10-0%). 

When the solutions of the last compound (2 g.) in alcohol (50 c.c.) and of ammonium pallado- 
chloride (0-95 g.; 1 mol.) in water (7 c.c.) and alcohol (14 c.c.) were mixed and boiled, bridging 
rapidly occurred, and after 10 mins.’ boiling the solution, when filtered and cooled, deposited 
bright red crystals of dichlorobis(phenyldi-n-butylarsine)-y-dichlorodipalladium; these, when 
twice recrystallised from alcohol, had m. p. 166° (Found: C, 37:8; H, 5-0. C,,H,,Cl,As,Pd, 
requires C, 37-8 ; H, 5-3%). The same compound was also obtained in a series of experiments 
in which aqueous alcohol and aqueous acetone were used in turn as solvents with 1 hour’s 
boiling, and in which the concentration of ammonium palladochloride was approximately 
the same as in the experiments with the diarsines. It is clear, therefore, that the physical 
conditions used in the diarsine experiments were suitable for successful bridging, and that the 
failure was due solely to the nature of the compounds employed. 

To show that aromatic groups do not inhibit bridging, solutions of triphenylphosphine (1 g.) 
in hot alcohol (10 c.c.) and of ammonium palladochloride (0-55 g.) in hot water (5 c.c.) and 
alcohol (10 c.c.) were mixed and shaken. A yellow solid was immediately precipitated. Water 
(50 c.c.) was added, and after further shaking, the bis(triphenylphosphine)dichloropaliadium was 
collected, dried, and recrystallised from toluene, from which it separated in bright yellow crystals, 
which when rapidly heated decomposed at ca. 250—270° (Found: Pd, 15-1. CygHyoCl,P,Pd 
requires Pd, 15-2%). The solubility of this compound in various solvents is much lower than 
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that of similar compounds having alkyl groups: it is almost insoluble in hot alcohol and 
acetone. 

Bridging occurred readily with this compound, although its low solubility made manipulation 
difficult. For instance, solutions of the dichloro-compound (0-5 g.) in a boiling mixture of chloro- 
form (100 c.c.) and alcohol (150 c.c.) and of ammonium palladochloride (0-4 g.) in water (40 c.c.) 
and alcohol (50 c.c.) were mixed and boiled under reflux for 1 hour, during which fine deep red 
crystals were deposited. These were collected, and a second crop obtained by spontaneous 
evaporation of the filtrate. These crystals of dichlorobis(triphenylphosphine)-y-dichlorodipalla- 
dium were insoluble in all solvents tried; they were therefore washed with hot chloroform, 
alcohol, and water, but a trace of metallic palladium could not be eliminated (Found: Pd, 25-1. 
CygHCl,P,Pd, requires Pd, 24-2%). On strong heating, the crystals slowly decomposed. 

(3) Ethylene-aB-bis(diphenylarsine). When solutions of this diarsine (2 g.) and ammonium 
palladochloride (1-2 g.; 1 mol.) in aqueous alcohol were boiled as before, a yellow solid rapidly 
separated; after 1—2 mins.’ boiling, this was collected, washed, dried, and recrystallised from 
ethylene dibromide. Ethylene-aB-bis(diphenylarsine)dichloropalladium was obtained as yellow 
crystals, which on heating melted with decomposition at a high temperature (Found: C, 46-7; 
H, 3-7. C,,H,,Cl,As,Pd requires C, 47-0; H, 3-65%); it is sparingly soluble in alcohol and 
acetone, freely soluble in chloroform. 

When solutions of this compound in alcoholic chloroform and of ammonium palladochloride 
in aqueous alcohol were boiled, reduction to palladium rapidly occurred, and the filtered solution 
on cooling gave the unchanged dichloro-compound. Similar attempts to form the bridged 
compound in acetone also failed. 

(4) Ethylene-a8-bis(phenylbutylarsine). When this diarsine was treated directly with an 
aqueous solution of ammonium palladochloride, a dark, sticky, impure product was obtained. 
A cleaner product, consisting of the a- and the 6-form of the dichloropalladium compound, was 
obtained when cyclohexane solutions of the diarsine were used. A mixture of cyclohexane 
(75 c.c.) and a solution of ammonium palladochloride (8-7 g.) in water (400 c.c.) was vigorously 
shaken whilst a solution of the diarsine (13-6 g.) in cyclohexane (75 c.c.) was slowly added. 
The greenish-yellow sticky solid which separated during 1 hour’s shaking was collected, washed 
with water, and dried; a small sample obtained crystalline by cooling its alcoholic solution for 
2—3 days was used to seed the main portion, which was then recrystallised from alcohol (char- 
coal). A mixture, m. p. 135—145°, of the a- and the 6-form of ethylene-aB-bis(phenylbutyl- 
arsine)dichloropalladium was thus obtained as pale yellow crystals (Found: C, 42-7; H, 5-25; 
M, ebullioscopic in 2:59% acetone, 600; in 405% acetone, 621. C,,H;,Cl,As,Pd requires 
C, 42:3; H, 5-2%; M, 624). The alcoholic mother-liquor contained a very soluble by-product, 
probably [(C,H,As,Bu,Ph,),Pd]Cl,; this was obtained solid by evaporation, but subsequently 
gave a sticky product from all those solvents in which it was only moderately soluble. 

The separation of the two forms proved very tedious and could be performed satisfactorily 
only by using small quantities at each operation. A solution of the above mixed a- and 6-forms 
(0-5 g.) in hot alcohol (30 c.c.) was cooled to 25° and kept at this temperature with scratching 
until no further crystallisation occurred. The mixture was filtered, the filtrate transferred to 
a dust-free flask, warmed until any crystals which had subsequently appeared were just dis- 
solved, and then set aside until crystallisation at room temperature was complete. Two types of 
crystals were deposited; these were collected and separated by hand. Type I, m. p. ca. 155— 
165°, rectangular crystals, consisted of crude a-form; type II, m. p. ca. 134—140°, consisted of 
stellate groups each having a nucleus of the «-form with radiating needles of the 8-form. These 
needles were broken off mechanically, and had m. p. ca. 160—170°; mixed m. p. with type I 
crystals, 134—140°. 

By repetitions of this process, 0-5 g. of type I crystals was finally obtained, and after four 
recrystallisations from alcohol gave the pure a-form, m. p. 172—174° (Found: Pd, 17-1; M, 
ebullioscopic in 1-23% acetone solution, 591; in 2-88% solution, 618. C,,H,,Cl,As,Pd requires 
Pd, 171%; M, 624). 

The crystals which had separated as the original alcoholic solution cooled to 25° were ulti- 
mately found to be the best source of the pure 6-form, since this crop, although small, contained 
a higher proportion of the B-form than did the larger crop which separated below 25°. This 
small crop was therefore dissolved in alcohol to give a saturated solution at 25° and set aside as 
before for spontaneous crystallisation at room temperature. Crystals of type II, having how- 
ever only a very small nucleus of the a-form, slowly separated, and on repeated recrystallisation 
ultimately gave the pure 8-form, m. p. 185—186° (Found: Pd, 17:25%; M, ebullioscopic in 
118% acetone solution, 647; in 2-22% solution, 636). A mixture of approximately equal 
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quantities of the two pure forms melted at 137—-150°. It should be emphasised that the differ- 
ence in solubility of the two forms in alcohol is so small, and crystallisation of each form is 
initiated so readily by chance nuclei, that the isolation of the two forms by fractional crystal- 
lisation is not practicable unless in addition a considerable separation is made by hand: even 
so, the process is exceedingly tedious. 

It is remarkable that no interconversion of the two forms was observed on heating in the 
molten condition just above their m. p.’s, or on prolonged boiling in alcoholic solution. For 
instance, the pure a-form was heated at 180° for 14 hours, and the molten material then allowed 
to cool and solidify; it melted almost unchanged at 170—173°. Also, a solution of the a-form 
(0-088 g.) in alcohol (9 c.c.) was boiled under reflux for 2 hours, and on cooling deposited the 
pure a-crystals, m. p. 172—174°. Similarly, the pure B-form, maintained molten at 189° for 
1} hours, when allowed to cool and solidify; melted at 181—183°; an alcoholic solution, boiled 
for 2 hours, on cooling deposited the unchanged f6-form, m. p. 185—186°. 

All attempts to prepare bridged compounds from these forms failed. 

(5) Ethylene-«B-bis(di-n-butylarsine). n-Butyldichloroarsine (100 g.; 2 mols.), prepared by 
the method of Quick and Adams (J. Amer. Chem. Soc., 1922, 44, 805), and a solution of sodium 
hydroxide (79 g.; 8 mols.) in water (190 c.c.) were boiled under reflux with stirring until marked 
foaming ceased; the mixture was allowed to cool slightly, ethylene dibromide (46-3 g.; 1 mol.) 
added, and the boiling continued for 3 hours. More dibromide (20 g.) was added, and after 3 
hours’ further boiling the solution was cooled, a foul-smelling, oily by-product extracted with 
ether, and the aqueous layer made just acid to Congo-red with concentrated hydrochloric acid. 
The white precipitate (14 g.) was collected, washed with water, twice recrystallised from aqueous 
alcohol (1: 1 by vol.) and finally from water; ethylene-afB-bis(arsonic acid) was thus obtained 
as colourless crystals, m. p. 201—202° (decomp.), almost insoluble in cold water or alcohol 
(Found: C, 33-3; H, 6-6. C,,.H,,0O,As, requires C, 33-5; H, 6-8%). 

Solutions of the crude bis(arsonic acid) (26 g.) in dilute hydrochloric acid (50 c.c., 1: 1 by 
vol.) and of potassium iodide (0-75 g.) in water (5 c.c.) were mixed, and sulphur dioxide passed 
in for 3 hours. The oily chloro-arsine was extracted with chloroform and dried (sodium sul- 
phate), the chloroform removed by distillation, and the residue fractionally distilled at greatly 
reduced pressure. Ethylene-aB-bis(butylchloroarsine) was thus obtained as an odourless, pale 
yellow liquid, b. p. 160—165°/0-05 mm. (Found: C, 33-0; H, 6-3. (C, H,,Cl,As, requires 
C, 33-05; H, 6-1%). 

The ditertiary arsine was prepared by the interaction in a hydrogen atmosphere of the 
chloro-arsine (12-5 g.) in benzene (50 c.c.) and a Grignard reagent prepared from magnesium 
(3g.; 3-5 atoms) and »-butyl bromide (16-5 g.; 3-6 mols.) in ether (60c.c.), the mixture through- 
out being vigorously stirred with ice-cooling. The solution was then boiled under reflux for 
30 mins., strongly cooled, and hydrolysed with a solution of ammonium chloride (26 g.) in water 
(150 c.c.), the current of hydrogen being maintained throughout. The ethereal layer was 
separated and dried, the ether removed, and the residue fractionally distilled under reduced 
pressure. Ethylene-af-bis(dibutylarsine) was thus obtained as a colourless liquid, b. p. 161— 
162°/0-04 mm., very readily oxidised on exposure to air (Found: C, 53-65; H, 9-865. 
C,,H, As, requires C, 53-2; H, 9-9%). 

When a solution of the diarsine (2-8 g.) in alcohol (20 c.c.) was slowly added with shaking to 
one of ammonium palladochloride (2-0 g.; 1 mol.) in water (20 c.c.) and alcohol (40 c.c.), a fine 
reddish precipitate, presumably of [(C,H,As,Bu,),Pd][PdCl,], first separated but rapidly redis- 
solved, and ultimately the yellow ethylene-a®-bis(dibutylarsine)dichloropalladium (as XII) 
separated. After 2 hours, this was collected, thrice recrystallised from alcohol, and obtained 
as yellow crystals, m. p. 221° (without decomp.) (2 g.) (Found: Pd, 18-4; M, ebullioscopic in 
0-997% acetone solution, 634; in 4-04%, 625; cryoscopic in 0-818% bromoform solution, 1997. 
C,gsHwCl,As,Pd requires Pd, 18-3%; M, 584. The high association in bromoform is note- 
worthy). This compound differs from all the previous similar palladium derivatives of ditertiary 
arsines, except that of C,H,(AsPhBu),, in its high solubility in hot alcohol, in which it resembles 
the corresponding derivatives of the simple trialkylarsines; it differs from the latter, however, 
in its pale yellow colour (compared with the deep orange of the trialkyl derivatives) and its 
very low solubility in benzene. 

When solutions of this palladium compound (1 g.) in alcohol (30 c.c.) and of ammonium 
palladochloride (0-5 g.; 1 mol.) in water (5 c.c.) were mixed and boiled under reflux for 30 mins., 
much metallic palladium was deposited. The solution was mixed with charcoal and filtered, 
and the filtrate on cooling deposited the unchanged diarsine compound (0-97 g.), m. p. after 
recrystallisation, 220—221°, mixed m. p. 220—221°. A similar experiment in hot acetone 
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solution gave no reduction to palladium, but the results were otherwise identical. No indication 
of a bridged compound could be detected in either experiment. 

Action of Ammonia on Dichlorobis(tributylarsine)-p-dichlorodipalladium (XVs).—An alcoholic 
solution of ammonia (1-57 g./l.) was prepared. The dry powdered tetrachloro-compound 
(XVB; 3-8 g.) was shaken with insufficient ether (40 c.c.) to dissolve it, and to the saturated 
solution and solid, alcoholic ammonia (100 c.c. containing 0-157 g. = 2-05 mols.) was slowly 
added with shaking; the suspended tetrachloro-compound rapidly dissolved, and the colour of 
the solution changed from red to orange. The greater part of the solvent was then allowed to 
evaporate spontaneously, and the orange compound which separated was collected, washed 
with water, dried, and then very rapidly recrystallised from cyclohexane (charcoal). Dichloro- 
monoamminotributylarsinepalladium (XX) separated as orange crystals, m. p. 73—74° (decomp.) 
(Found : N, 3-0; Pd, 23-7; M, cryoscopic in 1-11% ethylene dibromide solution, 460; in 1-89% 
solution, 468. C,,H,,NCl,AsPd requires N, 3-2; Pd, 24:2%; M, 441). The same reaction 
occurs in benzene solution, but the more rapid evaporation of the ethereal alcohol is advantageous 
in view of the unstable nature of the product. 

When orange solutions of (XX) in cold cyclohexane were exposed to the air for 2—3 days, 
the colour slowly deepened to red, and ultimately the original tetrachloro-compound (XVB) 
was deposited. When a solution of (XX; 0-5 g.) in cyclohexane (10 c.c.) was boiled under 
reflux, it immediately became cloudy owing to deposition of [(NH;),PdCl,} and slowly lost 
ammonia; after 12 hours the yellow [(NH;),PdCl,] was collected, and when washed with hot 
cyclohexane and dried, was pure (Found: N, 13-2. Calc. for H,N,Cl,Pd: N, 13-2%). The 
original filtrate on cooling deposited red crystals of the tetrachloro-compound (XVs), which 
were collected and recrystallised; m. p. 128—129°, alone and when mixed with an authentic 
sample. The original filtrate was finally evaporated to dryness, and the orange residue of 
[(Bu,As),PdCl,] after recrystallisation from alcohol had m. p. 52—53°, alone and mixed. 

When a cyclohexane or benzene solution of (XX) was treated with an excess of alcoholic 
ammonia, the colour faded to a very pale yellow, and a white mixture of [(Bu,As),Pd(NH;),]Cl, 
and [(NH,),Pd]Cl, was deposited. 

Interaction of Tributylarsine and Potassium Palladonitrite—Solutions of potassium pallado- 
nitrite (1-05 g.) in water (40 c.c.) and of tributylarsine (0-7 g.; 1 mol.) in alcohol (7 c.c.) were 
vigorously shaken together, an immediate evolution of heat and deposition of [(Bu,As),Pd(NO,),] 
occurring. After 1 hour’s shaking, the product was collected, washed with water, and dried. 
Yield, 0-95 g. (calc.: 0-98 g.). The dinitrite, recrystallised from alcohol, had m. p. 97—98°, 
unchanged by admixture with an authentic sample. 

Interaction of Tributylarsine and Potassium Palladothiocyanate.—Solutions of K,[Pd(SCN),] 
(1-2 g.) in water (30 c.c.) and of tributylarsine (0-7 g.) in alcohol (7 c.c.) were similarly mixed and 
shaken. After 1 hour, the product was collected, washed with water, and dried: yield, 1-05 g. 
This product, m. p. 66—73°, consisted of [(Bu,As),Pd(SCN),} containing a small quantity of the 
tetrathiocyanate, [(Bu,As),Pd,(SCN),]. Fractional crystallisation from alcohol gave first the 
latter compound, m. p. 112—113° (0-08 g.), and finally the unbridged dithiocyanate, 
m. p. 74—75°, alone or mixed with an authentic sample. The intermediate product 
K[(Bu,As)Pd(SCN),] had thus decomposed in both the directions shown in equation I, but 
mainly to give the unbridged derivative. 

The experiment was repeated under the following conditions in order to retain all the reactants 
in solution. Chilled solutions of K,[Pd(SCN),] (2-8 g.) in water (2-5 c.c.) and alcohol (50 c.c.) 
and of tributylarsine (1-65 g., 1 mol.) in alcohol (16 c.c.) were slowly mixed with shaking; the 
colour faded considerably but no precipitation occurred. The solution was allowed to evaporate 
spontaneously and finally taken to dryness in a desiccator. White crusts of potassium thio- 
cyanate and red needles of K,[Pd(SCN),] were extracted with water, and the dried residue 
weighed 2-35 g. (theoretical for [(Bu,As),Pd(SCN),], 2-4 g.). This residue, as before, consisted 

of the unbridged dithiocyanate with a trace of the tetrathiocyanate. 


The authors are greatly indebted to the Department of Scientific and Industrial Research 
and to the Sir Richard Stapley Educational Trust for grants, and to Messrs. The Mond Nickel 
Co. for a loan of palladium. 

THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, August 5th, 1939.} 
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341. Hxperiments on Vitexin. 


By Ervin P&TeERI. 


Triacetylapigenin has been obtained from a mixture of vitexin and zinc dust by 
sublimation in a high vacuum and subsequent acetylation. No new degradation 
products were obtained by oxidation of vitexin. 


VITEXIN, isolated from the New Zealand dye-wood Vitex littoralis by Perkin (J., 1898, 78, 
1019) and from Saponaria officinalis by Barger (J., 1906, 89, 1210), has been investigated 
by the former (loc. cit.; J., 1900, 77, 416), who assigned to it the formula C,,H,,0, or 
C,H, 0s. 

; Attempts that have now been made to convert vitexin directly into apigenin (C,;H905) 
by the action of dehydrating agents (phosphoric oxide, potassium hydrogen sulphate, a 
mixture of sulphuric and acetic acids, formic acid) have not been successful. Sublimation 
with zinc dust in a high vacuum, however, yielded in minute quantity a polyphenol, 
C,;H,,0,, which on acetylation gave a triacetyl compound the melting point, 180°, of 
which was not depressed by triacetylapigenin (m. p. 181—182°). 

From vitexin, a tetranitro-compound was prepared by Perkin’s method, but with 
dioxan as solvent; a much purer product, C,,H,O,(NO,),, was thus obtained, which did 
not depress the melting point of tetranitroapigenin, thereby proving the identity of the 
two substances surmised by Perkin. 

Attempts were made to oxidise the aliphatic hydroxyls of vitexin so as to give ketones 
or aldehydes or to obtain a degradation product containing all three of the aliphatic carbon 
atoms. Oxidation with Fehling’s reagent yielded phloroglucinol, #-hydroxyacetophenone, 
and an amorphous acid; potassium ferricyanide gave ~-hydroxybenzoic acid; hydrogen 
peroxide yielded #-hydroxybenzoic acid and a minute amount of quinol. A large quantity 
of ammoniacal silver nitrate was reduced by vitexin; the oxidation product could not be 
isolated. Vitexin did not react with lead tetra-acetate in acetic acid, owing possibly to 
the insolubility of vitexin in that solvent. 

Vitexin did not yield crystalline compounds with the usual methylating agents (cf. 


Barger, loc. cit.). 
The formule (I) and (IT) suggested for vitexin by Barger account for the formation of 
(con)? Sox | 
H-OH ame \ 
H 


oO 
HOt’ yj 
\ 
OH CH-OH 
(I) Reduced flavanone. - (II) Reduced chalkone. 


p-hydroxyacetophenone and of triacetyl- and tetranitro-apigenin. Both formule have six 
hydroxyls, although acetyl determinations by Barger and by Perkin indicated only five 
acetyl groups. Steric hindrance at the tertiary hydroxyl group of the reduced flavanone 
derivative may be responsible for this; however, no flavanone derivative of this type is 
known. 


EXPERIMENTAL. 


Preparation of Vitexin.—The dark sticky residue (200 g.) obtained from an alcoholic extract 
of the wood of Vitex littoralis was digested thrice with small amounts of water, leaving 22-5 g. 
undissolved. After addition of more water and decantation from the tarry precipitate thus 
produced, the aqueous solution was evaporated to dryness in a vacuum, leaving a golden- 
yellow amorphous residue (96 g.). This substance, a mixture of glucosides, was hydrolysed 
by Perkin’s method (loc. cit., p. 1020), 96 g. being heated for 2 hours with stirring with 
900 c.c. of 2% hydrochloric acid. On the following day the acid liquid was decanted, and the 
tarry residue washed several times with boiling alcohol. The microcrystalline mass thus 
obtained, m. p. 246°, was recrystallised from 40% pyridine, vitexin separating in pale yellow 
plates with a greenish tint; after being washed with hot glacial acetic acid and then with hot 
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methyl alcohol, these had m. p. 263°, not raised by two further crystallisations (Found : loss 
at 100° in a high vacuum, 1-3; C, 58-5; H, 4-8. Calc. for C,,H,,0O,: C, 58-5; H, 46%). 

Acetylvitexin.—Vitexin (0-17 g.) was heated for 6 hours with acetic anhydride (1-7 g.) and, 
after cooling, absolute alcohol was added. Acetylvitexin crystallised overnight in large, white, 
stout prisms. A sample recrystallised twice from hot glacial acetic acid to which alcohol was 
added, twice from glacial acetic acid, and finally from dioxan to which a few drops of light 
petroleum (b. p. 60—80°) were added, had m. p. 251—256° [Found: C, 57-9, 57-7; H, 4-8, 
4-9. Calc. for C,,H,O,(CO-CH;),: C, 58-1; H, 465%]. 

Oxidation with Hydrogen Peroxide.—-To a solution of vitexin (1 g.) in approx. 2N-sodium 
hydroxide (4 c.c.), 30% hydrogen peroxide (6 c.c.) and water (3 c.c.) were added, followed next 
day by platinum oxide to decompose the excess of peroxide. Acidification of the solution gave 
a crystalline precipitate, m. p. 246°, not depressed by vitexin. An ethereal extract of the 
mother-liquor was shaken with sodium hydrogen carbonate solution, which removed p-hydroxy- 
benzoic acid, m. p. 210°, and then with sodium carbonate solution. The latter solution was 
acidified and extracted with ether. Evaporation of the dried extract left a brownish residue, 
which was extracted with boiling benzene. On cooling, a crystalline compound was obtained 
(40 mg. from 5 g. of vitexin). The yield depended greatly on the concentration of the alkali; 
if 5 c.c. of 2n-sodium hydroxide were taken in place of 4 c.c., none of this oxidation product 
was obtained. The m. p. was 168° and was raised by sublimation to 173°, not depressed by 
quinol. 20 Mg. were heated with 1 c.c. of acetic anhydride and a trace of pyridine; after 
precipitation with water and crystallisation from alcohol the acetylated product had m. p. 
123°, not depressed by acetylquinol. 

Oxidation with Fehling’s Solution.—Vitexin (0-5 g.) was refluxed with Fehling’s solution 
(50 c.c.) for 45 minutes. After cooling, the solution was filtered through asbestos and acidified 
with hydrochloric acid. The crystalline product, recrystallised from water, proved to be 
potassium hydrogen tartrate derived from the reagent. The mother-liquor was extracted with 
ether, the extract shaken with aqueous sodium hydrogen carbonate, and this solution acidified 
and extracted with ether. A red amorphous compound was obtained, which did not sublime, 
was very soluble in alcohol, and resisted attempts to crystallise it. A small portion of the 
ethereal extract left after the shaking with sodium hydrogen carbonate was extracted with 
sodium hydroxide solution; nothing was left in the ether, from which it appeared that all the 
compound present must have been phenolic. This being the case, the main portion was dried 
over sodium sulphate, and the ether evaporated. On extraction of the residue with benzene 
a separation into two parts was effected. One substance, m. p. 209°, was but slightly soluble 
in benzene, gave a blue-violet coloration with ferric chloride, reddened pine-wood dipped in 
concentrated hydrochloric acid, and did not depress the m. p. of phloroglucinol. Concentration 
of the benzene solution gave the second substance, m. p. 106°, obviously identical with p- 
hydroxyacetophenone (previously isolated from vitexin by hydrolysis with 50% potassium 
hydroxide solution). 

Oxidation with Potassium Ferricyanide.—Vitexin (0-5 g.) was dissolved in 33% sodium 
hydroxide solution (7-5 g.), and 25% aqueous potassium ferricyanide added in small portions. 
An amount of potassium ferricyanide (15 g.) corresponding approximately to 15 atoms of oxygen 
was used before excess of the reagent was detected by the Prussian-blue test. The solution 
was acidified and extracted with ether, the extract dried (sodium sulphate) and evaporated, 
and the crystalline residue sublimed. It had m. p. 209°, alone or mixed with p-hydroxybenzoic 
acid. 
Nitration of Vitexin.—Vitexin (1-33 g.), heated with 33 c.c. of 15% nitric acid (cf. Perkin, 
J., 1898, 78, 1024), slowly gave a clear solution, but after 4 hour a pale yellow, crystalline 
powder separated in small quantity; this was removed and washed with a little water. (On 
cooling the reaction mixture or on adding a little water to it, dinitro-p-hydroxybenzoic acid 
also may separate. It can be removed by washing the mixture of the nitro-compounds with 
boiling alcohol, in which the tetranitro-compound derived from vitexin is insoluble.) The dry 
tetranitro-compound crystallised from dioxan in yellow prisms, m. p. 257°, unchanged by 
recrystallisation [Found : C, 40-3, 40-5; H, 1-55, 1-6; N, 12-9, 12-7. Calc. for C,,;H,O,(NO,), : 
C, 40-0; H, 1-3; N, 12-4%] or in admixture with tetranitroapigenin prepared by Perkin’s 
method (J., 1900, 77, 416). 

Sublimation with Zinc Dust.—-Portions of a mixture of vitexin (1 g.) and zinc dust (10 g.) 
were covered with a little asbestos in several small test-tubes and heated in a high vacuum. 
Above 310° a yellow sublimate appeared; the main part sublimed rather slowly at 350—360°. 
The tubes were opened, and the yellow substance collected and twice resublimed at 260—270° ; 
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a great part of it charred, the final yield being about 5 mg. The substance was readily 
soluble in sodium carbonate solution (Found: C, 62-5; H, 3-8. C,;H,,;O, requires C, 62-5; 
H, 4:2%). 

pen 20 mg. of the sublimate were heated for 3 hours with 1 c.c. of acetic anhydride. After 
cooling, water was added, and the precipitate washed, dried, and crystallised from alcohol 
(yield, 11 mg.). It had m. p. 180° [Found: C, 63-9, 63-8; H, 3-9, 4:1. Calc. for 
C,,;H,O,(CO-CH;);: C, 63-6; H, 40%] and did not depress the m. p. of triacetylapigenin 
(m. p. 181—182°). 


The author is indebted to the late Prof. George Barger, F.R.S., for his kindly interest and 
help inthis work. 


MEDICAL CHEMISTRY DEPARTMENT, EDINBURGH UNIVERSITY. [Recetved, August 26th, 1939.] 
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342. Lead Sub-oxide. 
By L. LeE1cGHToN BircuMSHAW and IvAN HArRRIs. 


1, Accurate analyses of the gases evolved when lead oxalate is decomposed in a 
vacuum at low temperatures (about 300°), and X-ray analyses and approximate 
determinations of the electrical conductivity of the residue, suggest that the grey- 
black powder obtained by some investigators and reported to be lead sub-oxide is 
really an intimate mixture of lead and lead monoxide (red tetragonal form). 

2. Analyses of the gases evolved on heating lead oxalate as above indicate that 
the reaction is represented by 3Pb(O-OC), —-> 2PbO + Pb + 4CO, + 2CO. 


MucH conflicting evidence has been obtained with regard to the existence of lead sub- 
oxide, Pb,O. Boussingault (Aun. Chim. Phys., 1833, 54, 264) and Pelouze (sbid., 1841, 
79, 108) reported having obtained it by carefully heating lead oxalate in a retort from 
which air was excluded, at a temperature not exceeding 300°. They considered that the 
resulting fine black powder contained no lead, since mercury extracted none, either dry 
of under water. Winkleblech (Annalen, 1837, 21, 21; J. pr. Chem., 1837, 10, 221) 
regarded this powder as a mixture of lead and lead oxide, but Tanatar (Z. anorg. Chem., 
1901, 27, 305) supported Boussingault’s claim; he considered that at higher temperatures 
the lead sub-oxide decomposes into lead and the monoxide, giving a greyish-green powder, 
and showed that this powder and the sub-oxide had different heats of solution. On the 
other hand, Aufenast and Terrey (J., 1926, 1546) found the heat of solution to be very 
near the value for litharge. 

Brislee (J., 1908, 98, 154) showed that there was a break in the time-reduction curve, 
obtained when lead monoxide is reduced with carbon monoxide, corresponding to the 
formation of lead sub-oxide. Denham (J., 1917, 111, 29) prepared lead sub-oxide by a 
modification of Tanatar’s method, heating lead oxalate in a vacuum below 375°, and 
confirmed Tanatar’s description of its properties. From the X-ray spectrum of the supposed 
lead sub-oxide, van Arkel (Rec. Trav. chim., 1925, 44, 652) deduced that it is a mixture of 
lead and lead monoxide; Darbyshire (J., 1932, 211) supported this view, but Ferrari 
(Gazzetta, 1926, 56, 630) disputed it. ; 

The reaction involved is usually given as 2Pb(OOC),—> Pb,O + CO + 3COg,, but 
an investigation on the kinetics of the thermal decomposition of lead oxalate made it 
necessary to examine this decomposition accurately. 


EXPERIMENTAL. 


Prepavation and Analysis of Lead Oxalaite—To 2000 c.c. of n/5-lead nitrate solution were 
added 1600 c.c. of N/5-sodium oxalate solution with constant stirring; both solutions were 
nearly boiling and had been prepared from “ AnalaR’”’ reagents in boiled distilled water. 
After standing overnight, the precipitated lead oxalate was washed by decantation, and 
collected on a Buchner funnel; it was well washed again with 1 1. of boiled distilled water, 
and dried in a vacuum desiccator. 
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A second sample was similarly prepared except that the volumes of the reagents “were 
interchanged. Both samples were analysed, the lead being estimated as sulphate, and the 
oxalate by means of standard potassium permanganate solution [Found : (i) Pb, 69-44; C,O,”, 
29-68; (ii) Pb, 69-45; C,O,’", 29-68. Calc.: Pb, 70-1; C,O,”, 29-82%]. 

Three different experimental methods were used: (1) Analysis of the gases evolved when 
lead oxalate is decomposed by heat; (2) X-ray examination of the residue; (3) electrical 
conductivity of the residue. 

(1) Analysis of Evolved Gases.—The accuracy of the above equation has been tested by 
making precise analyses of the gases evolved. The apparatus consisted of a Pyrex reaction 
tube connected to a McLeod gauge and a Toepler pump. An electric furnace was used to heat 
the tube, the temperature being measured by means of a thermocouple and potentiometer. 
The gas evolved was collected over mercury in a gas burette and analysed, the carbon dioxide 
being absorbed in potassium hydroxide and the carbon monoxide in ammoniacal cuprous 
chloride solution. The results were as follows, the pressure in the reaction vessel being kept 
at 0-01 mm. in each case: 






Time of heating. Temp. CO,, %. 
34 hrs. with continuous puMping  ........+.0+seeeeeeeeeeeees 310° 67-4 
3 hrs. with continuous PUMPING ..........cecceceeceeceeceeees 319 67-6 
Zh BTS., BO PUMPING 200.000 000900000 covers ccvcec ccc cco ccc ccseseccs 450 73-4 
24 hrs. with continuous pumping ............,eeeeeneeeeeees 470 71-9 


For the above experiments lead oxalate prepared by the first method was used, but oxalate 
prepared from excess sodium oxalate solution also gave a carbon dioxide content of approxi- 
mately 66-6%. 

Maumené (Bull. Soc. chim., 1870, 18, 194) considered that the initial reaction is represented 
by the equation 3Pb(OOC),——» 2PbO + Pb + 4CO, + 2CO, since he obtained a ratio 
CO,:CO = 2:1. This ratio is considerably modified on further heating, the lead monoxide 
being reduced by carbon monoxide. If decomposition is performed at a higher temperature, 
and the gas allowed to remain in the apparatus instead of being pumped off rapidly, we should 
expect reduction to take place and the carbon dioxide content to be higher than 66-6%. If, 
however, the gas is pumped off very quickly, this reduction will be negligible, and the resulting 
gas should contain 66-6% of carbon dioxide. 

The above results show that the equation 2Pb(OOC),—-—> 3CO, + CO + Pb,O, which 
requires 75% of carbon dioxide, cannot be correct. On the other hand, they support Maumené’s 
views as to the course of the decomposition, the further reaction at higher temperatures, and 
the reaction if the gases evolved are allowed to remain in the apparatus. 

(2) X-Ray Analysis of Residues—The X-ray spectra of residues obtained at various tem- 
peratures have been photographed by Mr. G. D. Preston, M.A., of the National Physical 
Laboratory, through the courtesy of Professor C. H. Desch, F.R.S. The residues thus 
examined were obtained by heating lead oxalate in a vacuum (i) for 3} hrs. at 310°; (ii) for 
3 hrs. at 320°; (iii) for 2 hrs. at 375°; further, (iv) residue (i) was heated at 500° in a vacuum. 

Each of the above residues appeared to be a mixture of lead monoxide (red tetragonal) 
and metallic lead. The spectra of (i) and (iv) are almost identical. With residues (ii) and (iii) 
the same spectra are obtained, but (ii) is much finer grained than (iii); both spectra closely 
resemble those of (i) and (iv). 

Conclusions. The residue obtained in (i) and (ii) is the velvet-black powder described by 
various workers as lead sub-oxide. The above results suggest that this is really a mixture of 
lead and lead monoxide. The same spectra are obtained at higher temperatures, ¢.g., (iii) 
and (iv); here the greyish-green powder described by Tanatar is obtained, which shows that 
the velvet-black and the greyish-green powder are both mixtures of lead and lead monoxide, 
and the evidence from (ii) and (iii) suggests that the effect of stronger heating is to coarsen 
the grain of the residue. 

(3) The Electrical Conductivity of the Residue.-—The composition of the residue must, accord- 
ing to the equation we have established, be either Pb,O + PbO or 2PbO + Pb. The electrical 
conductivity of the latter mixture would be expected to be greater than that of the former 
owing to the presence of free lead; the conductivity of lead monoxide is known to be 
almost zero. 

The conductivity of pellets of the residue was measured by using the apparatus shown in 
the figure. The pellet is held between the two thick brass discs by the pressure of the screw. 
To ensure good contact between the pellet and the metal, the brass discs are covered with 
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graphite. A potential up to 20 volts was applied, the current being measured with an 
ammeter. A variable resistance was included in the circuit. 
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Results. In the following table the thickness of the pellet is denoted by /, and the con- 
ductivity by &. The diameter of the pellets was 9 mm. 


Potential, volts. Resistance, ohms, Current, amps. 1, mm, k X 104, mho/em. 
20 22 . 9 2-8 

4 0 2 3-1 

4 0 1 2-9 
The above residues were obtained from lead oxalate prepared from excess of lead nitrate; 
similar values for k were obtained for the residue from oxalate prepared by the other method, 
No great accuracy is claimed for the value of k, but the marked conductivity indicates that 
the residue contains metallic lead. The value given for the conductivity of lead monoxide is 
3-86 x 10% mho/cm., j.e., about 10,000 times less than that of the residue. These results, 
like those of the X-ray examination, therefore show that the residue is Pb + 2PbO rather 


than PbO + Pb,O. 


The authors thank the Royal Society and Imperial Chemical Industries for grants, and the 
Senate of the University College of the South-West for a grant from the Willey Fund for one 
of them (I. H.). 


THE WASHINGTON SINGER LABORATORIES, 
UNIVERSITY COLLEGE, EXETER. [Received, August 28th, 1939.] 
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OBITUARY NOTICES. 


HERBERT JOHN GEORGE. 
1893—1939. 


On April 19th, at the age of only 46 years, Herbert John George—a Fellow, Tutor, and the 
Senior Bursar of Jesus College, Oxford, a University Lecturer in Chemistry, and a Councillor 
of the City of Oxford—passed away with little previous warning. His death in the prime 
of life is a serious loss to the University and the City, and a severe blow to his College. 
Especially is it the cause of much grief to all of those who have been closely associated with 
him in his work. 

As a boy he was a pupil at the Cardiff High School, and before coming into residence 
at Jesus College as a Scholar of Science in 1911 was for a session an undergraduate at the 
University College of Cardiff. At Jesus College he read for the Honour School of Natural 
Science, and was awarded a First Class in the Final Examination in 1914. Only two or 
three months after this success, at the outbreak of the Great War, he enlisted in the Royal 
Welch Fusiliers, and was in that regiment promoted to the rank of lieutenant. He served 
in Gallipoli, where he and his friend and College contemporarory, Captain Hoffert, were 
wounded and Moseley was killed. After the disastrous campaign on the Peninsula he 
accompanied his regiment to Mesopotamia, where his general health suffered from the 
effects of the unhealthy conditions. In consequence he was for a time put in charge of 
a camp of German prisoners in India, and was ultimately invalided home, where he worked 
with Dr. M. P. Applebey in the Explosives Department of the Ministry of Munitions. 
In the Ministry he gained first-hand knowledge of the modern processes for the manufac- 
ture of heavy chemicals. 

He returned to Jesus College in 1919 as a Research Fellow and Lecturer in Chemistry, 
and was subsequently elected to an Official Fellowship and appointed as a Tutor in his 
subject. He has filled in his College the offices of Librarian, Junior Bursar, and Senior 
Bursar, and in the conduct of all the duties connected therewith, especially in the last 
post, he has displayed great energy and sound judgement. Also he was recently chosen 
by the University as one of its representatives on the City Council and in that capacity 
served on the finance committee. Furthermore in Oxford and in Wales he was a member 
of the Committees which control the examination of schools, and was regarded as an 
authority on the teaching of elementary science. 

As a scientific man his interests were catholic. He had a remarkably retentive memory 
and read widely and critically in the literature. This and the circumstance that he had 
excellent powers of exposition made him an ideal college tutor and an effective and popular 
University Lecturer. In the latter capacity he took charge of the subject of colloid 
chemistry. 

It stands to reason that his manifold activities and his devotion to his tutorial duties 
made it impossible for him to make numerous original contributions to his subject. He 
published work on the adsorption of gases on glass surfaces, on the theory of strong elec- 
trolytes, on organic derivatives of thiocarbonyl chloride and its polymer, and on other 
subjects. At the time of his death he was working on the constitution of thiocarbonyl 
chloride derivatives, and on the accommodation coefficients of metals. The results of the 
latter investigation are being collected and will be published in due course. 

He was a lovable character, on occasious a fiery Welshman, always a generous and 
loyal friend. D. L. CHAPMAN. 
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MOSES WILLIAM JONES. 
1869—1938. 


THE death of M. W. Jones, of Devonshire Road, Westbury Park, Bristol, took place in a 
Bristol Nursing Home on Tuesday, December 13th, 1938, Jones was born in Manchester 
on March 2lst, 1869, and, after being educated at the Manchester Grammar School and 
King William’s College, Isle of Man, he entered the laboratories of Messrs. Crace Calvert 
and Thompson, the well-known analytical chemists of Manchester, where he received his 
chemical training, after which he accepted his first industrial post with Messrs. Wm. Blyth 
of Accrington. From there he went to Messrs. Roberts, Dale & Co. of Manchester, with 
whom he remained for three years, eventually leaving to join another Manchester firm, 
that of Messrs. Reddaway & Co., with the idea of taking up a position as chemist to their 
Moscow works, but, after a stay of several months in that city, decided that the climate 
was unsuitable and returned to England. He then went as manager to Messrs. W. H. 
Holmes & Sons of Newcastle-upon-Tyne and remained with them until 1902, when he 
went to Messrs. John Hare & Co., of Bristol, and was manager of their colour works for 
25 years. 

Jones was also deeply interested in the manufacture of linoleum and gave a paper on 
“ The History and Manufacture of Floorcloth and Linoleum ”’ before the Society of Chemical 
Industry on November 21st, 1918, which was subsequently published in book form. 

He was a life member of the Chemical Society, having been elected a Fellow on 
February 19th, 1891, and was also one of the early members of the Society of Chemical 
Industry, being in addition one of the original members of the Bristol Section. It is in 
connection with the activities of that Section that he will be remembered by many. He 
was Chairman during the period 1923—25, and acted as Hon. Treasurer from 1920 until 
his death, with the exception of a short period when he resided in Glasgow. ; 

Jones was a good rifle shot, and a keen photographer and philatelist. He is survived 
by his widow, one daughter—Dr. Mary Campbell, of Birmingham—and a son, Mr. Frank 
Jones. 

The various Societies were represented at the funeral by Dr. A. C. Monkhouse and 
Mr. Arthur Marsden. ARTHUR MARSDEN. 





JOHN PATERSON. 
1862—1939. 


JoHN PATERSON, who was born at Carnwath in 1862, was educated at Innerleithen School 
and later at Peebles Academy. In his early days at Innerleithen he came into contact 
with Sir Charles Tennant, who, learning that Paterson wished to enter the chemical 
industry, invited him to join the staff of Charles Tennant & Co. at the St. Rollox Works 
in Glasgow. In 1899, on this firm’s amalgamation with the United Alkali Co., Ltd., 
Paterson set up in business for himself. Starting in a small factory in Hydepark Street, 
Glasgow, he entered upon what proved to be a successful business career, for the firm, 
John Paterson & Co., Ltd., of which he was the founder, greatly extended its activities 
and at the present time has branches in many parts of the world. 

In addition to his business activities, Paterson took a keen interest in Greek mythology, 
visiting Greece and Crete and many other parts of the world. He was also interested in 
social service and was Chairman of the Pensions Committee of the Glasgow Society of 
Social Services and for many years was connected with the Kilmun Seaside Home and other 
charitable organisations. A keen Churchman, Paterson was an Elder of Newlands Church. 

His death, which took place at his home in Cathcart, Glasgow, on June 18th, 1939, is 
mourned by his widow and five sons and by many friends. 

Paterson was elected a Fellow of the Chemical Society on December 5th, 1918. 
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The Haber Memorial Lecture. 
DELIVERED BEFORE THE CHEMICAL SOCIETY ON APRIL 29TH, 1937. 
By J. E. CoaTEs. 


Fritz HABER was born on December 9th, 1868, in Breslau, the eldest son of Siegfried Haber, 
a prosperous chemical and dye merchant and an alderman of the town in which his family 
had been prominent in business and public affairs for upwards of a century. He received 
the normal classical education of the Gymnasium. During his later school years, however, 
influenced perhaps by his father’s business, he developed without any help a lively interest 
in chemistry, which he eagerly practised at home. From his early boyhood he was always 
the leader and originator in the circle of his family and friends and at the same time a great 
favourite through his kindness of heart and the pleasure he took in helping others. With 
the development of his forceful enterprising nature he soon became the dominant figure in 
his home. 

He studied first in the University of Berlin, then at Heidelberg, where under the aged 
Bunsen he learnt the craft of analysis but little chemistry. At last he settled down at the 
Technische Hochschule, Charlottenburg. Here he discovered the fascinating new world of 
organic chemistry and carried out under Liebermann his first research—on derivatives of 
piperonal and of indigo. 

It was the wish of Siegfried Haber that his son should in due course carry on the family 
business, and accordingly on graduation he entered chemical industry in order to gain 
technical experience. The short periods he spent in three different factories brought him 
no-satisfaction and after a few months he abandoned this plan and devoted a semester to the 
study of chemical technology under Lunge at Ziirich. He then entered his father’s business, 
but in six months both father and son had to recognise the complete failure of the experi- 
ment. The sharp difference in their temperaments made collaboration impossible. To 
the sedate and prudent merchant his son’s lively adventurous spirit was intolerable and 
seemed a danger to the business. It was well that the break came so soon. Under the 
urge towards greater freedom, and influenced probably by the success of his friend Abegg 
and by the dullness of his early experiences of industry, Haber had felt a growing attraction 
towards academic life, and when he became free to choose his own career his first step was 
to resume organic chemical research under Knorr in the University of Jena, where he 
carried out an investigation on the constitution of diacetosuccinic ester. He had however 
not yet found himself. Interested as he undoubtedly was in organic chemistry, the routine 
operations and the working out of the constitution of compounds by more or less established 
methods left him unsatisfied and rather impatient. He used to delight in telling in his 
inimitable way a long story of how chance took him to Karlsruhe and launched him on his 
career. In Jena he had a friend whose suffering during a long and painful illness he helped 
to mitigate by every means in his power until death came. At the funeral his friend’s 
brother, learning of his desire to leave Jena, suggested the Technische Hochschule in 
Karlsruhe, where, he said, he had influential relations who would, as a mark of gratitude, 
recommend Haber most warmly. Taking up the suggestion he found on visiting Karlsruhe 
that the relation was the porter of the chemistry department. However this just sufficed 
to gain for him an interview with the Professor, who received him coldly but in the end 
offered him a junior appointment. How much of-this was true and how much invention 
no one ever knew. However that may be, Haber at the age of twenty-five became assistant 
to Professor Bunte in the department of Chemical and Fuel Technology. With duties to 
perform and ample opportunities for research, he had gained the start he desired, and 
moreover he counted himself fortunate to be associated with an institution that stood in 
such close relation with Industry. At once he threw himself into his teaching and research 
with tremendous zest, and was very happy in his work. At Bunte’s suggestion he attacked 
the problem of the thermal decomposition of hydrocarbons. The subject had been in- 
vestigated by others, but most extensively by Berthelot in 1863—69. On the basis of 
experiments with C, and C, hydrocarbons only, Berthelot had put forward a general theory 
of hydrocarbon pyrolysis. Haber sharply criticised Berthelot’s conclusions as arbitrary, 
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confused, and insufficiently supported by experiment. His criticism proved to be justified. 
The C, and C, hydrocarbons being exceptional in that they cannot decompose into other 
hydrocarbons, except by splitting off hydrogen, Haber adopted n-hexane, C,H,,, for 
exhaustive study as a typical higher paraffin. This choice was determined not only by 
experimental considerations but also because of its relation to benzene (current theories of 
flame luminosity) and its importance in oil-gas manufacture. To Haber, the orthodox 
organic chemist, this type of work was quite new. In order, as far as possible, to fix the 
primary decomposition products, the hexane was heated for a few seconds at 600—800°, 
and the products rapidly cooled, a flow method being employed. Unlike previous in- 
vestigators he determined ali the products quantitatively. This necessitated a critical 
examination of analytical methods, and many improvements were devised. The most 
general result of this investigation may be expressed in the statement, which became known 
as Haber’s rule, that, as regards thermal stability, the C-C link is stronger than the C-H link 
in aromatic compounds and weaker in aliphatic compounds. The great advance in our 
knowledge of pyrogenic change since this time has shown that Haber’s rule is subject to 
exceptions. He regarded it however only as a broad generalisation, and as such it remains 
valid. Whereas benzene split off hydrogen forming diphenyl, paraffins like hexane divided 
at an end C-C link giving a small paraffin and a large unstable ethylenic molecule which 
broke down into smaller unsaturated molecules, thus: CgH,,—> CH, -+ C;H,,—» CH, + 
C,H, + C;H,. With higher paraffins progressive polymerisation of unsaturated molecules 
and pyrolysis in this manner gave ultimately tar and coke. Although at 600—800° no carbon 
and no hydrogen were formed, yet at 1000°, where the gaseous product was almost entirely 
methane and ethylene, the C-H link weakened and hydrogen appeared. There was no 
evidence that acetylene played an important part in these changes, as had been claimed by 
Berthelot and by V.B. Lewes. Hexane gave very little benzene, and it did so, not, as had 
been previously supposed by splitting off hydrogen and closing the straight chain, but by a 
secondary reaction, probably the polymerisation of acetylene. Haber’s first independent 
investigation stands out as a classic in the then little-known field of pyrolysis. In it we 
see already those qualities which distinguished all his work: thoroughness, intolerance of 
vagueness and superficiality, and penetration to the roots of the problem. Furthermore, 
this period, which included many studies on technical gas combustion, brought him into 
close touch with the fuel industry, a new experience which not only had a most stimulating 
effect upon him but also influenced the subsequent development of his interests. 

Haber became privat-dozent in 1896 at the age of 27. Perhaps the most important 
effect of his first two years’ teaching and research was to bring him to the study of physical 
chemistry, which had formed no part of his previous training. He taught himself. Amongst 
his colleagues there was only one physical chemist, Hans Luggin, a pupil of Arrhenius, anda 
very able man. He and Haber became the closest friends, until Luggin’s early death in 1899. 
Their friendship had a very strong influence upon Haber’s development, for it gave him 
what he most needed, the constant exercise and stimulus of discussion. It is significant 
that their main interests were in thermodynamics and electrochemistry. On Luggin’s 
death Haber wrote 2 paper on the teaching of thermodynamics in memory of the friend to 
whom he owed so much. 

_On attaining the status of privat-dozent, Haber embarked upon his career as an electro- 
chemist, and his first study, on the reduction of nitrobenzene, brought him wide recognition. 
The organic chemist was still strong in him and it was natural that he should first apply his 
physico-chemical knowledge in a familiar field. In recent studies on the electrochemical 
reduction of nitro-compounds by Elbs, Gattermann, and others, a great number of products 
corresponding to different reduction stages had been obtained, the nature and relative 
proportions of which were, it appeared, determined by such factors as the acidity or 
alkalinity of the electrolyte, the density and duration of the current, and the nature of the 
electrode metal (e.g., zinc was more effective than platinum). Reduction was supposed to 
be effected by nascent hydrogen, but this conception alone could not explain the great 
variation in activity of the hydrogen. No general underlying principles had been dis- 
covered until 1898 when Haber threw a clear light on this confused field by establishing the 
fundamental importance of the electrode potential. 

In conformity with Nernst’s theory that the potential of a gas electrode is determined by 
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the effective concentration of the gas on, or in, the electrode, Haber recognised in the 
electrode potential a relative measure of the cathodic or anodic activity of the gas, and in 
his first paper (1898) on the electrochemical reduction of nitrobenzene in stages by con- 
trolled cathode potential he established for the first time the principle that this potential 
determines the reducing power, a higher potential being equivalent to the use of a more 
active reducing agent. Earlier investigators had commonly employed a more or less con- 
stant current density and hence a gradually increasing cathode potential, which, said Haber, 
is equivalent to using a series of chemical reducing agents of gradually increasing activity, 
resulting in the production of an overlapping series of primary reduction products. Haber’s 
plan was, by varying the current during electrolysis, to hold the polarised cathode at a 
constant potential below the break point of the current density—potential curve, where all 
the discharged hydrogen is used in reducing the depolariser. In order to begin with low 
cathode potentials and progressively separate the primary reduction products, he used 
platinum (sometimes nickel) electrodes with low hydrogen overvoltage. Electrodes with 
high hydrogen overvoltage like zinc gave at one step far-reaching reduction (in agreement 
with Haber’s views regarding the potential factor). Employing standard methods of 
measuring and controlling the cathode potential by means of an auxiliary electrode, he 
introduced at Luggin’s suggestion, the useful device of connecting the auxiliary electrode 
to the cathode through a very thin-walled capillary glass tube in contact with the latter, 
thus eliminating the potential drop through the main electrolyte. 

With alkaline alcoholic solutions of nitrobenzene and a platinum cathode at low potential, 
the main product was azoxybenzene, R-NO{N-R. This however was not, as had previously 
been supposed, the first reduction stage. In the light of Bamberger’s studies on the 
reduction series nitrobenzene, nitrosobenzene, $-phenylhydroxylamine, Haber was able 
to prove that the electrochemical as well as chemical reduction followed the direct path 
R-NO, —> R:NO —~> R:NH:OH —> R:NH,, and that all other products were due to 
chemical side reactions. Thus the appearance of azoxybenzene as the first product of reduc- 
tion was due to Bamberger’s reaction (very rapid in alkaline but slow in acid solutions) : 

R‘NO + R‘NH-‘OH = R:‘NOINR+H,O .... . (2) 
which removes $-phenylhydroxylamine from the direct reduction path. Haber proved 
the presence of the very reactive stages nitrosobenzene and $-phenylhydroxylamine both 
electrochemically and chemically. Nitrosobenzene was a far more powerful depolariser 
than nitrobenzene and therefore could only be present in minute concentration. Both 
nitrosobenzene and $-phenylhydroxylamine could however be detected by fixation as an 
azo-dye. Hesucceeded further in preparing 8-phenylhydroxylamine in quantity by electro- 
chemical reduction of nitrobenzene in a buffered, weakly alkaline solution at a potential 
high enough to give practically instantaneous reduction of nitrosobenzene to $-phenyl- 
hydroxylamine (and so to avoid formation of azoxybenzene), but not so high as to carry 
the reduction further. Azobenzene, R*N:N-R, one of the products of electrochemical 
reduction of nitrobenzene, had yet to be accounted for. Energetic reduction of azoxy- 
benzene yielded only hydrazobenzene. Haber traced the formation of azobenzene to the 
following reaction which proceeds rapidly in alkaline alcoholic solution : 


2R-NO, + 3R-NH-NH’R = R-NO‘NR + 3R°N:N-R+3H,O . . (2) 
We now have Haber’s scheme for the electrolytic reduction of nitrobenzene in alkaline 


: alcoholic solution : 
Alkaline reduction. 
*  RNO, Electrochemical —> 


Chemical -----> 
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With cathodes of low hydrogen overvoltage the main product was azoxybenzene. More 
energetic reduction (favoured by the use of high overvoltage cathodes) gave hydrazobenzene 
and eventually aniline. 

How is the scheme modified in acid solution? Reaction (1) becomes very slow, but in 
strong acid solution 6-phenylhydroxylamine is rapidly transformed into p-aminophenol, 
and hydrazobenzene into benzidine NH,°CgH,’CgH,-NH,. The chief products were found 
to be p-aminophenol, benzidine, and aniline, in proportions depending mainly on the acid 
concentration. Thus in acid alcoholic solution the scheme became : 


Acid reduction. 
R-NO, Electrochemical —> 
Chemical -----> 


R-NO 
OH-C,H,-NH, <----- R-NH-OH 


R-NH, <— R-NH-NH'R ----> NH,*C,H,'C,H,NH, 


Haber’s striking success, which gave a strong impetus to research in the field of electro- 
reduction and oxidation, earned for him promotion to the status of Professor Extraordi- 
narius in 1898, only four years after entering Karlsruhe. In the same year he published his 
first book, ‘‘ Grundriss der technischen Elektrochemie auf theoretischer Grundlage,’’ which 
still further enhanced his reputation. Already he had established a recognised school of 
electrochemistry. This was a period of immense activity and effort. He worked to the 
very limit of his endurance and his health suffered severely. All his life he had, to a 
remarkable degree, the power of intense concentration on the matter in hand to the exclusion 
of everything else. Haber did not achieve things easily by steady even work, but rather 
by strenuous effort and he always overworked himself. Practically the only relaxation in 
those earliest years he found in a small circle of congenial spirits—teachers, writers, artists, 
where he enjoyed the lively discussions but got little mental rest. Over their club table 
hung a horn with the legend “‘ Hier darf man etwas liigen,’’ and no doubt it was here that he 
learnt to tell the long and highly entertaining stories which were always such a delight to 
his friends when they were fortunate enough to find him in the right mood. 

A word must be said about Haber’s book on electrochemistry. Technical and theoretical 
electrochemistry had made rapid strides, but to a large extent independently of each other. 
His purpose was to promote progress by discussing technical aims and methods 1m the light 
of the modern theoretical knowledge. This highly original and suggestive book, the first of its 
kind, was remarkable in that it brought out the essential problems and pointed the way for 
fundamental research. It provides a good illustration of his life-long urge towards the 
application as well as the advancement of science. His reputation at this time may be 
judged from the fact that the Deutsche Bunsen Gesellschaft sent him as their delegate to 
the annual meeting of the American Electrochemical Society in 1902, with the commission 
to study and report on chemical education and electrochemical industry in the United 
States. He impressed the Americans by his vigorous personality and by the energy and 
persistence he showed in pursuing his enquiries. His long and comprehensive report 
published in the Zeitschrift fiir Elektrochemie (1903) was acclaimed both in Europe and 
America as an extremely able and valuable paper, valuable not merely as an account of a 
vigorous young industry but because of its wealth of criticism and suggestion. It is an 
outstanding document of permanent value in the history of electrochemical industry. 

Haber’s work on nitrobenzene was followed by a study of the electrolysis of hydro- 
chloric acid with special reference to the processes at a platinum anode. He determined the 
conditions of current, potential, and concentration governing the relative share of oxygen 
and chlorine in the anodic discharge and explained the behaviour observed in terms of 
concentration-polarisation and migration rates. He further discussed the complex 
question of anodic formation of the oxy-acids of chlorine and of hydrogen peroxide, and 
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analysed the conditions for anodic attack of platinum. This work was followed, a few years 
later, by the exhaustive studies of chloride electrolysis by Foerster and Miiller. In the 
electrolysis of hydrochloric acid Haber noticed that, at high current density, cathodes of 
platinum and lead were apt to become coated with the finely divided metal. He discussed 
this with his friend Bredig, then at Leipzig, who had just discovered the dispersion of metals 
in liquids by the electric arc. Together they investigated the cathodic behaviour of various 
metals at high current density and at once encountered the remarkable phenomenon of 
‘ Zerstaubung.”’ Thus with lead in aqueous sodium hydroxide, as the current density was 
gradually increased, thick black clouds of the metal suddenly appeared at the cathode. In 
acids this occurred only to a very slight extent. In explanation, they suggested the primary 
formation of an alloy of alkali metal with cathode metal, the alloy being decomposed by 
water with dispersion of the cathode metal, while in acids, alloys of hydrogen or hydrides 
produced a similar effect. Cathode surface disintegration occurred at lower current density 
and was a preliminary stage to cloud formation. Haber fully confirmed these views. 
The phenomenon occurred only with metals of high hydrogen overvoltage and tendency to 
alloy with alkali metals : lead, mercury, tin, bismuth, thallium, silver, antimony. Chemic- 
ally prepared alloys of sufficient sodium content gave identical cloud-formation with water, 
and a correlation of cathodic polarisation studies on lead, tin, and mercury with the 
potentials of their sodium alloys of varying sodium content supported the theory. Later, 
Lorenz found the phenomenon to occur with great readiness in the case of fused electrolytes. 
While engaged in this work Haber made notable contributions to the theory of alloy 
potential. 

Other studies at this period included : electrochemical aspects of autoxidation (referred 
to later) and an illuminating discussion of the very low concentrations that are encountered 
in connection with electrode equilibria and the theory of complex ions (e.m.f. measurements 
indicating for example that aqueous potassium silver cyanide contains 8 silver ions per 
litre), wherein he showed that such low concentrations should be regarded merely as calcula- 
tion devices and cannot directly determine electrode potentials. It is noteworthy that, 
although potential mediators were first applied by Abegg in 1907, yet the underlying 
principle is contained in a footnote to a paper in 1901 on the theory of electrode potentials. 

Haber’s early work on electrochemical reduction was soon followed by an attack on the 
more physical aspects of the process. In a series of brilliant researches that have become 
classics, he propounded the first general theory both of irreversible reduction, such as that 
of nitrobenzene, and of reversible reduction, as exemplified by the quinone—quinol system. 
His method consisted in a close study of polarisation (current density—potential) curves in 
the light of the principle, which he regarded as fundamental and amply supported by 
experiment, that direct ionic discharge at an electrode is a very rapid process, but if the 
electrode process includes some relatively slow chemical change, then “‘ chemical ’’ polaris- 
ation must occur to an extent depending on the rate of the chemical process. Considering 
first irreversible reduction, in the stationary state the effective concentration (or solution 
pressure) of hydrogen on the cathode, and hence the cathode potential, is determined by the 
balance between the rate of consumption (== k,[D][H]", where D represents the depolariser) 
and that of formation (= 4%, where 4 represents current) of the electrode hydrogen. The 
electrode reaction is taken to be D + »H = DH, solely. This leads at once to the equation 
for the cathode potential E : 


Coates : 
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This equation was found to account reasonably well for the relations between the three 
variables FE, i, and [D], but to bring it into quantitative agreement with experiment it was 
necessary to multiply the logarithmic term by an empirical factor x > 1 which Haber 
found difficulty in explaining and attributed tentatively to some kind of electrode reaction 
resistance. The additive constant included any specific catalytic effect of the electrode 
metal (the history of the electrode, especially as regards previous polarisation, was shown to 
be an important factor). The problem of irreversible electrode reduction has not yet been 
fully solved. Haber’s theory involves assumptions which in the light of modern knowledge 
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must be regarded as doubtful. Nevertheless its immense importance in the development on 
this subject will always be recognised. Haber completed his study of electro-chemical 
reduction by working out the first example of the reversible reduction—oxidation of an organic 
depolariser, namely, that of the systera quinone—quinol which in later years came to acquire 
a special interest and practical vaiue. He established the reversibility of the electrode 
process and developed the theory of the quinhydrone electrode. Being at that time mainly 
interested in the nature and rate of the electrode process he did not stress its application to 
the measurement of hydrogen-ion concentration. This was done by Biilmann many years 
later. Haber explained the form of the symmetrical cathodic and anodic polarisation 
curves on the basis of the association of a slow chemical change [C,H,O, + 2H = 
C,H,(OH),] with a rapid ionic change (2H* ++ 2e = 2H) at the electrode, the former deter- 
mining the rate of the electrode process. He found support for this view by studies of the 
quinhydrone electrode in combination with the iodine—hydrogen iodide electrode where the 
process is ionic and fast. 

Like many electrochemists of that period Haber was attracted to the problem of fuel 
cells, z.e., cells in which the current-producing process is the atmospheric oxidation of 
carbon or carbon monoxide at relatively low temperatures. A practical cell of this kind 
would revolutionise power production since nearly all the free energy of oxidation would be 
available. Haber’s study of the problem led him not to this goal but to the development 
of a novel method of measuring the free energy of oxidation of hydrogen, carbon monoxide, 
and carbon. He began by examining the ‘‘ Jacques cell’? C|NaOH (molten)|Fe (air), 
which had attracted much attention. In it carbon dissolved as carbonate while the cell 
gave a steady current at about one volt, corresponding roughly to the heat of combustion 
of carbon. The cell reaction was supposed to be C + O, + 20H’ = CO,” + H,O. In 
an elegant piece of work Haber proved this element to be not, as had been claimed, a carbon- 
oxidation but a hydrogen-oxidation cell. The iron in pure sodium hydroxide acted 
as a hydrogen electrode, but in practice manganese was always present, there being a 
constant ratio of manganate to manganite in equilibrium with atmospheric oxygen at ca. 
400° and under these conditions the iron (passive) acted as a reversible oxygen electrode. 
In confirmation of this view platinum was found to give the same potential as iron. The 
carbon electrode potential was not determined by the process C—> CO,” (the cell would not 
work with sodium carbonate as electrolyte) but owing to vigorous hydrogen evolution 
according to the reaction C + H,O + 2NaOH = Na,CO, + 2H, (which Haber discovered) 
it acted simply as a hydrogen electrode. The e.m.f. of this oxyhydrogen cell proved to be in 
agreement with the thermodynamical free-energy equation for the formation of water, 
which had been developed independently and simultaneously in 1905 by Nernst and by 
Haber in his ‘‘ Thermodynamics of Technical Gas Reactions.’’ Having thus discovered for 
the first time an oxygen electrode that, unlike the aqueous oxygen electrode, was reversible 
(owing to the complete dissociation of platinum oxide at high temperatures), Haber was quick 
to apply it in gas cells for the study of high-temperature oxidation reactions.* The limita- 
tions of temperature and gas concentration imposed by molten alkali were overcome by 
using as electrolyte a thin glass or porcelain diaphragm coated with platinum or gold as 
electrodes in contact with the two gases. The producer-gas cell, for example (of no 
practical value owing to great polarisability): air|Pt|hot glass|Pt|CO + CO,, with 
e.m.f. ca. 1 volt, in which the cell reaction CO + 40, =CO, is the sum of the 
electrode reactions 40, + SiO, + 2e == SiO,” and CO + SiO,” — 2e == SiO, + CO,, 
was essentially an oxygen-concentration cell with the smaller value of pp, = (Ky- c0,/Po0)*- 
With this simple and highly original device, Haber was able to measure the e.m.f. and hence 
the free energy of oxidation of carbon, carbon monoxide, and hydrogen, over a range of 
temperature not readily accessible in other ways. The data obtained agreed with Haber’s 
thermodynamic equations, but by more recent standards they were not very accurate. 

Haber now took up the question of the electrochemistry of crystalline salts and broke 
new ground in a field of which but little was then known. Hittorf had studied the electro- 
lysis of solid salts, the electrolytic conductivity of mixed oxides had found application in 

* A good account of this work is given in Haber’s ‘‘ Thermodynamics of Technical Gas Reactions,” 
transl. Lamb, Macmillan, 1908. 
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the Nernst filament, and the validity of Faraday’s law had been demonstrated in the 
electrolysis of glass by Warburg and of porcelain by Haber; but fundamental quantitative 
knowledge on crystalline salts was lacking and Haber set out to fill this gap by studying 
their electrolysis and their galvanic action. He was attracted to the subject, not only 
for its intrinsic interest, but also because of the special thermodynamic importance of 
solid reactions. The accepted idea that in the case of solid reactions the free-energy 
change was practically equal to the heat of reaction (Thomson’s rule), could be tested by 
setting up reversible solid galvanic cells; and the free-energy equation of such reactions, 
with no concentration terms, involved only thermal quantities and the indeterminate 
constant, in the problem of which he was deeply interested. Haber was the first to prove 
the validity of Faraday’s law in the electrolysis of crystalline salts. Solid barium chloride 
(m. p. 1000°) at 600° gave a quantitative yield of nickel chloride at a nickel anode, and 
when mixed with solid barium carbonate as depolariser it gave a quantitative yield of 
carbon at a platinum cathode (BaCO, + 2Ba = C + 3BaO). Studies of the back e.m.f. 
of polarisation at the solid interfaces between a metal electrode and a salt gave results of 
great interest and afforded verification of Thomson’s rule. The most important outcome 
of this work on solid electrolytes was, however, the study for the first time of phase- 
boundary potentials between solid salts or a salt and its saturated solution by means of 
an entirely new type of galvanic cell, constructed of a pile of salt tablets compressed between 
metal electrodes. Since the cell (1) 


M,|MyAy|MyAgiM, (¢.g., AglAgCl|AgSO,|Ag). . - - + (1) 


must have zero e.m.f., Ey must just balance E, — E, which measures the free energy of 
the reaction M,A, + A,’ = M,A, + A,’, so that this same reaction must proceed at 6, 
and E, must represent the difference in the free energy of M, in the two states M,A, and 
M,A,. Incorporation of the two salts M,A, and M,A, gave the cell 


M,|MyAy|MA,/MpAgIM,AIM, . . - - - - + @) 


involving the cell reaction M,A, + M,A, = M,A, + M,A,, the free energy of which is 
given by the sum of the five boundary potentials (e.m.f. of the cell). These cells had 
the novel feature that the electrode potentials may be eliminated, for cell (3) involves the 


same reaction as cell (2) 
M,[MyAy|MgA,|MsAsIM,AgIM,AIM,.. 2 2... Q) 


the free energy of the reaction now being given by the sum of the four salt-salt potentials. 
It is evident that solid cells may be coupled in series without increasing the number of 
electrodes. Various systems were studied experimentally and gave satisfactory con- 
firmation of the theory, the e.m.f. agreeing with.the reaction heat. Haber was the first 
to examine systems involving the phase-boundary potential between a solid salt and its 
saturated solutions. In cells of the type 


Ag| AgCl| AgCl (sat. soln.)|Ag diay Be ote ee 


with zero e.m.f., E, = (RT/F) In{Ag’], the solid salt acting as the metal but with a different 
solution pressure. 

Further studies in this field led to the theory of the glass electrode and its practical 
application. The biologist, Max Cremer, had discovered in 1906 an interface potential 
between glass and aqueous solutions, but Haber was the first to develop the general 
theory of the interface potential between an aqueous solution and a second phase 
permeable to water and its ions, ¢.g., glass or solutions of water in organic liquids like 
benzene, and to derive the relation characteristic of the hydrogen electrode. He 
obtained full confirmation of the theory by acid-alkali titrations, using not only glass but 
also benzene, though here the experimental difficulties were greater. Referring to the 
utility of the glass electrode Haber says (1909) ‘‘ The electromotive forces are in such 
good agreement with the theory and so easy to measure if one is familiar with the quadrant 
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electrometer, that the method may be used for acid—alkaline titration. Béttger has titrated 
with the hydrogen electrode, but you can titrate quite as well with a piece of common 
Thuringian glass. With no hydrogen to react chemically and no platinum to exert 
catalytic effects on the liquid, the glass electrode, in addition to its theoretical interest, 
is likely to prove of much practical value.’’ In connection with this study Haber stressed 
the importance of phase-boundary potentials in muscle action. Notable developments of 
the subject were made later by his pupil Beutner. 

During the greater part of the Karlsruhe period Haber was interested in the electro- 
chemistry of iron—his first electrochemical paper (1897) dealt with electrodeposited iron 
plates used for the printing of banknotes. His most important researches in this field 
were concerned with the anodic behaviour of iron in alkaline solutions and the phenomenon 
of passivity. The conditions for quantitative anodic formation of the ferrate ion and 
its relations with the ferrite ion were worked out. Under conditions of ferrate formation, 
iron was always passive, owing, as Haber maintained, to a skin of oxide. At that time 
(ca. 1905) the oxide-skin theory of passivity was out of favour, as it appeared incom- 
patible with the continuous series of potentials that a passive metal could show, and 
with the fact that the passive state did not long survive the removal of the passivating 
influence. After much research, Haber pronounced very strongly in favour of the oxide- 
skin theory, with, however, the condition that the skin may be porous, thus allowing 
variable electromotive activity of the exposed metal. Full passivation of iron was 
regarded as attained with the completion of the oxide skin, composed of a higher oxide 
not in equilibrium with iron; on removing the passivating influence, chemical reaction 
between iron and the oxide caused the latter to become porous and so activity returned. 
In certain conditions a visible layer of oxide preceded passivation. Factors tending to 
dissolve the skin, ¢.g., high concentration and high temperature of the alkali solution, 
caused activity to return. Haber’s work played a very important part in the develop- 
ment of this difficult subject, and his conclusions were in substantial agreement with 
present-day views. 

An investigation that occupied Haber’s earnest attention for several years was that 
on the corrosion of underground water and gas mains, due to stray currents from tramway 
systems which in those days were commonly operated by direct current. In spite of much 
research, the true nature of this serious and widespread trouble remained obscure until 
Haber undertook its investigation in Karlsruhe and Strassbourg. With characteristic 
thoroughness he studied all the relevant factors such as earth composition and conduc- 
tivity, the direction and magnitude of very small earth currents, and the anodic behaviour 
of iron in earth where chemical conditions precluded protection by passivation. In this 
comprehensive research, a model of its kind, he worked out the problem completely and 
provided standard methods for its investigation in any case that might arise. Corrosion 
was always found to occur where his theory predicted it. With the introduction of 
alternating current his work lost its practical significance, but it involved many electro- 
chemical studies of permanent value. This is a good example of the intense interest and 
great satisfaction which Haber always found in working for the common good. 

Haber’s book ‘‘ The Thermodynamics of Technical Gas Reactions ’’ appeared in 1905.* 
This remarkable book, which has been well described ¢ as ‘‘a model of accuracy and 
critical insight,’’ stands high in the history of thermodynamics for three reasons, its 
influence on chemical teaching, its attack on the problem which Nernst solved a year 
later, and its timely provision of the first systematic critical survey of all the thermo- 
dynamic data necessary for the calculation of free-energy changes in the most important 
gas reactions. Gaseous equilibria had been discussed mainly on the “ mass-action ”’ 
basis, and although as far back as 1888 Le Chatelier had pointed out the significance of 
specific heats in calculating equilibria over a wide temperature range, their fundamental 
importance and practical value had not been fully recognised by chemists generally. 

* “ Thermodynamik technische Gasreaktionen : Sieben Vortrage,”” von Dr. F. Haber (Oldenbourg, 
1905). The English translation by Arthur B. Lamb (Longmans, 1908) contains Haber’s account of 
the Nernst heat theorem. 

Tt Lewis and Randall, ‘‘ Thermodynamics,’’ McGraw Hill, 1923, p. 5. 
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By talking to them as a chemist and making constant reference to well-known and indus- 
trially important reactions, Haber succeeded brilliantly in bringing this aspect of the 
subject to the fore-front of physicochemical teaching and research. Writing in an easy 
informal style, he developed his subject with the utmost clarity and precision. His 
employment of entropy as a practically useful function went far to break down the shy- 
ness which chemists had felt towards this concept. Incidentally he was the first to use 
equations with fractional numbers of molecules (e.g., $0), and he it was who coined the 
expression ‘‘ equilibrium box ’’ for van ’t Hoff’s device. The greater part of Haber’s book 
was devoted to an exhaustive thermodynamic treatment of important gas reactions in 
the light of existing thermal and equilibrium data, and the setting up of the best free- 
energy equations. It was the first time such a thing had been attempted. By his masterly 
handling of this difficult task and his discussion of the experimental determination of gas 
equilibria, he performed a great service and strongly influenced the development of research 
in this field. 

In his book Haber discussed at some length the problem of the “‘ thermodynamically 
indeterminate constant ’’ of the free-energy equation, and it was he who gave it this 
name. In his first attack on this problem in 1904 he had shown that the free energy of 
reactions between solids (e.m.f. of solid galvanic cells and the back e.m.f. of polarisation 
of solid electrolytes *) was nearly equal to the heat of reaction. The measurements were 
not exact enough for the determination of the temperature coefficient. This result led 
him to conclude that, if Kopp’s law is obeyed for reactions between solids, the integration 
constant, 7.e., the entropy change at the absolute zero, must have zero value. In view, 
however, of the lack of knowledge about specific heats, he felt bound to leave open the 
possibility that the constant might perhaps have a small finite value owing to the possible 
deviation from additivity of atomic heat capacities at low temperature. Nernst postulated 
Kopp’s law near the absolute zero. In his book Haber considered the same problem im 
relation to gas reactions. Following Planck, he explained the nature of the constant as 
expressible in terms of heat capacity and entropy constants characteristic of the gaseous 
reaction components. He showed the importance of knowing the variation of these 
properties with temperature in the vicinity of the absolute zero, but in the complete 
absence of any experimental information he proceeded very cautiously. Characteristically 
he could not bring himself to accept a purely speculative basis and build on ideas that 
were entirely unsupported by experiment. He was much influenced by T. W. Richards’s 
discovery (1904) that the e.m.f. of certain galvanic cells involving reactions with zero 
heat-capacity change was in agreement with their reaction heat, and by van ’t Hoff’s 
discussion of it. While leaving the question open owing to insufficient knowledge about 
heat capacities, he concluded that in the case of gas reactions involving no change in 
the number of molecules the constant, if not equal to zero, was probably quite small. 
His examination of the experimental data for various reactions of this type supported 
this conclusion, and he felt justified in adopting it as a guide in setting up free-energy 
equations. In the case of reactions involving a change in the number of molecules a 
somewhat larger constant was indicated. When the heat theorem was published in the 
following year Haber was quick to recognise the immense importance of the bold step 
which, it is safe to say, could only have been taken by a man of the vision and genius of 
Nernst. In the history of this problem Haber must be accorded an honourable place. 

Haber’s researches on the ammonia equilibrium were begun in 1904. They had their 
origin in his collaboration as scientific adviser with the brothers Margulies of Vienna, 
who were interested in promoting new methods for the industrial fixation of nitrogen. 
To quote from the opening paragraph of Haber’s first paper in 1905: “‘ Die Herren Dr. O. 
und Dr. R. Margulies warfen die Frage auf, ob es aussichtsvoll sei, nach einem Metall zu 
suchen, dessen abwechselnde Uberfiihrung in Nitrid und Hydriir mit Stickstoff und 
Wasserstoff zur Ammoniakdarstellung verwendet werden kénne.’’ Continuous synthesis 
of ammonia might result from the simultaneous formation and reduction of nitride by 
the mixed gases, the solid phase thus acting as catalyst. Whatever the mechanism might 
be, the maximum yield must be governed by the ammonia equilibrium, and this Haber 
* See p. 1648. 
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decided to study first. Some preliminary experiments on the reduction and regeneration 
of calcium and manganese nitrides indicated little hope in the use of these metals owing 
to the high temperature required. Among the many early attempts at the thermal 
synthesis of ammonia may be mentioned that of Ramsay and Young in 1884. In the 
region of 800°, using iron as catalyst, they found that the decomposition of ammonia was 
never quite complete, but obtained no trace of ammonia on attempting to reverse the 
reaction.* It was generally accepted that nitrogen was far too inert to combine with 
hydrogen except perhaps at a very high temperature, where however the decomposition 
of ammonia was practically complete.f 

In his first orienting experiments by the flow method with iron as catalyst at 1020°, 
Haber, although fully aware of the favourable influence of high pressure, chose to employ 
atmospheric pressure because of the simpler apparatus required. By placing in the 
same furnace two reaction tubes in series, each followed by an ammonia absorber, and 
passing ammonia into the system, he reached equilibrium from both sides in the same 
experiment. Thus for the first time the ammonia equilibrium was realised, and more 
easily than Haber had expected. The concentrations found were however very low. 
They varied between 0-005% and 0-012% and it was difficult to choose the most probable 
value. At that time he favoured the upper limit for various reasons, but later work 
showed the lower limit to be in fact the true value, the high yields being traced to a special 
effect of the iron catalyst when fresh. This determination of the order of the ammonia 
equilibrium was sufficient for his original purpose, and he was now able to answer the 
question put at the outset in the following words: ‘‘ From dull red heat upwards no 
catalyst can produce more than traces of ammonia under ordinary pressure; and even 
at greatly increased pressures the position of the equilibrium must remain very unfavour- 
able. To attain practical success with a catalyst at ordinary pressure its temperature 
must not be higher than 300° C.’’ Since the direct synthesis of ammonia appeared to be 
hopeless as a basis of technical nitrogen fixation Haber dropped the matter and the 
Margulies association came to an end. In 1906, when examining experimental data on 
gas equilibria, Nernst found in the single case of ammonia a large discrepancy between 
experiment (Haber) and calculation by the heat theorem. Nernst therefore redetermined 
the ammonia equilibrium using high pressures (ca. 50 atm.) in order to increase the con- 
centration of ammonia and thus reduce the experimental error. Nernst was thus the 
first to synthesise ammonia under pressure. He obtained much less ammonia than Haber’s 
original estimate and his values were in fair accord with theory : at 1000°, theory 0-0045% ; 
found 0-0032% (Nernst); 0-012% (Haber). In the autumn of 1906 Nernst informed 
Haber of this in a letter, whereupon Haber and Le Rossignol redetermined the equilibrium 
using the original method and atmospheric pressure, but by numerous refinements, especially 
in the determination of small amounts of ammonia, they now obtained quite concordant 
results.{ The new value at 1000° was 0-0048%, in agreement with the /ower limit (0-005%) 
of the original determinations, and Haber’s first estimate of 0-012% as the most probable 
value was proved to be much too high, as Nernst had maintained. The discrepancy 
with Nernst’s experimental values was thus greatly reduced but by no means removed, 
This was clearly brought out at the 1907 meeting of the Deutsche Bunsen Gesellschaft 
when Nernst gave an account of his pressure experiments.§ In the discussion Haber 


* Moist nitrogen—hydrogen mixtures gave traces of ammonia. This effect was stressed by Perman 
in 1904, who also used iron as catalyst. On learning of Perman’s work after the publication of his first 
paper on the ammonia equilibrium, Haber was quick to point out that the chemical action of water 
in this system has no bearing on the ammonia equilibrium. 

Tt Le Chatelier in 1901 considered the effect of pressure and temperature on the ammonia equi- 
librium but his attempt to synthesise ammonia under pressure led to an explosion and he abandoned 
the project. His views on this subject, being stated only in a French patent (No. 313950 of 1901), 
did not become known to Haber until long after the ammonia synthesis had been achieved (F. Haber, 
“‘ Fiinf Vortrage,” Springer, 1994, p. 21; C. Bosch, Z. Elektrochem., 1918, 24, 361). 

t Haber und Le Rossignol, Ber., 1907, 40, 2144 (received April 1907 and published shortly after the 
meeting referred to later). 

§ Nernst, Z. Elektrochem., 1907, 18, 521; Jost, Z. anorg. Chem., 1908, 57, 414. 
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withdrew his original estimate of 0-012% and announced his new values. As Table I 
shows, they were still about 50% higher than those determined by Nernst (the latter are 
calculated from the observed percentages in the equilibrium mixture under pressure). In 


TABLE I. 

Percentage of Ammonia in the Equilibrium Mixture under a Pressure of one Atmosphere. 
DOMED. ssevcveceescnceccestes coocee cee cee see 700° 750° 800° 850° 930° 1000° 
Nernst—Jost (1907) — ......csesescseeee 0-0174 0-0119 0-0087 0-0065 0-0043 0-0032 
Haber—Le Rossignol (1907) ......... 0-0221 0-0152 0-0108 0-0091 0-0065 0-0048 


the course of the discussion Nernst refused to accept Haber’s redetermination as accurate 
because of the low concentrations of ammonia in the equilibrium mixture under one 
atmosphere pressure, and suggested that he should work at higher pressures in order to 
avoid this source of error. Haber strongly maintained the accuracy of his figures. They 
were in fact fully confirmed by his later work. Nernst closed the discussion with the 
words: ‘‘ Dann darf ich vielleicht nur noch eine Tatsache konstatieren, die von allge- 
meinem technischen Interesse ist. Es ist sehr bedauerlich, dass das Gleichgewicht nach 
der Seite der viel geringeren Bildung mehr verschoben ist als man nach den stark un- 
richtigen Zahlen* Habers bisher angenommen hat, denn man hatte wirklich daran denken 
kénnen Ammoniak synthetisch herzustellen aus Wasserstoff und Stickstoff. Aber jetzt 
liegen die Verhaltnisse sehr viel ungiinstiger, die Ausbeuten sind ungefahr dreimal kleiner 
als zu erwarten war.’”’ This summing up probably received general acceptance at that 
time. Nernst regarded the position of the equilibrium as substantially setiled, Haber’s 
figures being incorrect while his own were in sufficiently good agreement with the heat 
theorem.ft 

Haber felt this episode deeply as a personal slight and an injury to his reputation. 
Without delay therefore he and Le Rossignol began a new and decisive determination of 
the equilibrium, this time under a pressure of 30 atmospheres. In a beautiful piece of 
work (published 1908) they fully confirmed their earlier values at one atmosphere (Table I). 
Their apparatus was simple and admirably adapted to its purpose. The nitrogen—hydrogen 
mixture, obtained by the thermal decomposition of ammonia under pressure, was passed 
slowly through a thick-walled silica tube containing the catalyst (iron or manganese), 
whence the equilibrium mixture was rapidly removed and cooled for analysis. The out- 
look for industrial synthesis appeared, however, no better in 1908 than in-1905 so far as 
knowledge of the equilibrium was concerned. Haber’s free-energy equation based on 
the new data indicated that yields large enough to encourage the idea of industrial 
development could be expected only under apparently unattainable conditions, e.g., 8% 
of ammonia at about 600° and 200 atmospheres (the upper limit for compressors at that 
time). But pressures of this order were enormously greater than had ever been used in 
any large-scale chemical operations, and further, the best catalysts of that time (manganese, 
nickel, iron) were slow in action even at 700° and higher. If, however, these formidable 
obstacles of catalyst and high pressure could be overcome the way lay open to the industrial 
synthesis of ammonia and perhaps the solution of the nitrogen question. Haber took up 
the challenge. In doing so he was undoubtedly influenced by the knowledge that in his 
friend Le Rossignol he had the ideal collaborator. The high-pressure technique then 
coming into general use in the Karlsruhe laboratory had been developed by Le Rossignol, 
whose skill and ingenuity in experiment were admired by every member of the Institute, 
even by the mechanic Kirchenbauer, for he was an accomplished metal worker and used 
to make his beautiful pressure apparatus with his own hands. Work began in 1908 when 
a converter enclosed in a steel bomb was constructed which worked well at 200 atmospheres. 
Everything now depended on finding a much more active catalyst. After a long search 
osmium was discovered to have high activity at a temperature as low as 550°, but osmium 
was much too rare. Then uranium proved to be just as efficient. Essentially the problem 
was now solved. With the new apparatus (uranium; 550°; 150—200 atm.) the con- 

* He is here referring to the original estimate of 0-012%. 

+t See Haber, ‘‘ Fiinf Vortrage,’’ Berlin, Springer, 1924, p. 23; Nernst, ‘‘ The New Heat Theorem,” 
Methuen, 1926, p. 275. 
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centration of ammonia became so high (see Table II) that on moderate cooling under the 
working pressure it could be liquefied out as the gas mixture was circulated through the 
closed system of converter, condenser, and circulating pump, while fresh gas mixture 
equivalent to the ammonia removed was continuously fed in. Finally with the fitting of 
heat-interchangers the apparatus became a small technical plant producing a few hundred 
c.c. of liquid ammonia per hour with very low energy expenditure. The feasibility of a 
synthetic ammonia industry seemed assured, the more so as the laboratory plant was 
now in such a form that its translation to the large scale without radical modification 
could easily be visualised. Rarely if ever had a process been brought in an academic 
laboratory to such an advanced stage of technical development before being handed on 
to Industry. Haber’s achievement becomes all the greater when one remembers that he 
received nothing but cold discouragement and scepticism from the industrial side. The 
Badische Anilin und Soda Fabrik were deeply interested in nitrogen fixation. Having 
launched the Schénherr arc process in Norway they regarded Haber’s work on the electrical 
oxidation of nitrogen as very important, but in his ammonia experiments they could see 
no promise whatever. It was through his old friend and colleague, Carl Engler, an in- 
fluential member of the advisory council of the B.A.S.F., that the technical leaders came 
to take some interest in the work. Their sceptical attitude was perhaps connected with 
Ostwald’s claim, a few years earlier, to have obtained good yields of synthetic ammonia 
by the use of iron as catalyst. They found that Ostwald’s ammonia came from nitride 
in the iron. p 
It was an exciting day in July 1909 when the company’s representatives, the engineer 
Dr. Carl Bosch, and the chemist Dr. A. Mittasch came to Karlsruhe to see a demonstration 
of the process. At first things went wrong, as they will on such an occasion, and when 
late in the day repairs had been made and all was well, only Mittasch was there to see 
the liquid ammonia flow. Deeply impressed and completely convinced, he returned to 
Ludwigshafen and at once Bosch and he began their great work. Three years later a 
synthetic ammonia factory was in regular operation. Haber had no share in the large- 
scale developments. The credit for this belongs to Carl Bosch. Although the “‘ Haber 
process” had been brought to such an advanced stage in the Karlsruhe laboratories its 
translation to the industrial scale involved many new and formidable problems, and 
their successful solution under the leadership of Bosch stands out as perhaps the most 
difficult and briliiant feat of chemical engineering ever achieved. Haber was awarded 
the Nobel Prize in 1919. When twelve years later Bosch and Bergius received the same 
honour Haber in a generous appreciation of the award wrote: “It is not sufficiently 
recognised how little had really been done in the Karlsruhe synthetic ammonia process 
towards the foundation of a World Industry.’’ In recognising Bosch and Bergius for 
their development of high-pressure methods in industry, we must not forget what they 
owe to the pioneers, Haber and Le Rossignol. As early as 1907 Haber’s laboratories had 
become known as a centre of high-pressure research, and when Bergius conceived the 
idea of hydrogenating coal under pressure it was to Karlsruhe that he came in 1908 to 
make his first experiments. 
TABLE II. 
Percentage of Ammonia in Equilibrium with a 3:1 Hydrogen—Nitrogen Mixture.* 
logweky = 108 phapda = geri — Toes'%6 T — “ggry T+ agry  T* + 210. 
Equilibrium percentage of ammonia. 
g°, C. Ky. 1 Atm. 30 Atm. 100 Atm. 200 Atm. 


200 0-660 15-3 67-6 80-6 85-8 
300 0-070 2-18 31-8 52-1 62-8 
400 0-0138 0-44 10-7 25-1 36-3 
500 0-0040 0-129 3-62 10-4 17-6 
600 0-00151 0-049 1-43 4-47 8-25 
700 0-00069 0-0223 0-66 2-14 4-11 
800 0-00036 0-0117 0-35 1-15 2-24 
900 0-000212 0-0069 0-21 0-68 1-34 
1000 0-000136 0-0044 0-13 0-44 0-87 


* From Haber, Z. Elehkirochem., 1914, 20, 603. 
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The first decade of the century saw a rapid development in the study and industrial 
application of the oxidation of nitrogen in the electric arc, and in this field Haber’s labora- 
tory was animportant centre of research. Following Nernst’s determination of the thermal 
nitric oxide equilibrium in 1904, the purely thermal theory of arc fixation was generally 
accepted, but doubts soon arose, and in a critical examination of the existing experimental 
material Haber found much evidence for the view that the high yields on record were 
incompatible with the purely thermal view and that electrical factors must be operative to 
some extent. Impressed by the technical as well as the scientific interest of this question 
he made (1906—1910) a comprehensive and detailed study of fixation in the low- rather 
than the high-temperature arc. Owing to electrical activation of reactants, the nitric oxide 
content in the stationary state (electrical equilibrium) will exceed the thermal equilibrium 
amount at the same temperature, and on removal of the electric field the excess nitric oxide 
will decompose until purely thermal equilibrium is established. Since the rate of this 
process decreases very rapidly with fall of temperature, at sufficiently low arc temperature 
little decomposition will occur and conditions will be right for maximal yields of nitric 
oxide. High-temperature arcs must give lower, eventually thermal, yields. Haber fully 
confirmed this theory. The establishment of electrical equilibrium was proved. On slowly 
passing air along a 6-cm. length of A.C. arc burning under a pressure of 100 mm. in a 
narrow, cooled, silica tube, nitric oxide was obtained greatly in excess of the thermal yield 
for an arc at 2000°. Hotter arcs gave more oxide but also more thermal decomposition. 
The same general principles were confirmed with short D.C. arcs. High yields were obtained 
but the system was unsuitable for large-scale operation. The work as a whole was of great 
theoretical and technical value. 

Haber’s interest in problems of flame and combustion, which originated in his early 
association with fuel technology, was stimulated by his critical examination of technical 
gas reactions such as the dissociation of water and carbon dioxide, and in his ‘‘ Thermo- 
dynamics ’’ (1905) we find an account of his study of these reactions in flames. This 
interest remained with him to the end and led to some of his best work. His first experi- 
ments were concerned with the water-gas equilibrium, the existing data on which were 
unreliable above 1100°. For its study he utilised the homogeneous gas phase of a hydro- 
carbon flame, a high-temperature reaction space free from the disturbing effects of hot 
surfaces. No essentially new principles were involved. Smithells had invented the flame 
separator and analysed the products of primary combustion above the inner cone. Twenty 
years earlier Le Chatelier had calculated for the first time the dissociation of carbon dioxide 
and flame temperatures from the composition of the flame gases which Deville in 1865 had 
sucked from the interior of a carbon monoxide flame through a cold tube. Using a new 
form of Deville tube of high chilling efficiency to extract the interconal gases of flames, 
Haber showed that the water-gas equilibrium was established practically instantaneously 
as the gas mixture traversed an inner cone not cooler than about 1250°. Correlation of the 
equilibrium constant with temperature above 1250° led to an improved free-energy equation 
of wide range. Thus, analysis of the gases extracted at any point in the flame (not separ- 
ated) gave the temperature at that point, and with this chemical flame thermometer Haber 
explored not only the hydrocarbon (Bunsen) flame but also the hotter flames produced by 
explosive mixtures of oxygen with (a) carbon monoxide, (6) hydrogen, and (c) acetylene. 
The method failed only at very high temperatures (over ca. 2500°). It had the disadvantage 
of requiring a knowledge of heat capacities at very high temperatures, and it was subject to 
analytical errors and not very sensitive. It can, however, be said that his flame tem- 
peratures were in substantial agreement with those obtained later by other observers and 
by different methods. During this period Haber also studied the oxidation of nitrogen 
in flame. The formation of oxides of nitrogen in gas explosions was well known, but (apart 
from some observations by Liveing and Dewar, who obtained nitric acid by the combustion 
of hydrogen in oxygen-nitrogen mixtures under pressure) no attention had been given to 
this process in flames. In a study of the carbon monoxide flame under pressure it was 
established that, although very little fixation occurred at one «tmosphere, the yield of 
nitric oxide at ten atmospheres rose to nearly 5 moles (with pre-heating, 6 moles) per 100 
of carbon dioxide, high enough to warrant consideration at that time from a technical point 
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of view. The effect of pressure was unexpectedly great and could not be accounted for on 
a purely thermal basis. In similar circumstances the hydrogen flame produced only half 
as much nitric oxide per 100 molecules of water. The abnormal behaviour of carbon 
monoxide was brought out again 15 years later in Bone’s studies of high-pressure explosions 
when carbon monoxide was found to give exceptionally large yields of nitric oxide. In 
these early researches Haber greatly advanced our knowledge of the Bunsen flame and 
especially the properties of the inner cone. Its wall was estimated to be only 0-1 mm. 
thick; it was shown to be the coolest and not, as previously supposed, the hottest part of 
the flame; it was at the same time a region of extraordinarily high reaction rate, of strong 
chemi-luminescence, and of relatively high ionisation.* Haber regarded these last three 
properties as closely inter-related but his ideas, which were before their time, could only 
come to full fruition when he returned to this favourite subject of his in later years. 

It must suffice to mention quite briefly some other researches of the Karlsruhe period. 
It is of interest that as far back as 1896, in connexion with his discovery of the quantitative 
oxidation of ferrous hydroxide by hydroxylamine, Haber was the first to suggest its existence 
in the tautomeric forms NH,°OH (reducing) and NH,O (oxidising), corresponding to the 
oximes and amine oxides respectively. The industrially important reaction of carbon 
monoxide under pressure with aqueous sodium hydroxide to give formate, due originally 
to Berthelot, was shown to proceed entirely in the liquid phase, and the best operating 
conditions were worked out. It was found that non-poisonous zirconium oxide could be 
used instead of the usual stannic oxide in the enamel of iron cooking utensils. The ready 
displacement of chlorine from the chlorides of magnesium and the alkaline earths by a 
mixture of air and carbon dioxide was discovered : 2MCl, + O, + 2CO, = 2MCO, + 2Cl,, 
and the related equilibrium 2MgCl, + O, == 2MgO + 2Cl, studied. Haber designed 
a gas interferometer, after the principle of Lord Rayleigh, for the rapid analysis of gas 
mixtures, and this instrument which proved very convenient in the ammonia researches 
came into general use. Later he devised the vibrating quartz-fibre manometer (based on 

. the original suggestion of Langmuir) as a simple instrument for measuring gas pressures in 
the range of 10-' to 10 mm. _ Ina series of researches he made a detailed examination of 
the complex electrochemical reactions that occur when an electric arc discharge passes 
between an aqueous solution and an electrode in the low-pressure gas phase above it. 

In 1911 Haber accepted an invitation to Berlin as director of a research institutior that 
became even more famous than the school he had built up in Karlsruhe. He was then 42 
years of age, and for five years had been Professor of Physical Chemistry and Electro- 
chemistry. These years were undoubtedly the most brilliant period of his career—his 
“ Glanzzeit,’’ as Willstatter has called it. To have known him and worked with him at 
that time is an experience one does not forget. The great variety and interest of the work 
going on, and its dual bearing on pure science and industry so characteristic of Haber, gave 
his laboratory a quality of its own and exercised a most stimulating effect. Some thirty 
to forty men of a dozen different nationalities were united in the friendliest relations by 
their personal affection for Haber as well as their admiration of him as a man of science. 
His kindliness and human sympathy endeared him to all. Discussion of progress was 
always most helpful and encouraging; he would devote himself wholly to the question in 
hand until a satisfactory position had been reached. A stupid mistake would be brought 
home in such a way as to give no pain, and it gave him great pleasure to find that inde- 
pendent work had been done. Haber was happier in Karlsruhe than at any other time. 
One remembers summer evenings round a punch bowl in the Stadigarten, or walks through 
the woods to some favourite village Gasthaus, when his lively spirit, his stories and charming 
ways were a great delight. But those joys came too rarely, for he was always overworked, 
and took little rest and relaxation. 

The research institution in Berlin which Haber directed until 1933 had its origin in the 
centenary celebrations of the University of Berlin in 1910, when Adolf von Harnack, a far- 
seeing and highly influential man, stressed the need of supplementing university research 
in Germany by means of richly endowed research institutes each directed by an eminent 

* The relatively high electrical conductivity of the inner cone was first reported in 1906 by Davidson 
and Tufts independently. 
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man of science with complete freedom in his work and choice of staff. This idea, which 
had been advocated a century earlier by Wilhelm von Humboldt, appealed strongly to the 
Emperor Wilhelm II, and it was through his initiative that the Kaiser Wilhelm Gesellschaft 
zur Forderung der Wissenschaften was established in 1911 as the parent body of the new 
Kaiser Wilhelm Institutes. The movement grew rapidly. At the outbreak of the war 
there were seven institutes, eight were created during the war, and in 1926 there were 
altogether thirty institutes covering a very wide range of research. The first to be estab- 
lished was that for Chemistry under Willstatter and Beckmann. In the same year (1911) 
Leopold Koppel, a very wealthy and influential man, undertook to build, equip and maintain 
the Kaiser Wilhelm Institut fiir Phystkalische Chemie und Elektrochemie. His only con- 
dition was that Haber should be director. Thus arose the finest laboratory of its kind in 
the world at Dahlem, a spacious and pleasant suburb of Berlin. Haber’s house adjoined 
the Institute and stood in the midst of a large natural garden where he could find quiet 
among the trees he loved so much. In these ideal conditions for life and work he entered 
upon a new phase of his career. 

The Institute was opened in 1912 by the Emperor. At the opening Haber demonstrated 
the device he had invented, at the Emperor’s suggestion, for detecting the presence of 
dangerous quantities of fire-damp in coal mines. It depended on the principle that two 
identical whistles which gave the same note when blown with the same air, produced beats 
when one was blown with normal air, and the other with air containing fire-damp. Although 
robust and effective the device did not come into general use. 

Haber’s first concern at Dahlem was finally to round off his researches on 2mmonia by 
redetermining with the greatest possible precision not only the equilibri~. ut all the 
relevant thermal data. The Le Rossignol values were fully confirmed 4» a final free 
energy equation (Table II) obtained. More recent studies have shown the need of taking 
into account deviations from the gas law at high pressures. At the same time he was 
occupied with applications of Planck’s quantum theory, the significance of which in 
chemistry Haber was one of the first to recognise. It formed the ultimate basis of most of 
his Dahlem work. His study of flame reactions had suggested the idea of intermediate 
ionisation stages in chemical reactions, and this led him as early as 1907 to take the first 
step towards the study of elementary reaction processes upon which in later years at 
Dahlem so much light was to be thrown. In collaboration with Just he set out to answer 
the question whether, chemical reactivity being assumed to depend on the properties of 
special electrons, actual electron emission might not occur as a direct consequence of chemi- 
cal reaction. To avoid thermal emission, only cold reactions could be employed. While 
some such reactions, ¢.g., the oxidation of phosphorus, were known to produce gas ions, no 
cases of electron emission had ever been observed until Haber discovered that at low 
pressures reactive gases like chlorine and oxygen attacked the alkali metals with emission 
of slow electrons, the metal spontaneously acquiring a positive charge. The most important 
observation was that the intensity of the effect diminished with decrease of the chemical 
reaction energy. Noting the similarity of the phenomenon to the photoelectric effect, 
he compared the reaction heats with the few available values of the frequency v, of the 
selective photoelectric effect, and thus, taking v, to be a measure of the work of removing 
the electron from the metal, he found support for the view that electron emission can occur 
only when the heat of reaction Q per atom exceeds the work of removing the electron. 
Recent research * has shown the essential correctness of this interpretation. On this 
basis he proposed a quantum theory of reaction heat : chemical reaction being assumed to 
involve only a change in the binding (frequency) of valency electrons, then for energy 
conservation Q/h = Xv, (resultants) — Xv, (reactants). A test was possible only for solid 
reactions of the simplest type, e.g., the formation of alkali halides from their elements. 
In spite of the simplifying assumptions involved in the calculation, this first physical theory 
of reaction heat gave values of Q in striking agreement with experiment. A noteworthy 
outcome of this study arose from the fact that v, was experimentally accessible (photo- 
electric effect) only in the case of the metals, while for the other reaction components only 

v,, the characteristic infra-red frequency, could be observed. The difficulty was overcome 
* Ann. Reports, 1934, 31, 81. 
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by means of a semi-empirical rule, known as “ Haber’s square-root relation,’’ viz. v,/v, = 
+/ electron mass/atom mass, which proved to be a very useful approximation. Haber’s pre- 
occupation with the new physics and its chemical applications, broken off by the war, was 
eagerly taken up again in 1919, when he saw much of his friends James Franck and Max 
Born, and their frequent discussions were of the greatest value for the development of his 
ideas. Born had just worked out the theory of the ionic crystal lattice, which gave the 
lattice energy in terms of the ion distances and forces. The heat of a solid reaction was 
then given by the algebraic sum of the lattice energies of the components. Born evaluated 
the lattice energy as the sum of the energies involved in first discharging the free gaseous 
ions and then combining them to form the crystal. The energy relations were clearly 
demonstrated by Haber in the form that became known as the ‘‘ Born—Haber”’ cycle 
(square brackets indicate solid, round brackets gas), which shows the lattice energy as 
the algebraic sum of the heats of formation Q, dissociation D, sublimation S, and the 
energies of ionisation of cations J and anions E. In a bold attempt to apply Born’s 
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theory to gaseous hydrogen chloride instead of solid sodium chloride, Haber obtained a 
heat of the (gaseous) reaction H* + Cl = HCl much smaller than that calculated by the 
cyclic process. In order to explain this discrepancy he introduced, as early as 1919, the 
idea of ionic deformation which later proved so fruitful in the hands of Fajans. His further 
studies in this field included the calculation of the heats of hydration of ions and a new 
theory of metals. The metal lattice he took to resemble that of a salt with electrons in the 
positions of the anions, but he soon abandoned the fixed electron lattice in favour of a 
mobile system of electrons. His discussions of the metallic state played an important part 
in the development of this difficult subject. 

Haber’s work on solids included a study of the conditions determining the crystalline 
or amorphous structure of precipitated particles and sols. Their nature must depend on 
the relative rates of (a) aggregation from the supersaturated solution to initially amorphous 
particles and (d) arrangement of the unordered atoms into a crystal lattice. Slow form- 
ation brings the latter into prominence and the particles tend to be crystalline, while rapid 
formation (high aggregation rate) gives amorphous particles which may crystallise slowly. 
This view was confirmed by X-ray analysis. For instance, ordinary precipitated ferric 
hydroxide is amorphous, whereas the sol formed slowly by hydrolysis contains crystalline 
particles. Only in rare cases, e.g., colloidal gold, is the rate of arrangement so fast that the 
most rapid precipitation gives only crystalline particles. The X-ray method was also used 
in a study of the hydrous oxides of aluminium and ferric iron. It may be added that as 
early as 1904 Haber had examined the remarkable ageing properties of beryllium hydroxide. 
This summary of his work on solids may be concluded by remarking that Haber appears 
to have been the first to suggest (in 1914) that adsorption is due to the operation of un- 
saturated chemical valency forces of atoms on a solid surface, the basic idea of Langmuir’s 
adsorption theory. 

The Kaiser Wilhelm Institute had been in active operation for only two years when the 
war broke out in 1914. Work stopped abruptly, and Haber at once placed himself and his 
laboratories at the service of the War Ministry. The first weeks of the war found him 
actively engaged upon urgent problems of the supply of essential war materials. This vital 
factor had not been foreseen. The army had, it appeared, tacitly assumed that industry 
would supply its needs in war as in peace time, and thus the mobilisation plans included no 
steps to ensure this. In the matter of basic materials, Germany was in fact ill prepared, 
even for a short war. One of the first to perceive the significance of chemical industry in 
war, Haber was put in charge of the department of raw materials at the War Ministry. He 
recognised the most urgent problem to be that of fixed nitrogen and to this he gave his 


special attention. The sole source of nitric acid in Germany at that time was imported 
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Chile saltpetre, and the stock of this material was so low that the war might have ended in 
a few months but for the discovery of some 50,000 tons of nitrate at the Antwerp docks. 
Even this could give but a short respite—until early 1915—unless industry were to come 
quickly to the rescue. There was only one way, the conversion of ammonia into nitric 
acid, and this Haber energetically promoted. A small industrial plant working the Ostwald 
catalytic oxidation method had been in successful operation for some years, but its output 
was insignificant. It was the very rapid development of a new oxidation process by the 
Badische Anilin und Sodafabrik that saved the situation. At the same time the supply of 
ammonia was enormously increased by a ten-fold expansion of the already well-established 
cyanamide industry. By-product and cyanamide ammonia sufficed in fact to meet the 
demands of the army during the first two years, with very little to spare, however, for 
agriculture. The output of the Haber—Bosch plant, by no means large in 1914, was steadily 
increased, until during the second half of the war it greatly exceeded the cyanamide output 
(now stationary) and kept pace with the ever-growing demand. Beginning in 1913 with an 
output of about 6500 metric tons (of fixed nitrogen), the production of synthetic ammonia 
was roughly doubled in each successive year until at the end of the war it reached the huge 
figure of some 200,000 tons per annum. Without synthetic ammonia it is very improbable 
that Germany could have carried on the war so long as she did, and in this sense it may be 
said that Haber saved his country from premature defeat. 

During the brief early period of mobile warfare when Haber was so busy with the 
organisation of supply, he received his first experimental problem from the War Ministry, 
and solved it by proving xylene and solvent naphtha to be satisfactory substitutes for toluene 
which had become no longer available as an anti-freeze agent for use with benzene motor 
fuel. The Battle of the Marne and the wholly unexpected development of trench warfare 
in September 1914 shattered the belief of the German General Staff in a short fast-moving 
war, and they found themselves confronted with two urgent and unforeseen problems, 
first, that of munitions supply on a scale vastly greater than had been anticipated, and 
secondly, the need of rapidly devising some means of driving the Allies out of their trenches 
and thus resuming open warfare, when their superior numbers and tactical training would, 
they thought, enable them to gain a speedy victory—time they recognised was on the sice 
of the Allies. The use of irritant substances for the purpose of rendering confined positions 
untenable was by no means a new idea in the history of warfare; but the Germans, not 
anticipating trench warfare, had made no preparation for the employment of chemical 
weapons. It was the check on the Marne that first suggested their use. The War Ministry 
consulted Nernst and the early experiments were carried out with his co-operation. Some 
time later, towards the end of 1914, Haber was given a share in the work. The original 
device was merely to include irritant substances in the filling of normal shrapnel and high 
explosive shell. Applied in this manner during the autumn of 1914, first dianisidine 
chlorosulphonate, an irritant powder suggested by Nernst, then the lachrymator w-xylyl 
bromide, proved ineffective in actual warfare because the concentrations reached were too 
low. Owing to the extreme shortage of steel for shells consequent upon trench warfare, shells 
of cast iron were tried, but on account of their thicker walls and therefore smaller bursting 
charge they gave bad fragmentation (the lack of good quality high explosive was also a 
factor), and Haber was given the problem of increasing their effectiveness. The only avail- 
able way was to employ these shells as a means of scattering some new irritant in sufficient 
quantity to be effective without however persisting long enough to hinder the advance 
of troops. Experiments in Haber’s laboratory had barely begun when they were brought 
to a tragic end in December 1914 by the detonation of a bottle of dichloromethylamine * 

* It appears that amongst other impurities nitrogen chloride may have been present. The explosion 
occurred as a few drops of the dichloromethylamine were being added to a few c.c. of (impure) cacodyl 
chloride contained in a test-tube. The latter substance had been suggested from an industrial quarter 
and sent to the Institute for trial. The sample inflamed in air, and it was thought that the dichloro- 
methylamine might perhaps inhibit the inflammation while itself exerting an irritant action. The fact | 
that cacodyl chloride was considered at all must be regarded as indicating that, while the main purpose 
of the chemicals employed was undoubtedly to exert an intolerably irritant effect at low concentrations, 
yet the circumstances that a substance might also act as a poison when breathed in sufficient quantity 
was not considered as excluding its use. 
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which instantly killed Otto Sackur, a member of Haber’s staff and one of Germany’s most 
distinguished chemists. The problem was thereupon abandoned. 

In view of the shortage and inadequacy of shell, with or without the addition of chemicals, 
for combating static warfare, some new method was urgentlyneeded. To attain the necessary 
concentration of gas overa sufficiently wide front, the idea arose of amass discharge of gas from 
cylinders. Chlorine was adopted because it was immediately available, and Haber was put in 
charge of the preparations. Whether he was the first to suggest the use of this gas we do 
not know. While it is true that the responsibility for its actual employment must lie with 
the War Ministry, there is no reason to doubt that he favoured a trial of the new method. 
This modern “‘ Greek fire ’’ was apparently regarded as essentially a device for enforcing 
the abandonment of trenches. It seems clear that when the first chlorine cloud attack was 
made on April 22, 1915, at Langemarck (Ypres), no one realised how effective it would be 
and even Haber’s expectations were exceeded. What happened was that owing to un- 
favourable winds the attack had to be postponed from day to day for a week (the soldiers 
losing confidence the while), and finally it took place on a short (6 km.) front late in the 
afternoon when only a few hours of daylight remained. Asa result relatively little military 
advantage was taken of a great opportunity. Impressed by its potentialities, the military 
authorities at once decided to adopt the gas-cloud method and at the same time, recognising 
the urgent need of instituting gas defence, they requested Haber to concentrate upon the 
latter problem. After six months’ intensive work at the Institute a very neat and ingenious 
respirator was issued to the troops (in October 1915), the main design of which remained 
almost unchanged to the end of the war. The lack of rubber imposed severe restrictions. 
Haber had to devise a close-fitting face-piece held in position by a head harness and 
supporting a small drum packed with absorbent materials to remove the harmful substances 
from the inspired air. The success with which this was attained within the limits of weight 
imposed by the form of the respirator represents a great achievement. With the later 
development of gas warfare the effectiveness of the absorbents was continually improved to 
meet the growing demands on the respirator without adding to its weight. 

During 1915, while Haber was mainly occupied with the design and production of the 
respirator, the gas-cloud method gradually lost favour owing to the danger of ‘‘ blow-back,”’ 
to the prevalence of unfavourable winds, and to the difficulty of combining the cloud dis- 
charge with an infantry attack, which was the primary purpose for which it was intended. 
The use of lachrymators in shell was continued, but on quite a small scale. The Germans 
had, in fact, by the end of 1915 come to regard the gas weapon as of relatively little value. 
In the meantime the Allies had taken up the new arm and the Germans received a great 
surprise when, in the spring of 1916, the French introduced a new gas shell, containing 
phosgene (carbonyl chloride), with a small bursting charge. So effective was this new 
weapon that the views of the Germap War Ministry as to the value of gas shell underwent a 
sudden change. Haber was at once put in charge of the development of gas projectiles and 
became technical adviser to the army on both the offensive and the defensive side of gas 
warfare. The introduction of the French phosgene shell marked a turning point in chemical 
warfare, the beginning of an accelerated development which soon (1917) raised the gas arm 
to the position of a serious tactical factor. The purpose of gas had changed. Originally 
intended to drive men out of trenches by its irritant action, the coming of gas defence had 
the effect of bringing its lethal aspect into prominence: This aspect, fully developed in 
phosgene, was also present in the monochloromethy] chloroformate, a toxic as well as an 
irritant substance, which the Germans had in fact used some months earlier, but without 
much success. Competition between offence and defence became keen and unrestricted. 
Gas, like other weapons, was now intended to kill. 

During the first two years Haber’s responsibilities for gas warfare were limited, and 
further he was serving two masters, the General Staff and the Medical Service. Late 
in 1916, however, a separate Chemical Warfare Service was formed with Haber as its Chief. 
The Institute, greatly enlarged, was now organised as a military establishment, and here 
practically the whole of chemical warfare research was carried out until the end of the war. 
During the last two years Haber controlled the entire chemical warfare organisation, 
offensive and defensive, with responsibility for research, design, supply, and even the 
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selection and training of all gas officers and personnel. In addition, all orders and instruc- 
tions for dealing with either aspect of chemical warfare were drawn up in the first instance 
by the general staff officer responsible for gas in collaboration with Haber. It was an 
immense responsibility for one man to carry, and his success in dealing with a situation that 
daily became more difficult owing to the effects of the blockade and the growing intensity 
of chemical warfare, showed that he possessed most unusual executive ability. Speed was an 
essential factor in the effective use of the new weapon, and this depended largely on Haber’s 
quickness of decision and masterly control of its every aspect. It was an entirely new 
experience for a University professor but Haber showed that he possessed just the right 
personality for this tremendous task. Though it taxed his strength to the utmost he enjoyed 
the experience of controlling this great organisation and of getting soldiers and chemists to 
work together on acommon task. It is not surprising that he won the full confidence of the 
soldiers for they admired such executive ability in a man of his high scientific distinction. 

From 1916 onwards gas warfare offensive was mainly concerned with substances which 
could be used in projectiles, and the effort to counter the growing efficiency of respirators. 
Of the hundreds of substances examined the following were used during Haber’s period of 
control: phosgene, trichloromethyl chloroformate (diphosgene), chloropicrin, dichloro- 
dimethyl ether, phen:/lcarbylaminedichloride, ethyldichloroarsine, diphenylchloroarsine, 
diphenylcyanoarsine, and dichlorodiethyl sulphide (mustard gas). The last substance, 
discovered in 1886 by Victor Meyer, who reported its remarkable action on the skin and 
eyes, was the most effective chemical agent of the war. It caused large numbers of 
casualties, only a small proportion of which were fatal, and raised new problems of defence. 
It was introduced in July 1917 and used by the Allies after June 1918. The Germans were 
well aware that their gas weapons would be turned against them and the danger of this had 
to be taken into account. It is related * that when the use of this substance as a war gas 
was first suggested to Haber he reported its properties to General Ludendorff but advised 
against its adoption unless it was certain that the war would be over in a year, for he 
estimated that it would take the Allies a year to retaliate in kind. If they did so retaliate 
then, said Haber, this gas would bring about the certain defeat of Germany. Ludendorff 
took the risk. A year after its introduction the war was still going on and the Allies had 
just begun to use mustard gas. The collapse came, however, from other causes and before 
this substance had been employed on the scale and with the decisive results that Haber had 
predicted. 

This is no place, nor would it serve any good purpose, to revive the controversial ques- 
tions of international law and responsibility for the first introduction of gas warfare which 
were so much discussed during the immediate post-war years. The new chemical weapon 
was held in general execration and Haber was in some quarters accused of having com- 
mitted an unforgivable crime against humanity. He was never himself concerned with 
decisions under international law, and his duty as an army officer was to advise and obey 
those responsible for higher policy. At the same time he did in fact find himself in 
general agreement with the policy of the War Ministry regarding chemical warfare,t and 
disputed not only its inhumanity but also the responsibility of the Germans for its first 
introduction. His views on every aspect of the question were fully expressed in two 
interesting essays ¢ to which reference may here be made. 

* General Max Hoffmann: ‘‘ Der Krieg der versiumten Gelegenheiten,” Verlag fiir Kulturpolitik, 
Miinchen, 1923, p. 173. 

+ ‘‘ Mit der vélkerrechtlichen Zuldssigkeit der Gaswaffen bin ich niemals befasst worden, Auch 
habe ich in den Akten des Kriegsministeriums aus den ersten Kriegsjahren nichts dariiber gefunden, 
Dieser Seite der Sache*hat der Generalstabschef und Kriegsminister v. Falkenhayn offenbar persénlich 
gepriift. Aber wenn er mich auch niemals um meine Rechtsauffassung gefraght hat, so hat er mir doch 
keinen Zweifel dariiber gelassen, dass es fiir ihn vélkerrechtliche Grenzen gab, die er strenge innegehalten 
wissen wollte. Niemals wiirde er die Vergiftung von Nahrungsmitteln, Brunnen oder Waffen gebilligt, 
niemals Waffen oder Kampfweisen erlaubt haben, die nutzlose Leiden schufen. Unzweifelhaft war er 
iiberzeugt, mit dem Vélkerrecht durch seine Anordnungen auf dem Gaskriegsgebiet nicht in Widerspruch 
zu treten. Eine entgegengesetzte eigene Meinung wiirde mich von der Mitarbeit zuruckgeschreckt 
haben.”—F. Haber, “‘ Funf Vortrage,” Berlin, Julius Springer, 1924, p. 76. 

t F. Haber, “‘ Fiinf Vortrage,”’ Berlin, Julius Springer, 1924. 
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The war years were for Haber the greatest period of his life. In them he lived and 
worked on a scale and for a purpose that satisfied his strong urge towards great dramatic 
vital things. For three or four generations back his family had served and fought for 
Germany. To bea great soldier, to obey and be obeyed—that, as his closest friends knew, 
was a deep-seated ideal. During his period of military service he had done exceptionally 
well, but the Jew did not become an officer. Early in the war he received the special and 
very unusual promotion directly to the rank of captain. Higher rank he did not attain 
though he ardently desired it. He was nevertheless a very influential military man and 
the consciousness of this brought him great satisfaction. It must not however be supposed 
that he exalted and enjoyed war as such—on the contrary in his heart he hated its wastage 
and suffering ; but the coming of war brought out another side of his nature and transformed 
him into a Prussian officer, autocratic and ruthless in his will to victory. In normal 
times this latent tendency was completely suppressed, or appeared rather as great strength 
of purpose in a man whose true nature was kindly and benevolent. It must be remembered 
that at all times he put Germany first. The outcome of the war was a terrible tragedy for 
him. He had given all his strength, his whole being, to the struggle for victory. Unlike 
many of his colleagues who, in the last phase, came to see that there could be no victory, 
Haber maintained to the very end an invincible faith that Germany must win through 
unbeaten. The end was a great shock for him and he suffered deeply, so deeply that he 
became a changed man and never quite recovered his former self. 

It was with a heavy heart that Haber turned to the reconstruction of his Institute. 
At this time he seemed a completely disillusioned and broken man, weighed down by the 
unbearable burden of failure and depressed by the unhappy personal repercussions of 
chemical warfare. Furthermore, his health had become permanently damaged by the 
constant strain and overwork of the war years; but his indomitable spirit soon rose again, 
and with the shaping of new plans and far-reaching aspirations he regained much of the 
energy and enthusiasm so characteristic of him. In re-establishing the Institute he felt 
strongly that the opportunity should not be missed to develop the extensive and varied 
scientific knowledge which had been gained under his direction during the war, and to 
apply it to beneficent ends. In addition therefore to the departments of Physical Chemistry, 
Physics (under James Franck), and Colloid Chemistry (under Freundlich), he introduced 
sections on Organic Chemistry, Pharmacology, Insect Pests, and Textile Chemistry, all 
working in close co-operation under his general control. During the first year all went 
well. Then came the Inflation. Money melted away and Haber’s ambitious scheme 
had to be restricted until only Physical and Colloid Chemistry remained. However a few 
years later (1924—45) the position improved, Physics was reinstated under Ladenburg, and 
Polanyi joined the Institute about the same time. So things remained until 1933. 

As on the outbreak of war, so with the coming of the Inflation, Haber strove his utmost 
to find a way of helping his country, this time out of her desperate economic situation. 
New industrial developments, to which he gave much thought, would take too long. As the 
immediate bar to Germany’s recovery both then and in the future there loomed the demand 
of her former enemies for war reparations to be paid in gold—132 milliard marks or, as 
Haber expressed it, 50,000 tons of gold. Remembering the Arrhenius estimate of eight 
thousand million tons of gold in the sea, he conceived the heroic and highly dramatic idea 
of paying reparations from this source. Few men of his eminence would have had the 
courage to risk their reputation on such a quest, nor would he have done so in normal times. 
In 1920 then, having concluded after the most careful examination of the problem, that the 
prospects were not unfavourable, he decided to make the attempt with all the resources at 
his command, and soon a group of a dozen experienced men under the leadership of Johannes 
Jaenicke * were at work on methods of analysis and processes for the economic extraction 
of gold. Reviewing the nine published determinations of gold in the sea, Haber was struck 
by the fact that, although they varied widely, yet they tended to group around the value 
5—10 mg. per metric ton (micrograms per litre) of sea water, and at first (up to 1923) his 
own analyses gave results of the same order. For various reasons, including the difficulty of 

* An excellent review of the ‘‘ Gold Episode,” to which the writer is much indebted, is given by 
Johannes Jaenicke in Die Naturwissenschaften, 1935, 23, 57. 
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obtaining regular and satisfactory deep-sea samples, the methods of analysis and extraction 
were studied not with natural but with an artificial standard sea water containing what 
appeared to be the most probable amount of gold, namely, 5 ug. (as gold chloride) per litre. 
Several analytical methods, of which the most satisfactory was that of microcupellation of 
the gold carried down by a precipitate of lead sulphide, were elaborated until, when tested 
on the above standard, they gave about the right amount of gold, and thus when these 
methods were applied to actual sea water the analyses were accepted as reliable, and, 
although the number of samples analysed was small, the results were regarded as sufficient 
to confirm beyond reasonable doubt the presumed gold content of about 5 mg. per ton. 
Thus it came about that at quite an early stage of the work attention was directed mainly to 
research on methods for the economic extraction of gold at this concentration. The principle 
finally adopted was to render the minute particles of gold filterable by loading them with a 
minimal amount of another substance. On adding less than a gram of sodium poly- 
sulphide per ton of (artificial) sea water the carbonic acid present precipitated sulphur 
which reduced heavy-metal ions (it was an advantage to add a trace of copper salt), and the 
gold-bearing particles of sulphur could be rapidly filtered off through sulphur-coated sand. 
The gold was thus completely removed and the concentrate could be worked up easily. 
The cost of this simple operation on the large scale at sea would be covered by a few milli- 
grams of gold per ton and with the 5 mg. believed to be present success seemed assured. 
Without delay, therefore, a ship was fitted with filtration plant and laboratory, and in high 
hopes Haber with four of his staff crossed the North and South Atlantic (coastal waters were 
variable and contained too much suspended matter). To their great astonishment and 
dismay they found only a small fraction of the expected amount of gold. It seemed 
incredible that the analyses should have erred in giving far too much gold, yet this conclusion 
was unavoidable in view of the undoubted efficiency of the extraction process. The basis 
of Haber’s project was thus destroyed but even now he did not abandon all hope—there was 
the possibility that regions existed with constant higher gold contents—and apart from the 
economic aspect he determined, having gone so far, to find out the truth about gold in the 
sea. And so in 1924 he began the last and in many respects the most important stage of 
this enquiry with a scheme for the systematic collection of samples from all the seas for 
analysis at Dahlem, and a searching study and refinement of the analytical methods. 
The result was surprising. When methods that proved satisfactory for concentrations of 
the order of several milligrams per ton (as used in the earlier stage) were applied to water 
containing a tenth or a hundredth of this amount, then it became apparent that the error 
lay not, as had always been assumed, in the loss of gold but in its gain from outside sources, 
so that the earlier determinations on actual sea water came out much too high. Dis- 
tributed as widely if not as plentifully as sodium and iron, gold and silver from all the 
reagents and vessels employed found their way into the minute bead of metal formed in the 
microcupellation process. With the elimination of this source of error and improvement in 
the separation of the silver, less and less gold was found in the samples of sea water until 
eventually the amount fell to a thousandth of that originally assumed. After a long period 
of the most exacting research a technique was evolved * by which 10° g. of gold in a litre 
of water could be directly determined with an error of only + 3%, and 10-” g. with an 
error of + 50%, the limit even then being set not so much by the method as by the demands 

* The following is an outline of the method finally adopted for sampling and analysis: On taking 
the samples in 2-1. glass bottles a little lead acetate was added followed by sodium sulphide, the gold 
being carried down in the precipitate of lead sulphide. When received for analysis a second lead sulphide 
precipitation was made, and after filtration the residue containing all the silver and gold was dissolved 
by treatment with hydrobromic acid and bromine. After addition of ammonium sulphide the heavy- 
metal sulphides were centrifuged into 8-c.c. V-shaped crucibles of unglazed porcelain, reduced by 
hydrogen or lead formate, melted with boric acid, and cupelled down to a 5 mg. bead. This was trans- 
ferred for further cupellation to a small, thin-walled, unglazed, porcelain dish and the final gold—silver 
bead measured under the microscope. Lastly, the silver was removed by heating to 1100° with borax 
for two minutes and the minute gold bead measured microscopically. All reagents were free from gold 
and silver and at every stage the most meticulous care was taken to avoid adventitious gain of these 
metals, In practised hands this microcupellation method was capable of an extraordinary degree of 
accuracy. 
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made on the patience and dexterity of the analyst. It was not until 1926 that Haber 
finally abandoned all hope of economic success. The interest shifted to Oceanography and 
in 1927 a research ship went out to study the depth distribution of gold and its relation to 
plankton distribution. With the completion of this survey the gold episode came to an 
end in 1928. 

The failure of this great purpose upon which Haber had so set himself was a bitter 
disappointment, which affected him more deeply than he allowed to appear. Was the 
Atlantic expedition of 1923 premature? Why did Haber not first discover the true gold 
content of the sea? Why in the early stages were so few analyses of actual sea water 
made? The post-war restriction of German shipping and the need for secrecy rendered 
the supply of reliable samples very difficult, but since the latter did in fact give results of 
the order indicated by earlier investigators, a relatively small number of samples were 
regarded as sufficient to confirm the order of the gold content. Haber undoubtedly 
over-rated the work of the earlier investigators and attached too much weight to the 
estimate which he made from their confused data. Further, the rapidly deteriorating 
economic situation in Germany and particularly the occupation of the Ruhr District were 
powerful factors urging Haber to develop the extraction process and to lose no time in 
putting it into practice. 

It was Haber’s purpose to write a monograph on the scientific yield of these years of 
exacting labour. Depression and ill-health delayed the project, the workers became 
scattered, other interests arose, and thus the monograph was never written. It was in 
the field of analytical method and microchemical technique that the greatest advances 
were made. Unfortunately they have not all been fully recorded. We are indebted to 
Haber for establishing at last the truth about gold in the sea, namely, that its average 
concentration does not exceed a thousandth of a milligram per ton, it occurs mainly as 
the metal (associated with suspended matter) rather than in solution, and consequently 
samples are very variable and may, rarely, have a misleadingly high gold content. 
Incidentally it is noteworthy that when in 1924 Miethe and Stammreich in Germany and 
Nagaoka in Japan independently reported the transformation of mercury into gold under 
the influence of an electric discharge, Haber performed a useful service by demonstrating 
with the aid of his new analytical technique that the gold was, as he suspected, all 
derived from the materials employed. 

After the war Haber’s Institute became one of the greatest centres of research in the 
world. Fundamental advances were made in atomic physics and spectroscopy. The 
collision of electrons with atoms and molecules was studied; the occurrence of resonance 
phenomena in the collision of atoms and molecules was for the first time experimentally 
demonstrated; absorption spectra of a new kind were found in the ultra-violet represent- 
ing a transition stage to the X-ray absorption spectra; para-hydrogen was discovered 
and thoroughly investigated; pioneering work was done on the chemistry and physics of 
free atoms, and great advances were made in colloid chemistry. In Haber’s own field, 
the mechanism of chemical and photochemical reactions, much new ground was broken 
and a wealth of fundamental knowledge gained. With every section he maintained 
constant and effective touch in spite of the increasingly heavy outside claims upon his 
time. In the 22 years 1912—1933, more than 700 original papers were published from 
the Institute. Of its sixty members (1929), nearly half were foreigners of a dozen 
nationalities. An interesting feature was the participation of foreign and German guests 
in the work of the Institute. They lived in the neighbouring ‘‘ Harnack House,” a 
splendidly equipped club house which the government had established to provide a centre 
of intercourse between German and foreign men of science. 

The significance of Haber’s Institute went much further than its output of research. 
From his earliest days at Karlsruhe, Haber always attached the greatest importance to 
the Colloquium. Again at Dahlem the fortnightly Colloquium formed a vital part of the 
life of the Institute. So valuable and stimulating were these meetings under Haber’s 
inspiring leadership, that visitors came in increasing numbers until the ‘ Haber 
Colloquium ” became a widely known institution which exerted a strong influence on 
scientific life and work in Berlin. It was attended not only by the Berlin chemists and 
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physicists, but by leaders of science from distant parts of Germany and even from abroad. 
Its meetings were reported in the appropriate periodicals just like those of the learned 
societies. In the Colloquium Haber was at his best. Here came out one of his most 
brilliant qualities, the capacity to grasp quickly the essentials of subjects not his own, to 
perceive their true bearings beyond the details, to discover errors, to indicate lines of 
advance. He had a genius for guiding discussion into the most profitable channels, for 
resolving obscurities and bringing the essential things into a clear light. He really could 
think aloud as he stood before his audience, in a way that aroused the wonder and 
admiration of all. One could never tell what would be his reaction to a new idea or to 
an account of new experiments and theories; it was generally unexpected and always 
original and stimulating. 

After the war Haber’s constant devotion to the national good led him to employ his 
great influence and talent for organisation in a wider sphere than the Dahlem Institute. 
When scientific research and the cultivation of science generally throughout Germany 
became seriously threatened by the Inflation, he not only led a vigorous campaign to 
uphold at all costs scientific training and research as a vital factor towards his country’s 
recovery and future health, but in order to meet this pressing national danger in a 
practical way he brought into being a great scheme for the financial support of research 
and training throughout Germany. Established under the presidency of the Minister of 
Education with Haber as its effective leader, the ‘“‘ Notgemeinschaft der deutschen 
Wissenschaft ’’ united the Government, the learned Societies, the Universities, the Kaiser 
Wilhelm Society, and other research interests into one national body for the purpose of 
allocating grants. To Haber mainly fell the burden, which he willingly shouldered, of 
maintaining the organisation at the high level of usefulness that he desired. Germany 
owes him a very great debt of gratitude for the immense service he rendered in protecting 
his country’s science which he regarded as one of the main pillars of her strength. To 
Haber also was due the promotion of friendly relations between German chemists and 
those of other countries, a difficult task in the bitter atmosphere of the post-war years. 
Progress was hindered by the non-existence in Germany of an organisation competent to 
deal with questions of international co-operation, and it was not until 1928, after years of 
untiring effort, that he at length succeeded in creating the ‘‘ Verband deutscher 
chemischer Vereine.’’ As its President he represented his country on the Board of the 
Union Internationale de Chimie from 1929 to 1933, where he earned the highest regard 
for his statesmanship and devotion to the cause. He was particularly anxious to 
establish good relations with France and his efforts were greatly appreciated by the 
French chemists. 

After the gold failure, Haber made a journey round the world and spent two months 
in Japan. The Japanese government conferred upon him the highest possible honour. 
He took an official part in a national commemoration in honour of his uncle Ludwig 
Haber, formerly German Consul in Japan, who had been killed fifty years earlier by a 
fanatical Samurai. The Japanese visit was an important incident in Haber’s life. He 
met leading politicians, scholars, and industrialists, and studied with eager interest every 
aspect of Japanese life. His writings on Japan betray the sympathy of his restless 
striving spirit with this people which, like the Prussians, had won power by the force of 
its will and training. His analysis of the state of industry and education in Japan and 
his estimate of her economic and political significance led him to advocate close relations 
between Germany and Japan. So strong were his convictions that he determined himself 
to take immediate action, and in 1936 he established The Japan Institute, consisting of 
two parallel institutes, one in Berlin, the other in Tokyo, each with a German and a 
Japanese director. This unique twin institute for promoting mutual understanding and 
cultural interests between widely different peoples was recognised and financially sup- 
ported by both governments. Opening the Berlin Institute Haber said: “‘ We believe 
that in the long run every nation will best serve other nations as well as itself by learning 
to understand their thoughts and feelings.’’ He always tried to do this. 

Returning to Haber’s scientific work, we find him in the early post-war years taking 
up again the fundamental problems arising out of his studies on flame. Of the two main 
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characteristics of the Bunsen flame, luminescence and ionisation, the latter had already 
led him to the discovery of electron emission in chemical reaction. He now attacked the 
familiar but little understood phenomenon of chemiluminescence. For the correlation 
of the thermal and radiant energies involved he employed the well-defined gaseous reaction 
of sodium with halogen. A jet of nitrogen containing sodium vapour was found to give, in an 
atmosphere of halogen, a purely chemiluminescent flame emitting the sodium lines at a 
temperature well below 500° (no visible thermal radiation). The simple unequivocal 
character of this reaction enabled him to make a fundamental advance, namely, the 
interpretation of chemiluminescence as a reversal of photochemical or sensitised photo- 
chemical reaction, the reaction proceeding through the intermediate formation of excited 
sodium atoms Na* which may emit their excess energy by radiation. The source of their 
excitation energy wes the heat of reaction which was transferred to a normal sodium atom 
in its inelastic collision with the primary high-energy product NaCl*. The process was 
of the general tyne (I), the third energy-removing body C being in this particular case 
(II) a sodium atom.t 


| a II. ITI. 
A+ B= AB* Na + Cl = NaCl* C+ hv =C* 
AB* + C = AB + C* NaCl* + Na = NaCl + Na* Cc* + AB =C + AB* 
C* = C +- hv Na* = Na + hv AB* = A+B 


Actually only a small fraction of the reaction heat was radiated, since AB* was mainly 
deactivated by collision with other molecules, its energy thus appearing as heat. Experi- 
ment showed the condition for resonance radiation to be that the heat of reaction Q shall 
exceed hv where v is the frequency of the sodium line and h is Planck’s constant. With 
mercury in place of sodium no radiation occurred, Q being much less than hv (for mercury). 
Plainly, the whole process was the reversal of the sensitised photochemical reaction (ITI). 
Haber’s pioneer work threw for the first time a clear light on the obscure field of chemi- 
luminescence and provided a sure basis for its subsequent development.{ It gave rise in the 
hands of Polanyi at Dahlem to a refined technique and a brilliant series of researches on 
low-pressure reactions of this type which led to great advances in our knowledge of reaction 
mechanism. Haber himself employed the Polanyi technique of the “ highly dilute flame ” 
to elucidate the mechanism of the reaction between sodium vapour and oxygen.§ Further 
researches on chemiluminescence, many emanating from Haber’s Institute, have confirmed 
the principles which he laid down. Notable amongst these were the brilliant studies on 
atomic hydrogen by Bonhoeffer, who found that the heat of combination of hydrogen 
atoms to a hydrogen molecule may by inelastic collision activate a third atom such as 
sodium to emission of its resonance radiation. It is interesting to note that Haber’s 
electron emission on the one hand and light emission on the other, as a direct consequence 
of chemical reaction, now appeared as different aspects of the same phenomenon, for the 
reaction heat may suffice to raise an electron to a higher quantum level (light emission) 
or to remove it altogether (electron emission). His later work showed, indeed, that these 
two processes even took place by essentially the same mechanism, for in the electron- 
emitting reaction between metal and halogen the primary product transfers its high energy 
to the metal which may then emit an electron. Heat of reaction is transferred to a third 
body which may either radiate or become ionised. 

The first decade after the war was a period of rapid advance in the field of the kinetics 
and mechanism of chemical reaction under the stimulus of the new knowledge on atomic 
structure and the inter-relation of matter and energy. Haber’s school became famous as 


t Actually, since the primary process must involve Cl, and not Cl, Haber tentatively suggested 
Cl, + Na = NaCl,* followed by NaCl,* + Na = NaCl, + Na*, the NaCl, becoming NaCl in subsequent 
processes. Polanyi later showed the mechanism to be Ci, + Na = NaCl + Cl, followed by Cl + Na, = 
NaCl + Na, wherein the Na atom becomes excited to radiation. 

} Kautsky, working in Haber’s Institute, made at the same time similar suggestions to explain his 
remarkable discovery of the chemiluminescent oxidation of certain unsaturated silicon compounds, and 
strongly supported Haber’s theory as a general theory of chemiluminescence. 

§ See p. 1669. 
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a centre of research in this field, where the main lines of development again had their 
origin in his life-long interest in problems of flame and combustion. From this source 
had already sprung his discovery of electron emission in chemical reaction and the 
principles of chemiluminescence. But the old questions relating to the flame itself, its 
reaction mechanism, luminosity, and conductivity still remained open, and to these 
problems he now addressed himself, equipped with knowledge and methods not at his 
disposal when he attacked them twenty years earlier. His first paper “On Band 
Spectroscopy and Flame Processes,” written in 1928 in collaboration with Bonhoeffer, 
is remarkable for the wealth of ideas and fruitful suggestions which it contains. Pointing 
out that hitherto the mechanism of combustion of hydrogen, carbon monoxide, and 
hydrocarbons had been studied by means of analytical and pyrometric observations only, 
no attempts having been made to utilise flame spectra (apart from some early experiments 
by Haber’s pupil A. Reis on the flames of some nitrogen compounds), these authors under- 
took for the first time a systematic examination of possible flame-reaction processes in the 
light of band-spectroscopic and thermal data. The characteristic ultra-violet band 
system produced by flames of hydrogen and its compounds (the “ steam band” system 
of early spectroscopy) was now known to have its origin in the hydroxyl radical, and 
Bonhceffer in Haber’s laboratory had just proved its free existence as a product, with 
hydrogen, of the thermal dissociation of steam at 1250°. These facts together with thermal 
considerations led them to the firm conviction that the hydroxyl radical played an essential 
réle in the flame reactions. The alternative oxidation stages, H,O, and HO,, had been 
proposed two years earlier by Marshall and Taylor, who suggested that the mercury- 
sensitised photochemical union of hydrogen and oxygen at ordinary temperature yielding 
hydrogen peroxide proceeds by the chain mechanism (a) O, + H = HO,, (6) HO, + H, = 
H,O, + H, but Haber found himself unable to accept these compounds as stages of the 
ordinary high-temperature reaction owing to lack of experimental evidence of their actual 
presence (the production of hydrogen peroxide by the ice-chilled flame was regarded as 
no proof of its existence in the normal flame). At this time the characteristics of chain 
reactions were well known and the general theory had just been developed by Semenoff. 
Assuming flame reactions to be of this type, Haber and Bonhoeffer proposed the first chain 
mechanism for the combustion of hydrogen. Their scheme gained wide acceptance and 
held the field for many years, stimulating much research on this complex question. They 
were careful to employ only reaction components for the presence of which there was 
satisfactory experimental evidence, and reactions that were thermochemically probable. 
Further, their discussion of the possible elementary processes was informed by the new 
principle according to which those involving atoms or radicals require little or no activation 
energy. The ‘“ Haber chain,” as it came to be called, was propagated by the hydroxyl 
radical and hydrogen atom in accordance with the scheme I [as modified in 1930, the 
original process (a) having been H + O, + H = 20H]: 


(a2) H+0,+H, =H,0 + OH H + 0, +CO =CO, + OH 
(6) OH + H, = H,O+H OH + CO =CO,+H 
Scheme I. Scheme II. 


Haber naturally considered in place of (a) the coupled binary collision processes,* 
(i) H+ O,=HO,; (ii) HO, + H, = H,O+ OH but preferred the ternary process 
because it avoided the hypothetical molecule HO,. The most probable chain-starting 
process was regarded as H, + O, = 20H, and the dissociation of hydrogen molecules by 
collision with high-energy primary products was not overlooked. Chain branching was 
provided by the reactions H + O, = OH + O and O + H, = OH + H, and breaking 
occurred at the walls and by the recombination of atoms or radicals. The testing of this 
theory led Haber to make some striking discoveries. The introduction of hydrogen 
atoms into a mixture of hydrogen and oxygen led, as expected, to explosion at temper- 
atures far below the normal ignition temperature. The small but sufficient concentration 


* Compare the Marshall and Taylor scheme in which the second stage yields H,O, + H. 
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of atomic hydrogen was produced not only directly, by passage of hydrogen gas through a 
tungsten arc on its way to a vessel of oxygen, but also indirectly by the photochemical 
decomposition of ammonia or hydrogen sulphide present in small proportion in the 
explosion mixture. Oxygen atoms produced by similar methods were also very effective 
chain starters. In the case of photosensitisation by ammonia the remarkable discovery 
was made that a short irradiation induced-a relatively slow dark reaction culminating in 
explosion at the point where the rate of chain branching overtakes that of breaking. 
This particular case was, as Haber recognised, complicated by the probable participation 
of the radical NH, as well as atomic hydrogen. In all these experiments practically the 
same results were obtained when undried carbon monoxide was substituted for hydrogen. 
The remarkable similarity in behaviour of the two systems led Haber to adopt the same 
mechanism (Scheme II) of combustion for undried carbon monoxide as for hydrogen, and 
this scheme gained general acceptance. The many researches of the decade following 
Haber’s entry into this field in 1928 have, broadly speaking, upheld and developed his 
main ideas. Studies on the combustion of hydrogen have brought into prominence the 
transitory molecule HO, as an intermediate product and favoured binary rather than 
ternary collision processes, but full agreement as to the details of the mechanism of this 
complex reaction has hardly yet been reached. It is a remarkable testimony to Haber’s 
chemical insight and power to apply new physical concepts that his original reaction scheme 
should have held with so little essential modification. 

At the outset of Haber’s investigations in this field Hinshelwood and Thompson 
discovered the low-pressure explosion region for hydrogen. At temperatures well above 
500° hydrogen-oxygen mixtures combine explosively, but in the neighbourhood of this 
temperature slow combination occurs almost wholly on the walls of the containing vessel. 
If, however, in this temperature region the pressure of the gas mixture is gradually lowered, 
explosion occurs at a definite critical pressure, this upper pressure limit #, being about 
100 mm. at 550°. As the pressure is still further reduced, a lower pressure limit p, (a few 
mm. only at 550°) is reached below which inflammation does not occur.* A similar low- 
pressure explosion region had previously been discovered by Semenoff in the case of the 
combustion of phosphorus, and subsequent investigations on various substances (including 
the case of carbon disulphide by Thompson in Haber’s laboratory) have shown the 
phenomenon to be general. Why should explosion develop so suddenly at a sharply 
defined pressure? To answer this question Haber proposed first to study the effect of 
eliminating any influence of the surface of the containing vessel. To this end, in collabor- 
ation with Alyea, he caused a stream of oxygen to impinge at right angles upon a stream of 
hydrogen in an atmosphere of nitrogen under controlled conditions of temperature and 
pressure.t Above 560° and at atmospheric pressure homogeneous ignition occurred, but 
when conditions were such that the confluent gases were within the low-pressure region of 
explosion in a containing vessel, ignition did not take place. If, however, a rod of quartz, 
porcelain, or glass at the same temperature as the gas mixture was introduced at the 
crossing place the gases immediately inflamed as if lit by a match, and the flame went 
out again on removing the rod. By these experiments it was established for the first 
time that, although at high temperatures reaction chains can start in the gas phase, yet 
in the explosion region of low pressure and reduced temperature the chains originate 
mainly on the walls whence they go out into the gas as branching chains. Previously, 
surfaces had been supposed to have a chain-breaking effect only. On the basis of this 
discovery, Haber attempted to explain the two pressure limits. The lower pressure he 
considered to be the limit of flame propagation by the chain mechanism, very sensitive to 
diminishing pressure on account of its triple collision stage (according to present-day 
views, p, is determined by the predominance of chain breaking on the walls). He inter- 
preted the upper limit by supposing that with increasing pressure the number of effective 
reaction centres entering the gas from the surface diminishes owing, according to his first 
suggestion, to their back reflexion by the gas and re-adsorption, an ide a which, however 

* See ‘‘ The Reaction between Hydrogen and Oxygen,” C. N. Hinshelwood and A. T. Williamson, 


Clarendon Press, Oxford, 1934. 
t The method of crossed streams was first tried by von Wartenberg and Kannenberg in 1923. 
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he soon abandoned in consequence of his observation that ~, was appreciably influenced 
(in opposite senses) by pretreatment of the surface with hydrogen and oxygen. This gave 
rise to the idea, expressed by Alyea, that, owing to its firm adsorption at higher pressure, 
few chain-starting hydrogen atoms are released into the gas, but as the pressure falls to p, 
the replacement of hydrogen by adsorbed oxygen liberates sufficient hydrogen atoms to 
initiate explosion. Haber’s proof that in the low-pressure region chains start from the 
walls does not imply that the pressure limit ~, is determined by surface effects, and it is 
now generally agreed that a decreased rate of chain-branching im the gas phase with 
increasing pressure is responsible for the upper pressure limit. 

Haber considered the possible réle of other radicals present in flames. The band 
spectra of burning carbon monoxide (undried) and hydrocarbons were known to have as 
their sources not only hydroxyl but also the radicals dicarbon C, (the green-blue Swan 
bands) and methine CH (blue-violet). It was shown in Haber’s laboratory that these 
radicals could be formed at ordinary temperature by the action of atomic hydrogen or 
oxygen on hydrocarbons (except methane). An interesting outcome of these studies was 
Haber’s suggestion that in the flame the hydrocarbon molecule may be stripped down to 
CH or C, radicals by successive reactions of the type C,,H, + H = C,,H,-, + H, and 
C,H, + OH = C,,H,-,; + H,O. Of great interest also is his proposal of a two-stage 
combustion of dicarbon, (i) C, + OH = CO+ CH; (ii) CH + OH = CO + H,, which 
might, he thought, account for the change of colour of the Bunsen inner cone from green 
to blue as the air supply is increased. These suggestions have not been developed and 
little is known of the réle of the C, and CH radicals. It will be recalled that Haber’s 
earliest studies of the Bunsen flame led him to associate the relatively high electrical 
conductivity of the inner cone with its enormous reaction rate and its luminosity, and he 
was at first inclined to think that gas ions, as such, played an essential part in the reactions 
of the explosion zone. He was now able to establish that gas ions play no such réle, and 
this conclusion is generally accepted. The nature and origin of this ionisation remains an 
open question. 

Amongst Haber’s further studies in this field may be mentioned his discovery of the 
extremely rapid conversion of para- into ortho-hydrogen on passing through the flame 
front (compare the rapid establishment of the water-gas equilibrium on passing through 
the Bunsen inner cone); the widening of the explosion region by magnesia dust; diffusion 
effects in flame; the explosion of air charged with a mist of liquid fuel; and the behaviour 
of acetylene in internal-combustion engines. 

The problem of autoxidation occupied an important place in Haber’s scientific career. 
Attracted to this field during his early association with Carl Engler at Karlsruhe, he 
succeeded as far back as 1900 in throwing new light on the question by studying it from 
an electrochemical point of view. Various aspects of oxidation by free oxygen (e.g., in 
flame and explosion) occupied his attention until, thirty years later, he again took up the 
question of wet autoxidation and found in its investigation the main interest of his last 
years. These researches, in spite of his serious ill-health, show all his characteristic 
vigour and insight and are remarkable for their wealth of new ideas and suggestions for 
future development. His last paper, which he completed at Cambridge a few days before 
his death, was connected with this theme. 

Early theories of autoxidation were directed to the explanation of induced oxidation 
and the equal sharing of the absorbed oxygen between the ‘‘inducer’’ (M) and the 
“acceptor ’’ (X), this equal sharing being regarded as the characteristic feature of the 
process. The splitting of an oxygen molecule, M + O~—-O + X = MO + XO (where X 
was commonly H,O), appeared improbable at ordinary temperatures. The difficulty was 
met by Moritz Traube’s scheme: M +4 2HO--H + O, = M(OH), + H,O,, and this was 
later eclipsed by the “‘ moloxide’’ (or peroxide) theory of Engler, Wild, and Bach: 
(a2) M+ 0, = MO, followed by (6) MO,+ X+=MO-+ XO. This theory had the 
advantage of wide applicability and, further, the peroxide could sometimes be isolated 
and shown to react with water (X) giving hydrogen peroxide (XO). Haber made an 
illuminating contribution to the subject of wet autoxidation by the study of galvanic cells 
M|M”; (H,SO, aq.); H,O,|Pt(O,), in which anodic oxidation of the base metal M (or an 





[1939] Coates: The Haber Memorial Lecture. 1669 


oxidisable solute at an inert electrode) is associated with the cathodic process: 
2H" + O, + 2e == H,O,, the cell reaction being the typical wet autoxidation: 
M + 2H’OH’ + O, = M(OH), + H,O,. He laid great stress on the fundamental nature 
of this concept. It is significant that at this early stage he recognised the connection 
between such oxidation reactions and electrochemical elementary processes, for this idea 
formed the kernel of his last researches. A generation later he again took up this problem 
in the light of the new principles of reaction mechanism to which he had himself so largely 
contributed. There was now no longer any difficulty about the participation of atoms 
and short-lived radicals. It is noteworthy that the first direct kinetic proof of primary 
“ moloxide ’’ formation had in the meantime been provided by Haber in his study of the 
reaction between sodium vapour and oxygen gas,* the mechanism of which was shown to 
be Na + O,(-+ X) = NaO,(+ X) (where X is a third energy-removing body), followed by 
rapid combination of the moloxide with sodium to give the final product. 

In 1928 Haber took up the study of the oxidation of sodium sulphite in aqueous 
solution by free oxygen. His interest in autoxidation was strongly revived by Backstrém’s 
discovery of the chain character of this reaction. The nature of the chain was unknown. 
Having just worked out the chain mechanism of the gaseous oxidation of hydrogen, he 
set out to discover that of sulphite oxidation by the application of similar ideas. The 
main features of this reaction, the most thoroughly investigated of its type, were its 
acceleration by copper salts, by ultra-violet light, and by oxidising agents. Guided by 
the thought that all three agencies might produce the same chain-starting radical, Haber 
was led to postulate the unknown weak “‘ monothionic acid ’’ HSOs, or its anion SO,’, as 
the essential radical,f since all three agencies in the absence of oxygen were found to 
yield sufficient dithionic acid to warrant this assumption. Every aspect of both the 
thermal and the photochemical reaction was worked out in great detail by a team of 
experienced men. It was the study of this special case which led Franck and Haber to 
propose an important modification of Franck’s original interpretation of the absorption 
spectra of anions as electron-affinity spectra. The absorption of alight quantum previously 
associated with a single electron transfer from anion to solvent water now involved its 
transfer from anion to a molecule of bound (hydrate) water whereby in the one act a 
hydrogen atom and a hydroxyl ion were formed. This concept of the change of position 
of an electron in a molecule was significant for the general question of activation in chemical 
reaction. In the case of sulphite the photochemical primary act was thus SO,”,H,O + 
hv —-> SO,’ + OH’ + H, the chain starting from HSO, and not, as at first supposed, 
from a photo-excited molecule. The action of copper ions was similar : Cu” + SO,’ —> 
Cu" + SO,’—-> HSO,; in fact, the essential chain-starting process was always 
SO," — e = SO,’.  Haber’s sulphite oxidation chain ran parallel with that which he 
proposed for flame reactions, the chain carriers being HSO, and OH : 


HSO, + 0, + SO,” + H,O =280,"+2H'"+OH .. . (1) 
OH + SO,” +H'=OH’+HSO, ..... (2) 


Although this special mechanism bore no implications for autoxidation processes 
generally, nevertheless Haber regarded it as embodying general features which served to 
co-ordinate oxidation-reduction reactions of apparently different character, including 
biologically interesting reactions with oxygen and water under the influence of enzymes. 
The essential primary process is the “‘ univalent ’’ oxidation of substrate by catalyst to an 
unsaturated radical R, (e.g., HSO,) which, in link 1, undergoes its second univalent oxid- 
ation to reaction product whereby a second radical R, (e.g., OH) is formed having the pro- 
perties of a univalent oxidiser; in link 2, R, effects univalent oxidation of substrate with 
re-formation of R,. The desoxy-catalyst reverts to normal by some oxidation process 
and starts new chains. In conjunction with his friend Willstatter he demonstrated the 


* See p. 1665. 
+ First suggested in 1912 by Baubigny to explain the reaction of sulphites with copper salts in the 


absence of oxygen. 
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wide applicability of this principle. The enzymatic oxidation of alcohol * may be given 
as an example : 


Start : CH,*CH,-OH + enzyme = CH,°CH-OH(R,) + monodesoxyenzyme 
(1) CH,°CH-OH(R,) + CH;°CH,-OH + O, = 2CH,-CHO + OH(R,) + H,O 
(2): OH(R,) + CHs-CH,-OH= CH,-CH-OH(R,) + H,O 


These ideas were not worked out in detail but were intended to suggest that the basic 
principle of univalent reaction steps might lead to a better understanding of complex 
oxidation-reduction reactions and especially those of biochemical interest. They aroused 
much discussion among biochemists. Here we see again the strong interest which Haber 
always maintained in organic and biochemical processes. 

The discussion of these principles in relation to peroxidase and catalase reactions led 
Haber to take up what proved to be his last research, namely, a kinetic study of the decom- 
position of hydrogen peroxide catalysed by iron salts. His masterly analysis of this com- 
plex reaction brought out a point to which he attached great general significance, viz., that 
a small alteration of conditions may change the mechanism from a chain reaction to 
a radical reaction or vice versa. Here again his idea of univalent reaction steps and single 
electron-transfer processes proved its importance for the mechanism of reactions in solution. 


In taking a broad view of Haber’s life and work one is struck by his versatility. Begin- 
ning as a typical organic chemist of his time, there is hardly any important branch of physical 
chemistry to which he did not make contributions of a fundamental nature, and his interests 
extended to border regions touching physics, biochemistry, and agriculture. All his life 
he was strongly imbued, as he tells us in his Nobel Prize lecture, by Fichte’s idea “ dass der 
nachste Zweck der Wissenschaft in ihrer eigenen Entwicklung, der Endzweck aber in dem 
gestaltenden Einflusse gelegen ist, den sie zu rechter Zeit auf das allgemeine Leben und 
die ganze menschliche Ordnung der Dinge iibt.”” This dual conception of science was a 
determining factor in his career. Its danger to a man of his versatility was superficiality, 
but Haber was the very opposite of superficial. A notable feature of his scientific life is 
that it reflects the main developments of physical chemistry over a period of forty years. 
His interests were always those of his time and remained so with advancing years. 

Haber was more than a great leader of science—he was a great man. His rich, full life, 
the institutions he made, his services to his country, even his failures—all were on the 
grand scale. His vigorous personality made a strong and lasting impression. He aroused 
great affection for himself in those who came to know him, yet some there were who 
could not like him. One’s personal reaction to him was always strong. His forceful 
nature was softened by a deep humanity and kindheartedness. With large-hearted gener- 
osity he was always ready to help others, and to this end no effort was too great for him. 
Though by nature impulsive and temperamental, he never allowed this to affect his dealings 
with men. On the contrary, reason and common sense always prevailed; in fact, one of 
his most notable qualities was his capacity for finding a happy way out of the most difficult 
situations. This contributed greatly to his success in the many public activities which 
he undertook. Again, while his natural tendency was towards autocratic control, which 
he exercised with such conspicious success during the war, yet in normal times he deliber- 
ately adopted the opposite method of giving the maximum freedom and independence to 
men whom he had chosen with care. Thus he could exercise a gentle but very real leader- 
ship in a way that excited the wonder and admiration of all. 

Of Haber’s outstanding qualities none was of greater significance than his immense 
capacity for work and sustained concentration. This power contributed in no small 
measure to his early success and rapid recognition, and it remained just as strong in his 
last years. Strenuous effort, often to the limit of his physical endurance, was a deeply 
ingrained habit. He could never relax completely. Idleness was unbearable—his mind 
had to be continually exercised. Even holidays brought him no true rest, for he insisted 
on knowing and seeing everything. Foreign travel, of which he was so fond, attracted him 


* For an experimental test of this theory see H. S. Taylor, J. Amer. Chem. Soc., 1933, 55, 859. 
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mainly because of the new fields of study which it afforded. Beauty in Nature made no 
deep impression on him. A characteristic mental relaxation from the world of science and 
affairs was one which exercised his mind in a different way. From his early schooldays to 
the end of his life he delighted in the writing of occasional verse. His verses vary in quality 
—one often sees in them too much striving after unusual and clever effects—but some 
undoubtedly reach the level of true poetry. These writings were very precious to him 
and he took great pains in their composition. The following verse is quoted as typical and 
at the same time highly characteristic of Haber. He wrote it in a gift copy of Thomas 
Carlyle’s ‘‘ French Revolution ”’ : 


Wer, von den Einzelnen tief hingenommen, 
Sich schaffend wiinschend leidenschaftlich regt, 
Dem wird das allgemeine bald verschwommen, 
Das uns alleine dauernd hebt und tragt. 

Dann mindert sich Gesundheit, Frohsinn, Frische, 
Zur Qual wird was uns steigert und erhebt ; 

Es ekelt uns am reichbesetzten Tische, 

Weil Uberreizung jeden Reiz begrabt. 

Dann muss man lesen von den grossen Dingen, 
Wie sie ein rechter Meister vor uns stellt, 

Bis wieder still harmonisch in uns klingen 

Die engen Saiten dieser Menschenwelt. 


Haber was not, as these lines might suggest, a man of the contemplative type; quite 
the reverse, for his life was pervaded by energy, purpose, and above all, action. If he 
tended to be fretted by minute details, this was due only to his desire to see through them 
to the broad and general. His scientific work was never lacking in thoroughness and 
attention to detail. It is true, however, that he found no deep interest in the minutiz 
of experimentation as such. He liked his men to be clever experimenters and greatly 
appreciated good work by them, but he expected them to work out the finer details. In his 
writings, however, he always attached great importance to finding the exact word, the 
precise turn of expression, the striking phrase, and he took infinite pains to this end. His 
varied activities after the war involved the writing of many speeches and articles, some of 
which are to be found in his two volumes of collected essays.* Perhaps his most brilliant 
speech was that in memory of Liebigt for it was inspired by sympathy with a spirit closely 
akin to his own. 

Haber’s sensitive nature reacted strongly to circumstances. Success moved him 
deeply and had a most stimulating effect, but failure he took very hardly. The outcome 
of the war was for him the supreme tragedy that permanently affected his life. In the years 
that followed he was beset with ill-health and many troubles, and apt to be depressed 
thereby, but his buoyant spirit and strength of purpose always prevailed and nothing was 
allowed to stand in the way of his work. His most deep-seated passion was love of his 
country and zeal to serve his Fatherland, not in war only but at all times. His great 
efforts to uphold the cultivation of science and the gold episode come to one’s mind. On 
the other hand we see in his splendid work for the promotion of international good-will 
amongst chemists that his was no narrow patriotism. To quote from one of his speeches, 
“We can make progress in many parts of the world if we learn the lessons of the war we 
lost—that we are not the centre of the world, that we must concern ourselves about others 
and consider their interests.’’ With his intense interest in other lands and peoples went a 
deep Heimatsgefiihl, and he could never be permanently happy in any country but Germany. 

Haber’s first wife, who died in 1915, was Dr. Clara Immerwahr, an able pupil and 
collaborator of Abegg in Breslau. They had one son. In later life he married Charlotta 
Nathan and there were two children of this marriage. 

Haber received many honours, not only at home but also in America and Japan as 
well as in European countries. He enjoyed the high title of Geheimer Regierungsrat. 
Medallist of a number of learned societies and honorary member of the leading chemical 

* “ Fiinf Vortrage,”’ 1924; ‘‘ Aus Leben und Beruf,” 1927 (Berlin, Julius Springer). 
t+ Z. angew. Chem., 1928, 41, 924. 
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societies of the world as well as in Germany, he greatly valued his honorary fellowship 
of our Society and the award of the Rumford Medal of the Royal Society. As president 
of the German Chemical Society he distinguished himself by his vigorous action to meet 
the financial difficulties of the period. 

The break up of Haber’s great research institution began in 1933 as a consequence of 
the anti-Jewish policy of the National Socialist Government. Some of the ablest members 
of the Institute were of Jewish race, and in the difficult and complicated situation that 
arose Haber felt constrained to resign, and his resignation was accepted. This great 
German chemist, soldier, and patriot had become—the Jew Haber. Let us read his 
letter of farewell to the members of his Institute: ‘‘ For twenty-two years the Institute 
under my direction has striven to serve mankind in time of peace and the Fatherland in 
war. So far as I can judge it has succeeded in advancing science and defending our 
country. This success is due to the happy choice and creative power of my collaborators. 
I thank you all and hope that under new direction the Institute will find equally able men to 
carry on its work and maintain its standing in the world of science.”” Without home and 
country, Haber’s first thoughts were for those of his colleagues who found themselves in a 
similar plight. He succeeded in placing many of them, and only then did he, a very sick 
man, retire to a sanatorium in Switzerland to consider his own future. Soon afterwards 
he was invited to the University of Cambridge, where he lived and worked for four months. 
Though weighed down by his distressing illness, his indomitable spirit would not yield. 
Towards the end of the year, in spite of the entreaties of his family he delayed his departure 
to the South for the winter in order to complete a paper on his last research. This done, 
he left England in January 1934, but in Basle was struck down by a severe heart attack. 
Even then he would not rest and eagerly discussed with his son plans for future research : 
but he grew rapidly worse and died two days later. 

All who knew him will remember with lasting affection the man who enriched their 
lives. He will live as a great chemist and be honoured for his services to mankind. In 
his heart he wished to be remembered as, in peace and war, the servant of his country. 


Grateful acknowledgement is made to the relatives and many friends of Haber for 
their kind assistance. I am particularly indebted to Haber’s sister, Mrs. Freyhan, and 
his elder son, Dr. Hermann Haber, also to Sir William Pope, Sir Harold Hartley, Dr. F. 
Epstein, Professor H. Freundlich, Dr. E. Berl, Professor G. Bredig, Dr. A. Mittasch, 
Dr. H. Pick, Dr. O. H. Wansborough-Jones, and Dr. J. Weiss. Reference may be made 
to appreciations of Haber’s life and work by Professor Max Bodenstein (Sitzungsber. 
preuss, akad. Wiss., 1934; Z. Elektrochem., 1934, 40, 113), Prof. W. Schlenk (Ber., 1934, 
67, 20), Professor Bonhoeffer (Chem.-Zig., 1934, 58, 205), Professor H. Grossmann (ibid., 
1928, 62, 953). The issue of Die Naturwissenschaften, 1928, 16, 1051—1078, celebrating 
Haber’s sixtieth birthday, contains contributions by R. Willstatter, H. Freundlich, G. von 
Hevesy and O. Stern, E. Terres, R. Le Rossignol, M. von Wrangell and J. Franck. A 
bibliography of Haber’s works is appended to an appreciation by Dr. E. Berl (Z. Elektro- 
chem., 1928, 34, 797). 

The etching facing p. 1642 and the photograph facing p. 1661 are dated 1911 (age 43) 
and 1928 (age 60) respectively. 


The following is a list of Haber’s books : 


‘“‘ Grundriss der technischen Elektrochemie auf theoretischer Grundlage,’”’ Miinchen, R. Olden- 
burg, 1898. . 

** Thermodynamik technischer Gasreaktionen,’’ Miinchen, R. Oldenburg, 1905. 

English translation of the latter by A. B. Lamb, Longmans, 1908. 

“‘ Die elektrolytischen Prozesse der organischer Chemie ” (Unter Mitwirkung von F, Haber), 
A. Moser, Halle, W. Knapp, 1910. 

“ Aus Luft durch Kohle zum Stickstoffdiinger, zu Brot und reichlicher Nahrung,” E. Ramm, 
N. Caro, and F, Haber, R. Oldenburg, 1920. 

“‘ Fiinf Vortrage aus den Jahren 1920—1923,” Berlin, J. Springer, 1924. 

“ Aus Leben und Beruf, Aufsitze, Reden, Vortrage,’’ Berlin, J. Springer, 1927. 
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343. The Isotopic Exchange Reaction between Deyterium Oxide and 
cis- and trans-Glutaconic Acids. 


By E. M. Evans, H. N. Rypon, and H. V. A. Briscoe. 


The exchange reactions between cis- and tvans-glutaconic acids and deuterium oxide 
in the presence of an excess of alkali have been studied. The results clearly show that 
three hydrogen atoms are concerned, a result in accordance with modern views on 
tautomerism. It has been found possible to obtain an estimate of the mobility of this 
very simple ‘‘ crypto-tautomeric ”’ system, which is not susceptible to study by ordinary 
methods. A special mechanism, involving hydrogen-bond formation, is advanced to 
explain the observed greater velocity of isotopic exchange in the case of the cis-acid. 


In the field of organic chemistry deuterium has perhaps found its most successful application 
in the study of tautomerism. Experiments on isotopic exchange in the vinylacetic—crotonic 
acid system led to the first definite proof that three-carbon tautomerism could not be purely 
intramolecular in mechanism (Ives and Rydon, J., 1935, 1735). A further insight into the 
mechanism of this type of tautomerism was afforded by the exchange experiments of 
Ingold, de Salas, and Wilson (J., 1936, 1328), who showed that the tautomerism in the 
cyclohexenylacetonitrile—cyclohexylideneacetonitrile system was definitely bimolecular in 
mechanism. By the work of Ives (J., 1938, 91) this mechanism was later shown to hold 
also for the vinylacetic-crotonic acid system. 

Isotopic exchange has thus proved to be a potent weapon for elucidating the intimate 
mechanism of tautomeric change. There exists, however, one type of tautomerism which 
cannot even be detected by the methods of organic chemistry. This type of tauto- 
merism, for which the name “ crypto-tautomerism ”’ is suggested, arises when, owing to 
symmetry, the tautomeric individuals are identical. For instance, ordinary methods are 
unable to detect tautomerism in the symmetrical three-carbon system X-CH,-CH:CHX => 
X-CH:CH-CH,X, of which the simplest case is that of glutaconic acid (X = CO,H). 

It is known that isotopic exchange in methylene and methin groups is generally very 
slow in the absence of an ionising mechanism such as is provided by tautomerism (cf. 
Ives and Rydon, Joc. cit.; Ives, J., 1938, 81) and it seemed to us that isotopic exchange 
provided a suitable method for detecting and studying such cases of crypto-tautomerism. 
Glutaconic acid was chosen for this purpose, and the opportunity was taken to confirm 
the existence of its cis-form, isolated by Malachowski (Ber., 1929, 62, 1323). 

The exchange reactions of the glutaconic acids were first studied in 10% deuterium 
oxide solution in order that the kinetics could be suitably followed and the extent of the 
exchange found. At the same time it was considered desirable to determine exactly the 
number of hydrogen atoms taking part in the exchange so that no doubt could exist on this 

int and on the question of the partition ratio, a course which has not always been fol- 
lowed by other workers. Accordingly, the experiments were repeated in 92% deuterium 
oxide because, as can be ascertained by calculation, the effect of the partition ratio is 
reduced to a minimum in concentrated deuterium oxide solutions. In this manner it 
was possible to determine with certainty the number of exchanging hydrogen atoms. 

The exchange reaction with glutaric acid was also studied in order to establish that 
methylene groups exchanged only slowly even when present in a molecule containing two 
activating groups such as carboxyl. 

EXPERIMENTAL. 


Preparation of Materials.—ivans-Glutaconic acid was prepared by the method of Conrad 
and Guthzeit (Annalen, 1883, 222, 249) and recrystallised several times from ethyl acetate 
containing a little light petroleum (b. p. 60—80°), m. p. 136° [Found: equiv. (by titration), 
65-7. Calc.: equiv., 65]. Gidvani’s method (J., 1932, 2666) did not give satisfactory results in 
our hands. 

cis-Glutaconic acid was prepared by hydration of the hydroxy-anhydride by the following 
modification of Malachowski’s method (loc. cit.) : 0-5 g. of the hydroxy-anhydride was added, 
with shaking, during 2 hours to 30 c.c. of water kept at 10—12°; the resultant solution was kept 
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at 10° until it no longer gave a green ferric chloride reaction (about an hour). The solution was 
then decolorised with charcoal (in the cold), and the water removed by rapid distillation in a 
high vacuum into a receiver cooled to — 78° in alcohol and solid carbon dioxide. Eight such 
experiments gave 3-8 g. of crude cis-acid; several crystallisations from ether gave the pure 
acid, m. p. 135°, depressed on admixture with the tvans-acid to 117°. 

Glutaric acid was prepared by Knoevenagel’s method (Ber., 1894, 27, 2346) and crystallised 
from benzene to m. p. 98°. 

Standard Solution.—A quantity of 10% deuterium oxide solution was prepared by dilution 
of a 99-6% solution, and its deuterium content determined. An accurately 1-050n-sodium 
hydroxide solution was then prepared from “‘ AnalaR ” sodium hydroxide and this 10% deuter- 
ium oxide, and standardised against sulphuric acid by a microvolumetric method. 

Exchange Experiments.—The general procedure in the exchange reactions was to treat the 
acid with 5 mols. % excess of sodium hydroxide in n-solution at 20° (i.e., in approximately 
0-050n-alkaline solution). For this purpose 10 c.c. of the above standard solution were run into 
a tube containing 0-01 equiv. of the acid (i.e., 0-6505 g. in the case of the glutaconic acids). The 
tube was then sealed, and placed in a thermostatic bath at 20-04° (+ 0-01°). At the end of the 
given time the tube was opened, and solid silver nitrate added in quantity slightly greater than 
that calculated to react with the glutaconate and the excess alkali present. This was found to 
be a much more satisfactory method of removing hydroxy] ions from solution than the commonly 
used method of neutralisation with acid. Moreover, the glutaconate ions were also instantane- 
ously removed from solution, so that the mixture of silver glutaconate and oxide could be 
quickly collected on a sintered-glass crucible. In a preliminary investigation 99-6% of the 
glutaconic acid was thus precipitated as silver glutaconate. 

The precipitate, after several washings with 10% deuterium oxide, was dried at 130° for 5 
hours, transferred to a porcelain boat, and kept overnight in a vacuum over phosphoric oxide 
in a vacuum desiccator. The dry mixture of silver glutaconate and silver oxide so obtained was 
in a very suitable form for combustion, whereas, when the sodium salts of acids are used for 
combustion, there is always the danger of errors being introduced owing to the hygroscopic 
nature of the salts. 

In the experiments with glutaric acid, 0-6605 g. of th: acid was treated with 10 c.c. of the 
standard solution at 20° (i.e., under precisely the same conditions as with glutaconic acid). In 
this case, however, neutralisation at the end of the required time was effected by adding the 
calculated quantity of oxalic acid. The solvent was then removed by vacuum distillation, the 
residue dried at 100° in a vacuum for 6 hours, and then over phosphoric oxide in a vacuum 
desiccator overnight prior to combustion. This method, with modifications, was also used in 
the experiments with glutaconic acid and 92% deuterium oxide. 

A clean piece of sodium, which had been weighed, was allowed to dissolve slowly in 10 g. of 
the 92% D,O contained in a tube; this was then weighed, and a suitable weighed quantity of 
glutaconic acid added so that sodium hydroxide remained in excess. The solution was then 
heated at 100° and, at the end of the given time, the calculated quantity of oxalic acid required 
to neutralise the excess of hydroxide was added. The solvent was removed, and the residue 
heated at 200° in a vacuum for 4 hours in order to remove the last traces of water and, also, 
traces of excess oxalic acid if present. The residue was then divided into two portions, which 
were burnt and analysed separately. 

Combustion of the Salts.—The combustion of the salts was carried out in a large combustion 
tube (13 mm. internal diameter), packed in the usual manner with coarse copper oxide which was 
maintained at a dull red heat, and through which a slow stream of pure dry oxygen passed. 
The combustion water was collected in a U-tube cooled to — 78°, followed by another similarly 
cooled U-tube to ensure complete recovery of the water. At the end of the combustion the 
apparatus was evacuated, and the combustion water distilled into a small capped tube for 
weighing. 

Isotopic Analysis —A modified micro-flotation method was used in the isotopic analysis. 
As the weight of combustion water available was only of the order of 0-1—0-2 g. a simple and 
accurate method was devised for diluting these samples and then estimating the density of the 
diluted solutions. 

The dilution and purification apparatus, constructed in Pyrex glass, is shown in Fig. 1. 
Section J was of Jena glass packed with copper oxide which was maintained at a dull red heat 
by means of an electric furnace, and bulb C contained a small quantity of silver oxide which had 
previously been dried at 100° ina vacuum. The glass-wool plugs E and F served to prevent any 
possibility of dust (e.g., copper oxide) being transported through the apparatus during distill- 
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ations, and the flotation vessel M was of the type described by Anderson, Purcell, Pearson, King, 
James, Emeléus, and Briscoe (J., 1937, 1492), except that the float was considerably smaller, 
viz., 13 mm. x 1mm. The cleaning of the whole apparatus, except the furnace J, was also 
carried out as described by the above authors. Trap L, cooled to — 78°, served to isolate the 
pump from the apparatus and to admit dry air into the latter. The procedure was as follows : 
The tube B, taken from the combustion apparatus and containing a weighed quantity of com- 
bustion water, was introduced into the tube A containing a suitable weighed quantity of ‘‘ light ” 
water. The apparatus was then evacuated by means of a ‘‘ Hyvac”’ pump, the trap G having 
first been cooled to — 78° to collect the small head fraction distilling over during the evacuation. 
Tap H was closed, and the cooling bath removed from G to C, as a result of which the com- 
bustion water and dilution water were distilled together through the copper oxide furnace into 
the bulb C containing the silver oxide. The distillation proceeded smoothly without bumping, 
and when it was complete (4—5 hours) the bulb C was withdrawn and capped, the ice 
allowed to melt, and the solution thoroughly shaken with the silver oxide. 


Fie. 1. 
7o pump 
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The plug D was then inserted in place of C in position I, the flotation vessel M in position II, 
and the apparatus once more evacuated to dry the flotation vessel. Dry air was admitted, bulb 
C again inserted in position I, and the diluted combustion water solution distilled into the 
flotation vessel M by evacuation and cooling. Dry air was again admitted, the flotation 
vessel removed and capped with tin foil, and the solution quickly poured into the side arm 
containing the dry float. The above precaution of inserting the flotation vessel in the apparatus 
only when the first distillation had been completed was observed because the float, when dry, is 
very sensitive to mechanical vibrations, more especially so as it is so small, and if it remained 
dry for 4—5 hours during a distillation the flotation temperature in standard water might 
be changed by as much as 0-01—0-02°. 

The flotation measurements were carried out in the usual manner in a thermcstatic bath, the 
temperature being read on a thermometer graduated to 0-05° which had previously been cali- 
brated against a standard. The flotation temperatures so obtained had an error of less than 
+0-01°. The float itself was standardised at regular intervals in purified “light ’’ water. 

The densities of water were obtained by reference to the International Critical Tables, and 
the mol.-fractions of deuterium oxide were calculated by using Luten’s formula (Physical Rev., 
1934, 45, 161), viz., Ad%” = 0-1078% — 0-0012%(1 — ~), the error due to the presence of 1*O in the 
heavy water being negligible. Allowance was made in the calculations for the change in volume: 
of the float with temperature. 

The precision of this technique may be illustrated by results obtained in the initial standardis- 
ation of the 10% deuterium oxide, the solution being first weighed into the tube B and then 
diluted and purified as described above for the combustion water. 


Expt. I. Expt. II. 
Wt. of heavy water taken (g.) —..........cececececcecesees 0-2017 0-2439 
Wt. of dilution water (g.) gub nareneetitoderes 0-5711 0-7947 
Flotn. temp. in dilu heavy SHUM wscacstescuvvisienn rs 27-94° 27-02° 
Flotn. temp. in standard water .............ceeceeseeeeees 16-44° 
Excess density per million) . sedis dieee. 
Mol.-fraction of D,O in diluted heavy water 
Mol.-fraction of D,O in heavy water itis 
D/H ratio for heavy water sample .. PN SORE 
Mean value for D/H ratio sue desccccedbesce 
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Further, the technique is very adaptable, since it can be used for deuterium oxide solutions of 
any concentration whatever. In the case of the 90% D,O solutions, quantities of only 0-01— 
0-05 g. were used in the analysis with quite accurate results. 

Determination of the D/H Ratio in the Equilibrium Solvent after Exchange.—In the calculation 
of the partition ratio for the exchange, it was necessary to know the D/H ratio in the equilibrium 
solvent. The deuterium content of the initial 10% D,O solution had been accurately determined 
before the addition of the sodium hydroxide in the preparation of the standard solution, so that 
it was possible to calculate an accurate value for the D/H ratio in the equilibrium solvent taking 
into account the following factors: (i) the weight of ‘light ’’ hydrogen introduced into 10 c.c. 
of the solution in the hydroxyl group of the sodium hydroxide; (ii) the weight of ‘‘ light” 
hydrogen introduced into 10 c.c. of the solution in the carboxyl groups of the glutaconic acid ; 
(iii) the weight of deuterium lost from the solvent to the solute during exchange; (iv) the 
weight of ‘‘ light’ hydrogen gained by the solvent from the solute through exchange. 


TABLE I. 
Exchange reactions between the trans-glutaconate ton and 10% deuterium oxide. 


Conditions : 5 Mols. % excess of sodium hydroxide in n-solution at 20°; 
D/H ratio of equilibrium solvent = 0-1007. 


Time (hours) . 1 1 6 18 36 CO 240 


Wt. of combustion “water 

(g.) aad 0-1650 0-1612 0-1513 0-1670 0-1586 0-1624 
Wt. of dilution ‘water (e.) oon 0-4905 0-4787 0-4586 0-4988 0-4748 0-4890 
Flotn. —~— in diluted 

sample .. 17-91° 17-91° 20-96° 23-27° 24-00° 24-02° 
Flotn. temp. ‘in standard 

water ... 16-44° 16-44° 16-44° 16-46° 16-46° 16-46° 
Excess density (p. p. a) 256 256 861 1380 1556 1561 

in 


Mol.-fraction of D 
diluted sample ....... 0-002401 0-002401 0-008077 0-01294 0-01459 0-01464 


Mol.-fraction of D,O in com- 
bustion water . ob nda 0-00954 0-00955 0-03265 0-05183 0-05860 0-05902 


Exchange number . - 0-42 0-42 1-43 2-267 2-563 2-581 


Percentage of total exchange 
(calc. on the 10-day value) 16-1 16-1 55-33 87-83 99-28 100 


Results —The exchange numbers in Table I are the apparent numbers of hydrogen atoms 
per molecule exchanged on the assumption that no isotopic discrimination occurs. The graph 
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(Fig. 2) obtained from these values by plotting percentage interchange against time was found 
to represent a pseudo-unimolecular reaction with a velocity constant of 22-5 x 10+ min.+. 

In the corresponding data for the cis-glutaconate ion (Table IT), the excess of sodium hydroxide 
is given as only ‘‘ approx. 5 mols. % ”’ because the standard solution had been kept for several 
months in a glass container when these experiments were carried out, with the result that the 
alkalinity had diminished owing to attack on the glass. Since the results for trans-glutaconic acid 
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TABLE II. 
Exchange reactions between the cis-glutaconate ion and 10%, deuterium oxide. 


Conditions : Apprce. 5 mols. % excess of sodium hydroxide in N-solution at 20°; 
D/H ratio of the equilibrium solvent = 0-1007. 
Expt. I. Expt. IT. 
Time (hours) ... Ce duaucites veebesdbdeareea 
Wt. of combustion water (g.) . aie sb Sb nsd vabeb bias 0-1595 
Wet. of dilution water (g.) — .......sssseeseccescacceceeces 0-4745 
Flotn. temp. in diluted sample eon chonie wie seg aubebesity 18-92° 
Flotn. temp. in standard water ...... pasnecbeied 16-49° 
Excess density of diluted water (p.p. m. a 439 
Mol.-fraction of D,O in diluted water ............++8 0-00413 
Mol.-fraction of D,O in combustion water 0-0164 
Percentage of equilibrium exchange value 28 


(Table I) had been obtained when the standard solution was fresh, it was decided that, in order to 
compare the rates of exchange of the cis- and the tvans-glutaconate ion, the velocity constant for 
the exchange in the ‘vans-glutaconate ion must be determined again in the agedsolution, Accord- 
ingly, experiments were made immediately after the completion of the experiments with the 
cis-acid, and it was found that the velocity constant for the exchange with the tvans-glutaconate 
ion had fallen to 12-4 x 10“ min.-, i.e., by almost 50% of the value obtained when the solution 
was fresh. 
TABLE III. 


Exchange reactions between the trans-glutaconate ion and 92% deuterium oxide, . 
Conditions : 0-1Nn-Alkaline solution at 100°; time, 4 hrs.; mol.-fraction of D,O in the equilibrium 
solvent = 0-917. 

Expt. I. Expt. II. 


Wt. of combustion Water (@:) \ 4.0 sais. os bsd ice esc ces tbs bécccd Sbu ace coccsc ces cs see 0-0671 0-0748 
W,. of dilution! water (g.) | :dcesieiéce ode 00 o0sindd sop seleietb ace dbddds bed cosens occloddces 1-4145 1-4041 
Flotn. temp. in diluted sample secsoncenscophsiopegadaccetogpropsbbanapsess supacysce 29-40° 30-60° 
Flotn. temp. in standard water ...... reegignnssepaa+n<t+-eheuns ins aoagbaal 16-50° 16-50° 
Excess density of diluted water (p.p.m.) ba vestebes 

Mol.-fraction of D,O in diluted water 

Mol.-fraction of D,O in combustion water ..... “d 

Mean value for the mol.-fraction of D,O in the combustion water 


The results given in Table III enabled the number of exchanging hydrogen atoms to be 
determined with certainty. We can calculate the mol.-fraction of deuterium oxide to be ex- 
pected in the combustion water from 1, 2, 3, or 4 atoms interchange, and these values are shown 
below, together with the observed value. 

Atoms involved in interchange  ............+0 2 3 4 


Mol.-fraction of D,O expected ...........+0-25 0-24 0-47 0-677 0-88 
os rt GUONEVOE ~ Sag cscccouccsee” |) — _ 0-669 —_ 


There can clearly be no doubt that 3 hydrogen atoms only are exchanging, the results actually 
corresponding with an exchange of 2-96 hydrogen atoms per molecule. 
The data obtained in the experiments on the glutarate ion are given in Table IV. 


TABLE IV. 


Exchange reaction between the glutarate ton and 10% deuterium oxide. 


Conditions : Approx. 5 mols. % excess of sodium hydroxide in N-solution at 20°; 
D/H ratio of the solvent = 0-101; time, 24 days, 


Wt. of combustion water (g.) ......-.ecesenceeceeseececeececenesesees 0-2283 
Wt. of dilution water (g.) . .........ccceccccccccccccccescsqage coe cesses 0-6824 
Flotn. temp. in diluted water ..........s0se.scscesereceeceecesceeseeees : 
yy temp. in standard water ............sscccsccecesceccccccccscecs 

Excess density of diluted water (@. p. m. * od onepes ste-cne cqniess cones 
Mol.-fraction of D,O in the diluted sample ..............sseseeees 
Mol.-fraction of D,O i in the combustion water . 


DIscussIoNn. 


In considering the experimental results, we note first that the very slight exchange 
observed with glutaric acid (Table IV) leaves no doubt that the very marked exchange 
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observed under the same conditions with glutaconic acid must be due to some mechanism 
connected with the ionisation of the migrating hydrogen atom. 

It is of interest to evaluate the partition ratio (the ratio of deuterium to hydrogen in the 
exchangeable hydrogens divided by the same ratio in the solvent) for the exchange reaction 
between 10% deuterium oxide and the glutaconic acids. The sodium salt submitted to 
combustion contains four hydrogen atoms and hence, since we have shown that three 
hydrogen atoms interchange, if the atomic fraction of deuterium in the three exchanging 
positions is x, the mol.-fraction of deuterium oxide in the combustion water will be 

3x /[3(1 — x) + 3% + 1] = 3x/4 

In the case of the experiments with 10% deuterium oxide and trans-glutaconic acid the 
mol.-fraction of D,O in the combustion water was 0-05902. Hence x = 0-07869. There- 
fore the D/H ratio in the interchangeable positions = x/(1 — x) = 0-08541. Now, the 
D/H ratio in the equilibrium solvent was 0-1007. Hence the partition ratio 
= 0-08541 /0-1007 = 0-848. A similar calculation for the experiment with cis-glutaconic 
acid and 10% D,O gives the partition ratio as 0-845. This is again a partition ratio for the 
trans-acid into which form the cts-acid in solution has isomerised. These values may be 
compared with the value, 0-89, found by Ives (loc. cit.) for vinylacetic acid, and the value, 
0-67, found by Ingold, de Salas, and Wilson (loc. cit.) for the unsaturated nitriles. The 
closeness of our value to that of Ives and the large difference between this and the value of 
Ingold, de Salas, and Wilson seems to indicate some fundamental difference in the types of 
tautomerism. The difference may be due to the fact that our case and that of Ives are 
examples of extended keto-enol tautomerism, whereas the case studied by the other 
authors is an example of extended cyano-imino-tautomerism. It is, perhaps, hardly 
surprising that so fundamental a difference should reveal itself in this way. 

It has been shown above that the isotopic exchange reaction with tvans-glutaconic acid 
in the presence of 5 mols. % excess of sodium hydroxide in N-solution is pseudo-unimolecular 
with a velocity constant of 22-5 x 10“ min.-!. The time of half-interchange is 5 hours. 
Comparison of this value with the results of other workers shows that the glutaconate ion is 
an acid, in the Brénsted sense, of the same order of strength as acetone, and with a mobility 
greater than that of most tautomeric systems which have been investigated under like 
conditions. Cases of similar high mobility, apart from those of exchange with hydrogen 
in carboxy] and similar groups, are afforded by acetylacetone (Klar, Z. physitkal. Chem., 1934, 
B, 26, 335) and a number of heterocyclic acids (Erlenmeyer and Weber, Helv. Chim. Acta, 
1938, 21, 863; Erlenmeyer, Weber, and Wiessmerr, ibid., p. 1017) in alkaline solution and 
by pyrrole in acid solution (Harada and Titani, Bull. Chem. Soc. Japan, 1935, 10, 554; 
1936, 11, 465). This high mobility leaves no doubt that the tautomerism exhibited by 
glutaconic acid is of the “ bimolecular ’”’ class, 7.e., the proton and the anion have free, 
independent existence (cf. Wilson, 7vans. Faraday Soc., 1938, 34, 183). 

This tautomeric ionisation of the glutaconate ion occurs in the following manner : 


O. « 2 O O, a 86 a 
Sc€uica tu, c& = Notutrtine” 4+ Ht 
20 Noe 20” oe 


(I.) (II.) 


°0 a 8B O O—~N —_ &. 770 3° O a B 

Ses CHiCH-cG De-CH-CH-CH-E SoC, CH:CH-C 
e—’ ° CS) 

° (II.)  * = -0 (IV.) 9 9 (V.) 


The ion (II) so produced is obviously only one of two possible canonical structures, of which 
the other is (III), the two together making up the mesomeric ion (IV). Now the symmetry 
of the system requires that (II) and (III) contribute equally to the structure of the meso- 
meric ion. It follows from this that recombination of the proton with the kinetically free 
mesomeric anion (IV) must take place with equal readiness at C, and C,, #.¢., half of the 
re-associations will occur at C, and half at C,. Now, if we start with the undissociated ion 
(I), reassociation at C, gives rise to “ isomerisation,” leading to (V), whereas reassociation 


oO? 
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at C,, causes the re-formation of (I) without “ isomerisation ’’; in other words, one-half of 
the reassociations brings about isomerisation. It may be deduced from this that the rate 
of ‘‘ isomerisation ”’ will be one-half of the rate of ionisation (of the ion), since this will be 
the rate-determining step. 

Now the exchange rate in 10% deuterium oxide is 22-5 x 10“ min.', which is an 
approximate measure of the rate of ionisation; hence an approximate measure of the rate 
of “‘ isomerisation ”’ is one-half of this, 7.¢.,11 x 10 min.-!. We wish to emphasise that 
this rate is, of course, only an approximation, and, in fact, the correction introduced above 
will be more than compensated by the difference in rates of transfer of protons and deuterons. 
Only experiments with pure deuterium oxide could give an accurate value. For this 
reason, and also because the experimental conditions are different, comparison with the 
observed rate of isomerisation of other three-carbon systems is not profitable; we may, 
however, say that this system is very much more mobile than any of the others. This 
case is interesting as being the first in which it has been possible to obtain an experimental 
assessment of the mobility of a crypto-tautomeric system. 

The results with cis-glutaconic acid showed that, at equilibrium, the interchange was 
identical with that found for the trans-acid ; the same three hydrogens thus take part in the 
exchange. In one hour at 20° the exchange with the cis-acid was four times that found for 
the trans-acid under the same conditions; this confirms the real difference between the 
two isomers. This greater mobility with the cis-acid is no doubt due to the instability and 
higher energy content of the cis-ion; steric inversion to the évans-ion will bring about 
exchange of one hydrogen. The results show that this inversion must be a faster process 
than the isomerisation process; this seems to be unlikely if the mechanism of steric inver- 
sion involves the mesomeric ion. It is suggested that ionisation of hydrogen of the methyl- 
ene group is responsible, and that this occurs through the agency of hydrogen-bond 
formation which is sterically possible only in the case of the czs-acid : 


BN Or ONG j? 


ms ACOH HC. a 
H CH,CO,H 


cis trans 


To sum up, our experiments are in complete accord with the modern view of the 
chemistry of the glutaconic acids. Isomerisation takes place through an intermediate 
common mesomeric ion (IV) which is the modern successor of the old ‘‘ normal’’ form 
(cf. Thorpe, J., 1931, 1014). The resonance energy set free in the formation of this ion is 
no doubt responsible for the reversion to type which was for long so puzzling a feature of 
the chemistry of the glutaconic acids (cf. Ingold, Oliver, and Thorpe, J., 1924, 125, 2128). 
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344. Chromones of the Naphthalene Series. Part I. Transformation 
of o-Aroyloxyacetoarones into o-Hydroxydiaroylmethanes. 
By V. V. VirKAR and T. S. WHEELER. 


Metallic sodium has been found to be an effective reagent for the transformation of 
o-aroyloxyacetoarones into the corresponding o-hydroxydiaroylmethanes, which can 
be readily cyclised to the corresponding chromones. The synthesis of a number of 
2-naphthylbenzochromones, the naphthalene analogues of the flavones, is described. 
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BAKER (J., 1933, 1381; 1934, 1953) showed that o-aroyloxyacetophenones (I) rearrange 
with anhydrous potassium carbonate in benzene or toluene into the corresponding 
o-hydroxydibenzoylmethanes (II), from which flavones (III; R = aryl) may readily be 
obtained by elimination of water. Mahal and Venkataraman (Current Sci., 1933, 2,214; J., 
1934, 1767) and Bhalla, Mahal, and Venkataraman (J., 1935, 868) used sodamide in dry 
ether. It has now been found that satisfactory results can be obtained with finely divided 
sodium in ether or toluene; the use of sodamide or sodium has the advantage that no 
water is liberated when the product, the metallic salt of (II), is formed; the presence of 
water lessens the yield, as it produces hydrolysis of (I). A variety of reagents are available 
for the cyclisation of (II) (cf. Baker, 1933, loc. cit.); hydrogen bromide in acetic acid is 
satisfactory. 


O-COR OH O\cR CMe 
COMe CO-CH,-COR H CH 
O 0 


(I.) (II.) (III) (IV.) 


The use of metallic sodium has provided a convenient synthesis of some 2-naphthyl- 
benzochromones (naphthalene analogues of flavones) through the intermediate o-hydroxy- 
dinaphthoylmethanes. Sodium has also been applied to effect the transformation of 
o-benzoyloxyacetophenone into o-hydroxydibenzoylmethane, of dibenzoylresacetophenone 
into 2-hydroxy-4-benzoyloxydibenzoylmethane (Baker, 1933, Joc. cit.), and of 1-benzoyloxy- 
2-acetonaphthone into benzoy]-1-hydroxy-2-naphthoylmethane (Mahal and Venkataraman, 
1934, loc. cit.). 2:6-Dibenzoyloxyacetophenone with metallic sodium in toluene gives 
directly 5-hydroxy-3-benzoylflavone (cf. Baker, 1934, loc. cit.). Sodium also produces 
rearrangement of l1-acetoxy-2-acetonaphthone into 1-hydroxy-2-naphthoylacetone, which 
is readily cyclised into 2-methyl-7 : 8-benzochromone (IV). Baker (1933, Joc. cit.) found 
that potassium carbonate cannot be employed for the rearrangement of o-acetoxyaceto- 
phenones. 

Work in progress (Ullal and Wheeler, Current Sci., 1938, 7, 280) has shown that sodium 
ethoxide or hydroxide in alcoholic solution also produces rearrangement. 


EXPERIMENTAL. 


Preparation of 0o-Avroyloxyacetoarones.—\-1'-Naphthoyloxy-2-acetonaphthone (1), which 
separated when a mixture of 1-hydroxy-2-acetonaphthone (5 g.), «-naphthoy]l chloride (5 g.), and 
pyridine (7 c.c.), which had been heated at 100° for 1 hour, was poured into dilute hydrochloric 
acid, had m. p. (alcohol) 135°, after it had been washed with dilute aqueous sodium hydroxide 
and with water (Found: C, 81:3; H, 4:7. C,3H,,O, requires C, 81-2; H, 4:7%). 

1-2’-Naphthoyloxy-2-acetonaphthone (2), m. p. (alcohol) 113—114° (Found: C, 81-4; H, 4:8. 
Cy3H,,0, requires C, 81:2; H, 4:7%), and 1-3’-methoxy-2'-naphthoyloxy-2-acetonaphthone (3), 
m. p. (alcohol) 119° (Found: C, 78-0; H, 5-6. C,,H,,0O, requires C, 77-8; H, 4-9%), were 
similarly prepared from the corresponding components. 

Rearrangement of 0-Aroyloxyacetoarones into 0-Hydroxydiaroylmethanes and Cyclisation to 
Chromones.—1-Hydyo.y-2 : 1'-dinaphthoylmethane (4) (2-3 g.), which separated as the sodium salt 
from a solution of (1) (£ g.) in dry toluene (35 c.c.) which had been heated under reflux with 
finely-divided sodium (0-4 g.) for 3 hours, was liberated by treatment with dilute acetic acid; it 
formed yellow needles and had m, p. (acetone) 142° (Found : C, 80-9; H, 4-9. C,,;H,,O, requires 
C, 81-2; H, 47%). 

2-1'-Naphthyl-7 : 8-benzochromone (0-5 g.), m. p. (alcohol) 205° (Found: C, 86-4; H, 4-5. 
C,,;H,,O, requires C, 85-8; H, 4-3%), separated when a solution of (4) (1 g.) in acetic anhydride 
(5 c.c.) which had been carefully treated with hydriodic acid (d 1-7; 5 c.c.) and kept at room 
temperature for 2 hours was poured into sodium hydrogen sulphite solution. 

The substance (2) on treatment with sodium in dry toluene as described above gave l-hydroxy- 
di-2-naphthoylmethane, m. p. (acetone) 164° (Found: C, 81-2; H, 4-9. C,3H,,O, requires C, 
81:2; H, 4:7%), which formed a yellow powder and dissolved in warm acetic acid containing 
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hydrogen bromide to a solution from which 2-2’-naphthyl-7 : 8-benzochromone, m. p. (acetic acid) 
190—191° (Found : C, 86-0; H, 4-8. C,,H,,O, requires C, 85-8; H, 4-3%), separated on dilution 
after $ hour. 

The compound (3) with sodium in dry toluene gave 1-hydroxy-3'-methoxy-2 : 2’-dinaphthoyl- 
methane, m. p. (acetone) 163°, in orange needles (Found : C, 77-8; H, 5-1. C,H ,O, requires C, 
77-8; H, 49%), which with hydrogen bromide in acetic acid gave 2-(3’-methoxy-2'-naphthyl)- 
7 : 8-benzochromone, m. p. (acetic acid) 204—205° (Found: C, 81-5; H, 4-9. C,,H,,O, requires 
C, 81-8; H, 45%). 

2-(3’-Hydroxy-2'-naphthyl)-7 : 8-benzochromone (0-4 g.), m. p. (acetic acid) above 300° (Found : 
C, 81-1; H, 4:7. C,,H,,O, requires C, 81-7; H, 4-1%), separated as a greenish-yellow powder 
when a solution of the foregoing methoxychromone (1 g.) in acetic anhydride (20 c,c.), which had 
been carefully treated with hydriodic acid (d 1-7; 20 c.c.) and heated under reflux for 24 hours, 
was poured into aqueous sodium hydrogen sulphite. The acetyl derivative, prepared by the 
acetic anhydride—pyridine method, formed yellow plates and had m, p. (alcohol) 180—181° 
(Found: C, 79-2; H, 4:2. C,;H,,O, requires C, 78-9; H, 4-2%). 

Preparation of o-Hydroxydibenzoylmethane——A suspension of o-benzoyloxyacetophenone 
(4 g.) and pulverised sodium (0-4 g.) in dry ether (20 c.c.), which had been kept overnight, was 
mechanically shaken for 5 hours; ether was evaporated (water-pump) and the residue was 
treated with alcohol to remove sodium and acidified with dilute acetic acid; the product (2 g.), 
m. p. (alcohol) 122° (lit. 121°), gave flavone on treatment at room temperature for 1 hour with 
hydrogen bromide in acetic acid. 

Preparation of 1-Hydroxy-2-naphthoylacetone.—A solution of l-acetoxy-2-acetonaphthone 
(2-3 g.) (Hantzsch and Blackler, Ber., 1906, 39, 3096) in toluene (25 c.c.) containing finely divided 
sodium (0-23 g.) in suspension was heated under reflux for 3 hours and the precipitated sodium 
salt was collected and treated with dilute acetic acid. The yellow product (1-2 g.) had m. p. 
(alcohol) 117—118° (cf. Wittig, Bangert, and Richter, A unalen 1926, 446, 173) (Found : C, 73-8; 
H, 5-4. Calc. for C,,H,,0,: C, 73-7; H, 5-3%). 

2-Methyl-7 : 8-benzochromone, m. p. (alcohol) 178—179° (cf. Wittig et al., loc. cit.) (Found : 
C, 80-2; H, 4-8. Calc. for C,,H,,O,: C, 80-0; H, 48%), separated when a solution of the fore- 
going diketone (0-5 g.) in acetic anhydride (5 c.c.), which had been carefully treated with hydr- 
iodic acid (d 1-7; 5 c.c.) and kept for 1 hour, was poured into sodium hydrogen sulphite 
solution. 

The other transformations of known o0-aroyloxyacetoarones mentioned in the introduction 
need no detailed description. 
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345. Chromones of the Naphthalene Series. Part II. Synthesis of 
Linear Naphthaflavone(6 : 7-Benzoflavone). 


By V. V. VirKAR and T. S. WHEELER. 


The synthesis of 6 : 7-benzoflavone and other chromones of the naphthalene series 
by cyclisation of the corresponding o-alkoxydiaroylmethanes by Kostanecki’s method 
is described. 6 : 7-Benzoflavones give 2-hydroxy-3-acetonaphthone on treatment with 
alcoholic sodium ethoxide. 


o-ALKOXYDIAROYLMETHANES of the naphthalene series have been synthesised by the 
Claisen method from the corresponding acetoarones and alkyl aroates; cyclisation to 
chromones by Kostanecki’s method is effected with hydrogen bromide in acetic acid, or 
by the action of hyd*iocie acid in acetic anhydride, regulated so that dealkylation of 
alkoxy-groups beyond tit »equired for cyclisation is avoided. 6: 7-Benzoflavone (II; 
R = H), obtained in this way from benzoyl-2-methoxy-3-naphthoylmethane (I; R =H), 
and its 2’-methoxy-derivative (II; R = OMe), on treatment with alcoholic sodium ethoxide 
gave 2-hydroxy-3-acetonaphthone (III), a compound not readily accessible (cf. Baker and 
Carruthers, J., 1937, 482), and 2-hydroxy-3-naphthoic acid (for the course of reactions of 
this type see Kostanecki and Feuerstein, Ber., 1898, 31, 1757; Kostanecki and Ludwig, 
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ibid., p. 2951). The production of (III) from (II; R = OMe) establishes the course of the 
cyclisation of 0-anisoyl-2 SN oe eae (I; > = OMe). 


OMe OH 
O-CH,°C OMe 
(I.) "ei ) (III.) 


The preparation of some siaspabaenaniieasianns is also described; a compound 
of this type has been synthesised (cf. Réthlisberger, Helv. Chim. Acta, 1925, 8, 112) by the 
Kostanecki chalkone dibromide method. The product obtained by the cyclisation of 
2 : 3’-dimethoxy-1 : 2'-dinaphthoylmethane (IV) is either (V) or (VI); as it was resistant 
to the action of alcoholic sodium ethoxide and aqueous potassium hydroxide even under 
drastic conditions, it was not possible definitely to decide between the alternative structures. 
In view of the formation of the linear compound (II; R = OMe) from (I; R = OMe), 
(VI) is to be preferred. 


Me Me 
O-CH,°C 


(IV.) 


a ¥ a (VI.) 
O O 


EXPERIMENTAL. 


o-A lkoxydiaroylmethanes.—Benzoyl-2-methoxy-3-naphthoylmethane (1). A solution of aceto- 
phenone (8 g.) and methyl 2-methoxy-3-naphthoate (14 g.) (Werner and Seybold, Ber., 1904, 
37, 3661) in dry ether (35 c.c.) was added in small quantities under cooling to a suspension of 
pulverised sodium (1-5 g.) in ether (5 c.c.). The mixture was shaken at intervals for 3 hours 
and kept overnight, ether removed (water-pump), and the residue treated with dilute acetic 
acid. The product separated from alcohol in yellow plates, m. p. 98° (Found: C, 78-7; H, 5-3. 
Cy9H,,O; requires C, 78-9; H, 5-3%). 

o-A nisoyl-2-methoxy-3-naphthoylmethane (2), m. p. (light petroleum) 120—122° (Found: C, 
75-2; H, 5-6. C,,H,,0, requires C, 75-4; H, 5-4%), 3-methoxydi-2-naphthoylmethane (3), m. p. 
(acetone) 160° (Found: C, 81-3; H, 5-1. C,,H,,O, requires C, 81-3; H, 5-1%), di-(1-methoxy- 
2-naphthoyl)methane (4), m. p. (alcohol) 122° (Found: C, 77-8; H, 5-3. C,;H,.O, requires 
C, 78:1; H, 5:2%), and 2: 3’-dimethoxy-1 : 2'-dinaphthoylmethane (5), m. p. (benzene—absolute 
alcohol) 163° (Found: C, 78-0; H, 5-3. C,,;H,,O, requires C, 78-1; H, 5-2%) were similarly 
prepared from o-methoxyacetophenone and methyl 2-methoxy-3-naphthoate, 2-acetonaphthone 
and methyl 2-methoxy-3-naphthoate, 1-methoxy-2-acetonaphthone (Heilbron, Hey, and Lowe, 
J., 1934, 1314) and methyl 1-methoxy-2-naphthoate (Froelicher and Cohen, J., 1922, 121, 
1656), and 2-methoxy-l-acetonaphthone (Noller and Adams, J. Amer. Chem. Soc., 1924, 46, 
1892) and methyl 2-methoxy-3-naphthoate respectively. These diketones are yellow; they are 
insoluble in aqueous alkali but readily soluble in alcoholic alkali. 

Bromo-o-anisoyl-2-methoxy-3-naphthoylmethane (6 g.), m. p. (acetic acid) 152° (Found: Br, 
18-9. C,,H,,0,Br requires Br, 19-3%), remained after removal of the solvent from a solution 
of (2) (5 g.) in chloroform (50 c.c.) through which had been passed a current of air which had 
previously been led through a solution of bromine (2-5 g.) in chloroform (20 c.c.). With a view 
to the synthesis of flavonols unsuccessful attempts were made to replace bromine by acetoxyl 
with a solution of anhydrous sodium acetate in acetic acid (cf. Neufville and Pechmann, Ber., 
1890, 28, 3377). 

Preparation of 2-Arylbenzochromones.—6 : 7-Benzoflavone (linear naphthaflavone) (6) (0-25 
g.), m. p. (benzene) 171—172° (Found : C, 83-9; H, 4-5. C,,H,,O, requires C, 83-8; H, 4-4%), 
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separated when a solution of (1) (0-5 g.) in acetic anhydride (5 c.c.), which had been treated 
with hydriodic acid (d 1-7; 5 c.c.), and heated under reflux for 1 hour, was poured into aqueous 
sodium hydrogen sulphite solution. (6) was also obtained when a solution of (1) and of hydrogen 
bromide in acetic acid, which had been heated at 100° for 6 hours, was poured into water. 

Treatment of (6) with alcoholic sodium ethoxide ; preparation of 2-hydroxy-3-acetonaphthone. 
An aqueous solution of the precipitate obtained by heating a solution of (6) (1 g.) and of sodium 
ethoxide (2 g. of sodium) in alcohol (50 c.c.) under reflux for 4 hours gave on saturation with 
carbon dioxide a precipitate of 2-hydroxy-3-acetonaphthone (0-3 g.), m. p. (light petroleum) 
112°; acetyl derivative, m. p. 100° (lit. 112° and 101°). Addition of hydrochloric acid to the 
filtrate from which the hydroxyacetonaphthone had been removed precipitated 2-hydroxy-3- 
naphthoic acid, the m. p. of which was not depressed by addition of an authentic specimen. 

2’-Methoxy-6 : 7-benzoflavone (7) (0-5 g.), m. p. (alcohol) 165° (Found: C, 79-6; H, 4-8. 
Cy9H,,0, requires C, 79-5; H, 46%), was precipitated when a solution of (2) (1 g.) and of 
hydrogen bromide in acetic acid (12 c.c.), which had been kept overnight, was poured into 
water. 2'-Hydroxy-6 : T-benzoflavone (8) (0-2 g.), m. p. (nitrobenzene) 256—257° (Found: C, 
79-1; H, 4:3. C,,.H,,0O, requires C, 79-0; H, 42%), separated as a greenish-yellow powder 
when a solution of (7) (0-5 g.) in acetic anhydride (10 c.c.), which had been treated with hydriodic 
acid (d 1-7; 10 .c.), and heated under reflux for 3 hours, was poured into aqueous sodium 
hydrogen sulphite solution. 2’-Acetoxy-6:17-benzoflavone [from (8) with acetic anhydride— 
pyridine] had m. p. (alcohol) 136—138° (Found: C, 76-8; H, 4:5. C,,H,,O, requires C, 
76-4; H, 4:2%). Treatment of (7) with alcoholic sodium ethoxide as described above for 
(6), gave 2-hydroxy-3-acetonaphthone and 2-hydroxy-3-naphthoic acid. 

2-2’-Naphthyl-6 : 7-benzochromone, m. p. (acetone) 193° (Found: C, 85-7; H, 4-9. C,3H,,O, 
requires C, 85-8; H, 43%), was obtained from (3) in yellowish plates by treatment with 
hydriodic acid in acetic anhydride as described for (6). 

2-(1'-Methoxy-2'-naphthyl)-7 : 8-benzochromone (9), m. p. (alcohol) 151—152° (Found: C, 
81-7; H, 4-7. C,,H,,0, requires C, 81-8; H, 4-5%), which separated as a gel from a solution 
of (4) in warm glacial acetic acid containing hydrogen bromide which had been kept for 1 hour, 
solidified when the mixture was diluted with water. (9) was also obtained from (4) by the action 
of cold hydriodic acid in acetic anhydride during 12 hours. Demethylation of (9) with hydriodic 
acid as described for (7) yielded 2-(1’-hydvoxy-2'-naphthyl)-7 : 8-benzochromone as a greenish- 
yellow powder, m. p. (chlorobenzene) above 280° (Found: C, 81:5; H, 42. C,,3H,,O, requires 
C, 81-7; H, 41%); the acetyl derivative had m. p. (alcohol) 174° (Found: C, 79-2; H, 4-4. 
C,;H,,O0, requires C, 78-9; H, 4-2%). 

2-(3’-Methoxy-2'-naphthyl)-5 : 6-benzochromone or  2-(2’-methoxy-1'-naphthyl)-6 : 7-benzo- 
chromone (the latter formula is preferred), m. p. (absolute alcohol—benzene after frequent 
recrystallisation with addition of charcoal) 197° (Found: C, 81-6; H, 4:7. C,4H,,O; requires 
C, 81-8; H, 45%), was isolated in poor yield on treatment of (5) with hydriodic acid in acetic 
anhydride at 100° for 15 minutes. A better yield was obtained by the action of hydrogen 
bromide in acetic acid for 12 hours at room temperature. Demethylation with hydriodic acid 
as described for (7) gave the 2-(hydroxynaphthyl)benzochromone as a greenish-yellow powder, 
with m. p. (nitrobenzene) 283—285° (Found : C, 81-6; H, 4:3. C,,;H,,O, requires C, 81-7; H, 
4:1%); the acetoxy-compound had m. p. (alcohol) 148—150° (Found : C, 78-6; H, 4:2. C,;H,,O, 
requires C, 78-9; H, 4-2%). 


RoyAL INSTITUTE OF SCIENCE, BOMBAY. 
STATE LABORATORY, DUBLIN. [Received, August 16th, 1939.] 





346. Physicochemical Aspects of Bacterial Growth. Part IV. Con- 
ditions determining Stationary Populations and Growth Rates of Bact. 
Lactis Aerogenes in Synthetic Media. 


By R. M. Lopce and C. N. HINSHELWooD. 


The maximum population (,) of Bact. lactis aerogenes which an artificial medium 
containing lactose and ammonium tartrate will support at first increases in propor- 
tion to and then becomes independent of the concentrations of these constituents : 
the rate of growth varies much less than 1,. 
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The curves showing the relation between », and the initial p, of the medium 
have characteristic shapes for three media containing (a) lactose-ammonium tartrate, 
(b) concentrated glucose—phosphate, and (c) dilute glucose—phosphate, (c) showing a 
considerable range, absent in (b), where », is independent of py. The growth rate is 


independent of , over a wide range. 

These and other observations show that the onset of the stationary phase is due 
principally to (1) exhaustion of substances necessary for growth, (2) accumulation of 
toxic products, and (3) adverse ~,, any of which according to circumstances may 
become the limiting factor. Since, under adverse conditions, maximum growth is 
independent of the inoculum size within the considerable range studied, it is inferred 
that progressive deterioration of the cells from one generation to another does not 
contribute to the stopping of the growth. 

From the fact that at adverse pq the stationary population is much reduced 
without any corresponding change in the mean generation time, it is inferred that 
different stages of the cell division process may have separate locations, one being 
shielded from the influence of the medium pg. 


WHEN Bact. lactis aerogenes is grown in a medium containing glucose, potassium phos- 
phate, ammonium sulphate, and magnesium sulphate, the stationary population of 
organisms is found to increase linearly with the amount of glucose or phosphate over a 
considerable range, and beyond a certain point to become independent of concentration. 
This shows that in more dilute solutions the exhaustion of the medium is the factor 
responsible for the cessation of growth and the onset of the stationary phase, but that at 
higher concentrations other factors may take control (Part I, J., 1938, 1930). 

It is of interest that over ranges of medium concentration where the stationary 
population changes by more than a hundredfold, the rate of growth, as measured by the 
mean generation time, hardly changes. 

To throw further light on the factors determining the stationary population and on 
the relation between stationary population and growth rate, the work on Bact. lactis 
aerogenes has been extended by the following series of observations: (1) The effect of 
varying the concentrations of the constituents in a lactose-ammonium tartrate medium. 
(2) The influence of the hydrion concentration (a) in the glucose-phosphate medium 
(Gladstone, Fildes, and Richardson, Brit. ]. Exp. Path., 1935, 16, 335), (b) in the lactose— 
tartrate medium (Winslow, Walker, and Sutermeister, J. Bact., 1932, 24, 185). (3) The 
influence of inoculum size, temperature, and nature of carbohydrate. 

These determinations, together with a few auxiliary experiments, lead to the following 
general conclusions : 

(a) Exhaustion of constituents necessary for growth, change of pg, and accumulation 
of toxic products are factors whose interplay determines the onset of the stationary 
phase, and one or other of which may become the limiting one according to circumstances. 

(b) The jack of parallelism between variations of growth rate and of stationary 
population with change of Py suggests a separate localisation of different stages essential 
to the growth mechanism. 

Stationary Population and Concentration—The culture was the same strain of Bact. 
lactis aerogenes as that used in Part I (loc. cit.}, and had originally come from the national 
collection of type cultures. It was checked against a second supply and showed no 
difference in spite of the repeated sub-culturings which it had undergone. 

The lactose-tartrate medium (Winslow, Walker, and Sutermeister, loc. cit.) was made 
from the following salutions: (a) lactose, 20 g./l.; (6) ammonium tartrate, 25 g./l.; 
ammonium dihydrogen phosphate, 4-0 g. /1. 

The methods of sterilising and technique generally were as described previously. 
The inoculum used was a stock bouillon culture, sub-cultured for 24 hours in the artificial 
medium. Experiments were made at 40-0°. 

The results of varying the concentrations of lactose and of tartrate are given in Tables 
I, II, and III. The counts recorded are the actual numbers per unit field; multiplied by 
1:25 x 10°, they give the number of organisms per c.c. Fig. 1 shows that the stationary 
population increases linearly at first and then much more slowly. The mean generation 
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times tend to increase as the concentration falls, but nothing like so rapidly as the 
stationary population. 
TABLE I. 


Medium containing ammonium tartrate, 4 g./l., and ammonium dihydrogen phosphate, 0-016 g. /l.; 
= 40-0° 


Lactane, gi fi. ncccocccrcccccccccccccsosccctoves | _t 2 4 6 8 
Stationary population —..........s.eseeeeeee = 15°7 31-6 53-6 78 80 
Mean generation time, mins. .............6.  — --- 227 173 126 


TABLE II. 
Medium containing lactose, 4 g./l., and ammonium dihydrogen phosphate, 0-016 g./l.; T = 40-0°. 


Ammonium tartrate, g./l. .........-:eeeeee 1 2 4 6 8 
Stationary population  .........22eeeeeeeeee 16-2 29-2 53-6 75-5 94 
Mean generation time, mins. ................  — —_— 227 239 120 
No. of determinations ............sseeseeeeeee 6 2 2 2 1 


TABLE III. 
Medium containing lactose, 4 g./l., and ammonium tartrate, 4 g./l.; T = 40-0°. 


MELT POs, Bofh.  ccnveccccrcsscvcdecesccscccccepecscooss OOS 0-016 0-032 
Stationary population ..........cecceeseceeceeeeeeeeeee 68 53-6 42 
Mean generation time, Mins. .........-..+0e+0ee0++++ 487 227 276 
INO. Of GOOeRMIMAEIORS 200005 ..cccccsccscccsccccescosos AS 2 2 
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? 2 + 6 6 0 4 ‘6 6 
Concn. of lactose,g.l. Concn. of ammonium tartrate, g/t. 


Influence of concentration of lactose and of ammonium tartrate on stationary population. 


0 


Influence of pq on Stationary Population and Growth Rate.—For the determination 
of the influence of hydrogen-ion concentration the media were made up as follows: 
(a) Glucose, 24-6; ammonium sulphate, 0-985; potassium dihydrogen phosphate, 
4-43; magnesium sulphate, 0-059 g./l. (b) Lactose, 8-0; ammonium tartrate, 10-0; 
ammonium dihydrogen phosphate, 0-016 g./l., and a similar medium to (a) but with 
glucose, 0-5 g./l. 

The fq was adjusted by adding n/10-hydrochloric acid or sodium hydroxide, blank 
experiments having shown that sodium and chlorine ions at the concentrations thereby 
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introduced had no effect on growth. Figs. 24 and 2B show the titration curves of the 
media and give an idea of the efficiency of buffering in various regions, a matter which 
may be relevant in assessing the results. 

The py was determined by means of a glass electrode used in conjunction with a valve 
electrometer giving direct readings in pq units. The inocula were prepared in the 
appropriate artificial medium near neutrality. 

The determinations were made at 40-0°, and a slow current of sterile air from outside 
the laboratory was passed through the media during growth. 


Fic. 24, 
Titration curve of glucose—phosphate medium. 
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Alkali, Acid. 
Volume of 0-1N-alkali or acid in a total of 20-3 c.c. of glucose—phosphate medium. 


The results are in Tables IVa, IVb, and V. In the first place Figs. 3 and 4 show that 
the relation between fy and stationary population is rather different for the two media 


TABLE [Va. 
The relation between the initial pg and the oer | population in the glucose—phosphate medium ; 
= 40°. 


Initial Pm «sees eeeeeeeee O18 867 821 750 7:44 T1l 655 6653 5:92 5°86 
Stationary population 10-2 190 232 1440 1280 1000 495 479 225 210 
Initial py... - §&48 5628 5607 402 379 316 282 2-42 2-13 
Stationary population 140 112 79 22 13-4 79 4-6 3-5 2-7 
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TABLE IVb. 


1687 © 


The relation between the initial pq and the stationary population in the dilute glucose medium ; 
T = 40°. 


Initial pg 


Stationary population Mn aSkSEA 


Initial py 


Stationary population | pie! mortal 


3-10 4-90 5-48 
4 31 53 
6-40 6-81 7-12 


Fic. 2B. 


Titration curve of lactose—tartrate medium. 
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06 0-8 


Volume in c.c. of 0-1N-alkali or acid in a total of 37-5 c.c. of lactose-tartrate medium. 


TABLE V. 


The relation between the initial gy and the ae. population in the lactose tartrate medium; 


Initial Py — ...seeceeceeeee 
Stationary population 
Initial po .. a 
Stationary population — 


4-41 443 4-44 
120 119 112 

5-74 600 6-12 
63 95 80 


4-45 
108 

6-54 
67 


456 486 492 6-02 
140 102 94 99 
7-74 824 832 8-75 
50 5-8 9-5 6-2 


and for the two glucose concentrations, but in all cases the fall on the alkaline side is 


abrupt. 


Part of the curve is unobtainable, namely, that corresponding to the region just 
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on the alkaline side of neutrality where the acid produced by a moderate growth of 
organisms is enough to shift the pg progressively towards the optimum. 

Once again, there is a remarkable lack of correspondence between the abundance of 
growth, as measured by the stationary population, and the actual rate of growth (mean 
generation time). Even the feeble growth in the regions of more adverse pg is attained 
as quickly as a corresponding growth at the optimum fg. This is illustrated in Table VI : 
the mean generation times show a random variation only. 


Fic. 3. 
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Influence of pu on stationary population in two glucose—phosphate media. 


TABLE VI. 
The variation in the mean generation time with papeee pu of the glucose—phosphate medium; 


Initial Py csceeeeeeeeeeeeceeeeeeee 918 7-50 7:44 7-11 6-53 5-86 5-07 4-02 
Mean generation time, mins. 56 40 67 54 38 34 58 41 


With the lactose-tartrate medium the actual mean generation times were difficult to 
determine in the adverse pq region because of the smallness of the total growth, but the 
times required to reach a given count certainly did not increase as the conditions became 
more adverse. For example, at Py 8-3 a culture which never grew beyond a count of 10, 
had reached a count of 9-5 in 880 minutes, whereas at q 6-45 a culture which ultimately 
grew to a count of 152 reached the count 9-5 in 1000 minutes. In the first experiments 
the growth rates themselves were less reproducible than had been hoped in view of the 
care taken in standardising the inoculum. The difficulties largely disappeared when a 
nichrome loop was replaced by a platinum one, doubly distilled water was used instead 
of the laboratory supply, a greased tap on a measuring device was eliminated, and culture 
tubes were degreased repeatedly to remove the minute film which sometimes comes from 
inserting a cotton-wool plug into a hot tube after sterilisation. 





[1939] Physicochemical Aspects. of Bacterial Growth. Part IV. 1689 


Experiments on the Cause of the Onset of the Stationary Phase—To determine whether 
growth could be said to stop when the fy of the medium was brought to a definite value 
by the acid which the organism itself produces, measurements were made of the initial py 
and of the g immediately after the end of the logarithmic growth phase (cf. Wolf and 
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Harris, Biochem. J]., 1917, 11, 213). The results are given in Table VII and show that 
there is no such definite value. A culture can, in fact, grow on a fresh medium at a pg 


TABLE VII. 
Medium 
Glucose— f Initial Py  .......cecceceecceceeceecceesecceeee 4:02 5:86 6-53 7-11 
phosphate | fy at onset of stationary phase, at 40° 3-88 4-21 5-54 6-26 
Lactose— fImitial py  .........cecesecseccsesecenseeeceeee 4°86 4:92 5:17 5-40 5-74 6:00 6-12 6-54 
tartrate pu at onset of stationary phase, at 40° 4-84 4:15 540 5-51 5-64 5-50 5-70 5-56 


considerably more on the acid side than many of the “ final ’’ _ values recorded in the 
table. This shows that the fq is by no means the sole limiting factor, as has already 
been proved by the experiments on the influence of the concentration of the medium 
constituents. " 

If exhaustion of a necessary constituent of the medium is thought of as the sole factor 
limiting bacterial growth, changes of pq could easily be understood to alter the rate of 
growth by shifting equilibria which determine the availability of this constituent. But 
since such an equilibrium shift would not alter the total supply, it is difficult to see why 

5s 
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the same stationary population should not ultimately be reached. In fact, it is the 
stationary population and not the growth rate which varies. This raises the question of 
the reasons for the onset of the stationary phase. 

One way in which an adverse environment could bring about an earlier cessation of 
growth would be by causing a progressive degeneration of the organisms in such a way 
that the mth generation becomes incapable of further division. In these circumstances 
the stationary population would be equal to the initial count x 2"; 14.¢., it would be 
proportional to the size of the inoculum. Experiments were made which showed definitely 
that no such relation exists. From Table VIII it may be seen that a given solution will 














TABLE VIII. 


Influence of inoculum size. 
Glucose—phosphate medium, at 40°. 









Initial pu. Initial count. Final count. Increment, 
6-55 1 492 491 
20 500 480 
5-48 1 140 139 
17 140 123 
Bouillon, at 45-5°. 
8 59 51 









52 100 48 







allow a definite increment of population irrespective of the inoculum size over the wide 
range studied. 

Progressive changes from generation to generation being thus eliminated, the stationary 
phase must be determined either by the exhaustion of something needed for growth, or 
by the accumulation of some deleterious substances. Under optimum conditions of py 
and at not too high foodstuff concentrations, exhaustion is frequently the limiting factor, 
as already shown. Under adverse fy conditions it cannot be, since the fy is unlikely to 
affect the total supply of any substance. The only way in which it could do this would 
be by facilitating useless side reactions in which the constituents of the medium were 
wasted. That such waste is not in fact responsible is shown by an experiment in which 
a culture was grown in a glucose—phosphate medium of fy 5-28 reaching a count of 112. 
The culture was then brought to #y 6-81, whereupon growth proceeded to a new stationary 
count of 860. Therefore, before neutralisation, although growth had stopped, the essential 
growth constituents could have been neither used up nor wasted. The way in which 
exhaustion ceases to be a limiting factor when the pg is adverse is shown in Table IX. 



















TABLE IX, 









Glucose—phosphate medium, at 40-0°. 
Stationary count. 
Glucose, 24-6 g./l. Glucose, 0-985 g./l. 
Pea TIL — coccccscesecoccsvesoses 1000 172 
Pee GBD ccocccccsers ccs ccccsdene 95 95 





The converse case is illustrated in Fig. 3. For the high glucose concentrations the 
stationary count varies with py over the whole range; but for the dilute glucose solutions 
the horizontal plateau in the curve shows that the fg has ceased to be a limiting factor in 
this range and that the growth ceases through exhaustion, and independently of the pg. 

In considering the accumulation of growth-inhibiting substances, it is convenient to 
discuss acid and other toxic substances separately, since the py determines the whole 
behaviour of the amphoteric proteins in the cell. 

Stationary Population and Growth Rate—It must be emphasised that there are two 
problems presented by these results which have some considerable significance in the 
analysis of growth mechanisms. 

First, we have the growth rate independent of Py over a range in which the stationary 
population varies very widely. Secondly, the py influences the total number of organisms 
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which the medium can support although it can hardly be supposed to do other than shift 
equilibria, which one might have expected to determine rate of growth rather than total 
numbers. 

In a growth curve the stationary phase sets in by rapid drop of the growth rate from 
a constant value to nearly zero. The above results mean that an adverse py, while not 
changing the steady rate, causes the rapid drop to occur much earlier. 

It is known that the relation between growth rate and the concentration of substances 
necessary for growth is a curve which rises rapidly from zero to become almost constant 
at quite low concentrations (Penfold and Norris, J. Hyg., 1912, 12, 527), so that over 
very wide ranges the rate of growth may be independent of the concentrations, but below 
a critical value of the latter drops rather rapidly. 

The most important direct influence of py is likely to be on amphoteric protein struc- 
tures, whose reactivity in various respects will depend upon their state of ionisation ; 
py might be expected to influence growth through such a mechanism, but if it did, we 
should expect a steady variation in actual growth rate over the whole fg range, and this 
is just what we did not find. 

We are thus led to the idea of an intermediate substance the rate of whose synthesis 
depends upon the yg, and which, being labile, attains in the cell to some transient equi- 
librium concentration depending upon the py and other factors. The bacterial growth 
rate is, according to the general rule, independent of this concentration over a wide range. 
The stage of growth, however, at which this concentration drops below the critical value 
sets in progressively earlier the more adverse the conditions governing its primary 
synthesis. 

These points can be made clear by a rough calculation. Let the intermediate sub- 
stances be synthesised at a rate which is a function, f(c), of the foodstuff concentration, 
F (pq) of the py, and of the concentration, ~, of toxic products, which can be approximately 
represented by a linear expression. 

This gives for the rate of formation, K . f(c) . F(pq) . (1 — ap), where K and a are 
constants. Owing to the characteristic form of the curves connecting growth rate and 
food concentration, the former will be independent of this until it drops below a critical 
value. This it does when the product of all three factors becomes small enough. In 
extreme cases this may be when f(c) approaches zero, #.e., exhaustion, when F(pq) becomes 
small enough, or when af approaches unity. When F(g) is small, t.e., adverse conditions, 
it requires a smaller accumulation of toxic products to reduce the product to the critical 
value. 

When exhaustion is the limiting factor the stationary population should become less 
dependent upon yg, as is indeed found. With dilute. media there should be a consider- 
able horizontal plateau in the py-stationary population curve, as is found with the’ more 
dilute glucose-phosphate medium and towards which there is a tendency with the 
lactose—tartrate medium (Figs. 3 and 4). 

With more concentrated media, the accumulation of metabolic products and the 
change in #, brought about by the acid-forming reactions of the cells begin to play a 
more important part. Acid and other products both exert an effect. Neutralisation, as 
already stated, leads to further growth. This shows that the acid was in these circum- 
stances partly responsible for the onset of the stationary phase. The following experiment 
indicates that other toxic products are also concerned. A culture was grown to its 
stationary phase (count about 1000) in a medium containing 24-6 g./l. of glucose. The 
solution was filtered through a porcelain candle and the filtrate divided into two parts. 
One was reinoculated and showed no further growth at all: the other was first boiled for 
10 minutes, and then reinoculated, whereupon further growth occurred to a count of 109. 
The py, 5-5, was not changed by boiling, and this further growth, which has been recorded 
by others, corresponds approximately to what occurred in a fresh medium of this py. 

These experiments as a whole thus give us a fairly complete picture of how the exhaus- 
tion of medium constituents, the change of py of the medium, and the accumulation of 
toxic metabolic products interplay in determining the stationary population (Tables IVa, 
IVb, aid V), one or other factor becoming the limiting one according to the conditions. 
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The relative constancy of the growth rate under conditions which cause wide changes 
in the stationary population leads to the idea that the pg does not change directly the 
reactiveness of the centres where the intermediate substance actually promotes cell 
division. These centres appear to be at a point sheltered from, or unresponsive to, the 
direct action of the pg. The growth process thus seems to be resolved into separately 
localised stages. 

It is interesting to note the contrast between this unresponsiveness, which taken by 
itself might have suggested a definite mean generation time characteristic of the normal 
organism itself, and the wide changes in growth rate caused by differences in the chemical 
nature of the medium. Thus, in bouillon at 40-0°, Bact. lactis aerogenes has a mean 
generation time of approximately 20 mins., in the glucose—-phosphate medium of about 
50 mins., and the lactose-tartrate of about 200 mins. The following figures show 
the influence of change of carbohydrate in a standard phosphate-ammonium sulphate 


medium : 
COIN: wes ogc0n stages thence ddpnioann dane Glucose Galactose - Lactose 
Mean generation time (mins.) ................ 39, 45, 41 45 76, 67 


The behaviour with the two monosaccharides is similar, but growth with the disac- 
charide is considerably slower. Generally speaking, with change in the chemical nature 
of the medium the stationary population varies in a way which runs parallel with the 
change in growth rate. The same observation applies to the toxic action of alcohols, 
where the stationary population and the growth rate fall off in a more or less parallel 
manner. 

Thus we have two contrasting types of behaviour, one where the stationary population 
and the growth rate show parallel changes and one where they are independent. 

The question arises now as to which type is shown when the temperature is varied. 
It is known that the growth rate increases with temperature at first according to the 
usual exponential law for chemical reaction velocity, and then passes through a maximum 
and finally declines suddenly (Barber, J. Infect. Dis., 1908, 5, 379). Experiments 
were now made to determine the variation of the stationary population. The medium 
used was veal bouillon. The results are given in Table X. They show that, taken over 


TABLE X. 


The effect of temperature on bacterial growth. 


T ceccesscvccccscceserecesesecceceeeeeeee 150° 20-0° 25-0° 30-0° 35-0° 40-0° 45-0° 45°5° 46-0° 47-5° 
Mean generation time, mins. ...... 300 130 — 47 45:7 25-8 42 —_ — -- 
Stationary population ............ 690 803 1045 1010 810 658 132 659 0 0 


the whole range, the rate and the total count vary in a generally similar way, but that the 
optima occur at different places, and that in certain regions the two are changing in 
opposite directions. 


OxfoRD UNIVERSITY. [Received, June 7th, 1939.] 





347. Physicochemical Aspects of Bacterial Growth. Part V. Influence 
of Magnesium on the Lag Phase in the Growth of Bact. Lactis 
Aerogenes -in Synthetic Media containing Phosphate. 


By R. M. LopceE and C. N. HINsHELWoop. 


In an artificial medium containing glucose, ammonium sulphate, and potassium 
phosphate, small inocula of Bact. lactis aerogenes will not grow in the complete absence 
of magnesium ions. For a given size of inoculum there is a limiting concentration 
of magnesium (of the order 1—20 parts per million under the conditions of the 
experiments) below which no growth occurs and above which it occurs normally, the 
final population and, to a first approximation, the rate of growth being independent 
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of the actual amount of magnesium in excess of the limit. If the inoculum is intro- 
duced into a magnesium-free medium and magnesium is added subsequently, there 
is a limiting value for the possible delay: after this no growth will ensue. The 
critical concentration of magnesium decreases as the size of the inoculum increases. 

The explanation proves to be as follows. With little or no magnesium present 
there is a lag phase preceding normal logarithmic growth. During this the organisms 
are supposed to be synthesising a necessary intermediate growth substance. They are 
also dying off, at a rate which has been determined by direct viable counts. If they 
are all dead before the end of the lag period no growth is observable. The lag period 
is a function of the magnesium concentration. From a knowledge of the death rate, 
the mean generation time, and the critical magnesium concentration for a series of 
inoculum sizes, the relation between the magnesium concentration and the shortening 
of the lag phase which it causes can be deduced. 


Many descriptions of bacterial media include a magnesium salt as a constituent, but it 
has been found that this may be omitted from the glucose—phosphate medium if this is 
made up with the laboratory supply of distilled water (Part I, J., 1938, 1930). However, 
when this medium was made up with doubly distilled water, it was observed that no 
growth occurred with the usual size of standard inoculum in the absence of magnesium. 
Since there is an appreciable concentration of ammonium sulphate in the medium, and 
magnesium chloride can be substituted for magnesium sulphate, the effect must be caused 
by the magnesium and not by the sulphate ion. 

Quantitative investigation of this phenomenon seemed likely to give further insight 
into the mechanism of bacterial growth. Experiments were therefore made to determine 
the effect of magnesium concentration on the growth of Bact. lactis aerogenes in the glucose- 
phosphate medium. Table I shows that, with a standard inoculum, the stationary 


TABLE I. 
Inoculum = 2 loops of an actively dividing culture with a count of about 400. Temp. = 40°. 


MgSO,, Stationary MgSO,, Stationary MgSO,, Stationary MgSO,, Stationary 
p-p.m. population. p-p-m. population. p-p.m. population. p-p-m. population: 
0-0 2-5 480 7-5 611 510 
“5 475, 487, 490 8 500 490 
0 482, 495, 487 10 470, 497 : 500 
25 490, 500, 490 12-5 500 40 497 
5 482 15 497 500, 517 
0 510 17-5 500 450 
0 


population has the value of zero for concentrations of less than 2 parts per million (p.p.m.) 
of magnesium sulphate and a value of about 500 for the concentrations studied above this 
value. Table II gives the variation in the mean generation time with the magnesium 


TABLE II. 


MgSO,, P.P.m.  cceeeeseececeeee 8 4 5 6 7 10 20 40 
Mean generation time at 40°, 

MINS. .......seeeeeeeececveeseeee 41 37°5,42 38, 37-5,37 41 43 37-5 58 58 60 
concentration. The growth rate does not fall with reduction in the magnesium con- 
centration, but, on the contrary, is slightly depressed by the higher concentrations. 

Since the stationary population has no values intermediate between zero and 500, 
it is clear that magnesium is not present in the réle of an essential foodstuff, the exhaustion 
of which determines the onset of the stationary phase. Neither the stationary population 
nor, significantly, the growth rate is affected by the magnesium concentration, and it 
therefore appears that the above phenomenon has some connexion with the time-lag which 
often precedes the normal logarithmic growth phase. 

Observations have shown that the organisms of the inoculum are dying off during 
the lag phase, and that there is a certain maximum time after inoculation of a magnesium- 
free medium beyond which the addition of magnesium cannot be delayed if growth is to 
be obtained. 
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Two theories may be advanced to account for the experimental results: (a) the death 
rate may be decreased or (b) the lag phase may be shortened by the addition of magnesium 
to the medium. 

(a) Suppose that the death rate before the onset of the logarithmic phase is controlled 
by the magnesium concentration and that the lag phase is constant. If we take a standard 
inoculum, (A) in Fig. 1, the death rates for different magnesium concentrations may be 
indicated qualitatively by the lines AB, AC and AD. For AB, all the bacteria have died 
before the end of the lag phase, and after time (B) the medium is sterile; but if for higher 
magnesium concentrations the death rates are represented by the lines AC and AD, then 
enough bacteria survive the prescribed time interval (C) for growth to ensue quite normally. 


BS 


eI (viable count). 
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Time. 
Variable death rate. 


(6) If the magnesium concentration controls, not the death rate, but the length of the 
lag phase, we have the state of affairs shown in Fig. 2. The vertical lines represent the end 
of the lag phase for the various concentrations of magnesium indicated; ADC represents 
the constant death rate. 

The only method for distinguishing between these two hypotheses is an actual determin- 
ation of the death rate of the inoculum in the presence and in the absence of magnesium. 
This was done by making viable counts at various intervals after inoculation. The method 
used was that described by Wilson (J. Bact., 1922, 7, 405). Table III shows that the 


TABLE III. 


Time from inoculation, mins. 0 278 

Viable count (10 per c.c.) with 10 ppt “m. of MgSO, .. ww. 47 11 

Viable count (10* per c.c.) with no MgSO, 50 11 
All counts performed in duplicate. Temperature = 40-0°. 


death rates are identical whether magnesium is present or not. This must mean that the 
magnesium controls the length of the lag phase. 

Since, when the magnesium concentration is small enough, there comes a point where 
the inoculum all dies before division occurs, it follows that if a given magnesium-free 
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medium is seeded with a constant inoculum, and the magnesium is added afterwards at 
various intervals, there will be a critical time, after which no growth will occur, but before 
which growth will be normal though delayed. This was tested experimentally. Table IV 


TABLE IV. 


T,, hrs. T,, hrs. a T,, hrs. 
(experimental value). (calc.). T,, hrs. (experimental value). 
12 (= T) (12) 24-7 36 
12 14 36 47 
21-7 27 48 63-5 
. 21-7 29 69-5 92 
18-3 27:'5—31 35 80 © (i.¢., no growth) 


The initial inoculum corresponded to a viable count of 2-0 x 107 bacteria per tube, 


Fie, 2, 





Log (viable count). 
am 


mh 











Variable lag phase. 


shows that, under the conditions prevailing, if the addition of magnesium is delayed for 
70—80 hours after inoculation, no growth occurs, and, even with shorter delays, the time 
required for the attainment of a visible stage of growth begins to increase considerably. 
These results can be directly correlated with the death rate already measured. 

The death of the organisms follows the law = nge~", where mg is the initial number of 
organisms, » the number alive at time #, and/aconstant. From the results given in Table 
III for the viable counts, the mean value of / is calculated to be 0-0048 min.-+, Suppose a 
medium is inoculated with magnesium present and reaches a given stage of growth in 
time T. If the same medium is inoculated and left without magnesium for time T, the 
number of organisms will fall in the ratio n/m) = e7'"*, When the magnesium is now 
added, the time, T,, to the same stage of growth will be increased beyond T by the time for 
the ratio /m, to be restored to its original value of unity. This extra time can be calculated 
from the growth equation m,/n = e*":, where k = In 2/(mean generation time), and it 
increases with T>. 

The logarithmic law, however, does not hold indefinitely: When the calculated 
number of organisms left alive is less than one, it means that complete sterility has really 
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been reached: and even before this the statistical law may have broken down. There 
may also be a slight variability in the resistance of the organisms, so that the time to 
complete sterility is not in principle quite accurately definable. The differences in times 
required to reduce the original numbers to, say, 10, 1, and 0-1 respectively, however, do 
not, in fact, vary much in comparison with the times themselves, so that we will regard 
the time to sterility as given approximately by that to reduce the number of organisms left 
alive to one per culture tube, 7.e., 0-05 bacterium per c.c. On this basis, the mean gener- 
ation time being taken as 40 minutes, it is calculated that there should be no growth after 
about 60 hours’ deprivation of magnesium. Before this, the time between the addition 
of the magnesium and growth should begin to increase at the rate of about 3 hours for every 
10 hours delay in the addition of the magnesium. The initial inoculum corresponded to 
2 x 10? organisms per tube of 20 c.c. 

Having regard to the variability of the mean generation time and the comparative 
inaccuracy of viable counts, the agreement (Table IV) is quite close enough to show that 
the general principle assumed is correct. 

An adaptation of this principle allows us to obtain information about the variation 
of the length of the lag phase with the magnesium concentration. We make a series 
of determinations of the limiting concentrations of magnesium ¢,, ¢, . . ., which just allow 
growth of inocula ,, m,. . . . If m, is greater than mg, c, will be less than c,. Suppose the 
lag phase in the absence of magnesium is Lo, for a concentration c, it is (Ly — ¢,) and for 
c, is (Ly — #,), then, as is evident from Fig. 2, (¢, — ¢,) is the time required for the viable 
count to drop from m, to m,; 1.e., In n/n, = e~“4-%, Since 1, m,, and m, are known, 
(t, — ¢,) can be calculated. This gives the difference in lag phase for the two concentrations 
c, and ¢,. Table V gives the results from which the limits for inocula of various sizes are 


TABLE V. 
¢ = Concn. of MgSO, in p.p.m.; , = stationary count (hemocytometer reading). Inocula given 
in actual numbers of viable bacteria added to 20 c.c. of medium. Numbers in parentheses are values 
relative to the first as standard. 
Inoculum = 1-2 x 10? (1-0). Inoculum = 0-4 x 10? (1/3). 
2 3 7 9 c 6 8 10 


1 
0 0 490 490 495 Ns 0 496 500 


Inoculum = 0-3 x 107 (1/4). Inoculum = 1-2 x 10* (1/10). 
4 8 9 11 12 17 14 16 18 
0 0 0 500 497 495 0 0 506 


Inoculum = 7-5 x 105 (1/16). 
12 17 20 21 23 
0 0 0 0 500 


c 4 8 
Ns 0 0 


calculated, and Table VI the estimated changes in the lag, and Fig. 3 shows them plotted 
against c. 
TABLE VI. 

Inoculum size (relative) ..........sesseesssseseecerceecceceeesesseceeceecee I 1/3 1/4 1/10 1/16 
MgSO, at limit, P.P.M. .........sesseecescresssesecsescsscesersesessceeenseee 2 7 10 17 22 
Shortening of lag (in hrs.) by increasing [MgSO,] above 2p.p.m. 0 3:8 4:8 8-0 9-6 

Pett and Wynne (Biochem. J., 1933, 27, 1660) have stated that magnesium stands apart 
from all other ions as a phosphatase activator. It seems that magnesium must play a 
fundamental part in the normal functional activities of these enzymes (Bamann and 
Salzer, Ber., 1937, 70, 1263). Clark (Trans. Roy. Soc. Canada, 1938, 32, III, 1) points 
out that all substances which act as enzyme activators only do so in low concentrations, 
and that when their concentrations are increased beyond a certain limit, these same 
substances have an inhibitory effect. In view of this, it is simple to see how the 
magnesium concentration can control the length of the lag phase. Suppose that the 
phosphatase controls the formation of a substance intermediate in complexity between the 
foodstuff provided and’ the bacterial protoplasm, and that this intermediate has to be 
present in a certain minimum concentration before division can occur. Its rate of synthesis, 
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and thus the time needed to reach the necessary concentration in the cell, will vary with the 
magnesium concentration. Fig. 3 seems quite naturally to express this variation. 

To obtain preliminary evidence bearing on an idea—based at the moment only on 
speculation—that there might be an analogy between the termination of the lag phase of 
non-sporing bacteria and the germination of spores, experiments were made to determine 
whether the germination of spores of B. mesentericus was appreciably influenced by the 
magnesium content of the medium. B. mesentericus was grown in bouillon to which some 
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Influence of maguesium*concentration on lag phase. 


glucose had been added. After about 3 days, nearly all the organisms had turned into the 
spore form. The spores were centrifuged off, washed with normal saline, and then 
suspended in the glucose—phosphate medium described above. The rate of germination 
was observed by counting in the hemocytometer. If the organisms are not stained there 
is no great difficulty in distinguishing the spores from the bacteria. Presence or absence 
of magnesium in the medium was found to make little difference to the rate of germination. 
In this respect therefore there appears to be no evidence of an analogy. 
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348. The d- and |-«-Phenylallyl Alcohols and Some of their Reactions. 
By D. I. DUVEEN and J. KENYON. 


dl-«-Phenylallyl alcohol has been separated into its optically active forms by the 
fractional crystallisation of the quinidine salt of its hydrogen phthalate. A com- 
parison of the reactivities of this alcohol and some of its carboxylic esters with those 
of a-phenyl-y-methylallyl alcohol and its corresponding esters shows that the latter 
compounds undergo anionotropic changes far more readily than the former. This 
enhanced reactivity must be ascribed to the influence of the y-methyl group. 


It has been found (Kenyon, Partridge, and Phillips, J., 1937, 207) that (—)-«-phenyl-y- 
methylallyl hydrogen phthalate (I) is readily rearranged into (+)-y-phenyl-«-methylally] . 
hydrogen phthalate (II) with a large retention of optical activity; further, that (—)-a- 
phenyl-y-methylallyl alcohol and its esters readily undergo replacement reactions during 
a a similar rearrangement occurs although the retention of optical activity is of a 
ower order. 
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In discussing the mechanism of these and other replacement reactions in substituted 
allyl compounds, Arcus and Kenyon (J., 1938, 1912) concluded that a y-methyl group 
contributes an inductive effect favourable to liberation of an anion in these compounds : 


7x rx 
Me—>CH!CH—CHR—X, 
(I.) CHPhX-CH:CHMe —> CHPh:CH-CHMeX (IL) 
(X = -O-CO:C,H,-CO,H) 


In order to obtain comparative evidence of the influence exerted by the methyl group 
in (I), the optically active forms of a-phenylallyl alcohol have been prepared, and the 
behaviour of this compound and some of its derivatives examined. 

Kamai (J. Gen. Chem. Russ., 1931, 1, 460) was unable to convert «-phenylallyl alcohol 
into its hydrogen phthalate, obtaining instead the isomeric y-phenylallyl ester. As is 
shown in the experimental part, the former compound can be obtained in yields of over 
90° when the combination of the alcohol and phthalic anhydride is allowed to take place 
at moderately low temperatures in pyridine solution. By fractional crystallisation from 
acetone its quinidine salt can be readily separated into the quinidine salts of the optically 
pure d- and /-a-phenylallyl hydrogen phthalates. The liberated d- and /-hydrogen phthalates 
when hydrolysed yield d-* and /-«-phenylallyl alcohols respectively. /-a-Phenylallyl 
alcohol is readily reduced catalytically to (+)-phenylethylcarbinol, the rotatory power of 
which is in good agreement with that of the carbinol obtained by direct resolution (Pickard 
and Kenyon, J., 1914, 105, 1123). It thus appears probable that both the unsaturated and 
the saturated alcohols have been obtained optically pure. The results are in Table I and 
show quite clearly the marked difference in reactivity between the two series of compounds. 
The influence of the y-methyl group in increasing the mobility of X in (I) is thus considerable 
and is perhaps most sharply shown in the relative stability of the two alcohols towards 
aqueous acids. Like Burton and Ingold (loc. cit.), we are unable to confirm Valeur and 
Luce’s statement (Bull. Soc. chim., 1920, 27, 611) that «-phenylallyl alcohol is converted 
into cinnamy] alcohol by dilute sulphuric acid. 


TABLE I. 
Showing the difference in reactivity between 
Ph:CHX-CH:CHMe and Ph-:CHX-CHi'CH,. 
(a) Changes spontaneously into the (a) Remains unchanged during many 
isomeric y-phenyl-a-methylallyl ester | weeks both in homogeneous state and in 
inert solvents 
(6) With cold MeOH is rapidly con- (b) Reacts exceedingly slowly with cold 
~CO,°C,H,-CO,H< verted into y-phenyl-a-methylallyl MeOH and EtOH 
methyl ether (A) 
(c) With cold AcOH is rapidly con- (c) Remains unchanged to extent of 70% 
verted into y-phenyl-a-methylallyl after a month 
Lacetate (B) 
—CO,Me With cold AcOH is rapidly converted Stable to ACOH 
into (B) 
( (a2) With cold MeOH is rapidly con- (a) Stable to ACOH, AcOH + HBr, HCl 
_CO.-C.H,-NO verted into (A) 
oki ite 2 \ (b) With cold AcOH is rapidly con- (See Burton, J., 1928, 1650.) 
verted into (B) 
-OH With cold 0-5% aqueous AcOH is Stable to dilute aqueous H,SO, (con- 
converted into y-phenyl-a-methylallyl firms results of Burton and {ngold, Jus 
alcohol 1928, 906) 


The activating influence of the methyl group is most clearly noticeable in the reactions 
of the hydrogen phthalic esters : 


I. PheCHX*CH:CHMe —> Ph-CH:CH-CHYMe 
II. Ph-CHX*CH:‘CH, —» Ph‘CH:CH’CH,Y 
III. o™. Ph-CHY-CHICH, 
* For purposes of reference the (+-)-alcohol is assumed to have the d-configuration, 
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Reaction (I) takes place readily with acetic acid (unpublished observation) and methyl 
alcohol, reaction (II) readily with formic acid and very slowly with acetic acid, and reaction 
(III) very slowly with methyl (and ethyl) alcohol. 

Reaction (I) is accompanied by extensive racemisation (Kenyon, Partridge, and 
Phillips, Joc. ctt.); reaction (II) necessarily yields an inactive product, and the recovered 
hydrogen phthalate is partly racemised. The simple replacement reaction (III) yields an 
inactive product, but the unreacted hydrogen phthalate is recovered with almost unchanged 
rotatory power. 

EXPERIMENTAL. 


dl-a-Phenylallyl alcohol, obtained in 72% yield by the interaction of acraldehyde (0-9 mol.) 
and phenylmagnesium bromide (1 mol.), had b. p. 107°/17 mm., ni" 1-5404 (Klages and Klenk, 
Ber., 1906, 39, 2553, give b. p. 106°/18 mm., n}*" 1-5406). Its p-nitrobenzoate had m. p. 44-—45° 
(Burton and Ingold, loc. cit., give m. p. 45—46°). 

dl-a-Phenylallyl Hydrogen Phthalate -—The alcohol (67 g.) was added to a suspension of 
phthalic anhydride (74 g.) in pyridine (45 g.), and the mixture kept at about 50° for 3 hours. 
After working up in the usual manner, the acid phthalate was obtained (127 g.) in rectangular 
prisms, m. p. 73—74°, from carbon disulphide and light petroleum (Found by titration with 
n/10-NaOH: M, 279. C,,H,,O, requires M, 282). 

Quinidine salt of 1-a-phenylallyl hydrogen phthalate. Quinidine (484 g.) was dissolved in a 
warm solution of the dl-ester (422 g.) in acetone (1600 c.c.). On cooling, the salt was obtained 
as large masses of bulky asbestos-like crystals which, after being recrystallised thrice from 
methyl acetate, yielded the optically pure salt (233 g.) ; a further 74 g. were obtained by working 
up the various mother-liquors. The optically pure salt has m. p. 124° (decomp.), [a] 5g93 + 128-9°, 
[a] sae1 + 155-8°, [a]qs53 + 279-5° (7, 2; c, 5-010 in chloroform) (Found: N, 4-4. Cs,H;,0,N, 
requires N, 4-6%). 

Quinidine salt of d-a-phenylallyl hydrogen phthalate. As much as possible of the salt of the 
l-acid ester was removed by concentration and crystallisation of the various filtrates from the 
above preparation: the liquors on standing for a fortnight then deposited compact glassy 
crystals of the quinidine salt of the d-hydrogen phthalate. Some solutions deposited a mixture 
of the two very different forms of crystals; but these were efficiently separated by taking 
advantage of the very much more rapid dissolution in warm acetone of the bulky needles of the 
l-acid ester salt than of its more compact diastereoisomeride. After one recrystallisation from 
acetone, the latter yielded the optically pure quinidine salt, m. p. 161—163° (decomp.), 
[a] sos + 106-8°, [a]gag, + 127-9°, [a]gssg + 235-0° (2, 2; c, 5-101 in chloroform) (Found: 
N, 45%). 

l-a-Phenylallyl hydrogen phthalate. The quinidine salt, m. p. 124°, was covered with acetone 
and decomposed with cold dilute hydrochloric acid in slight excess. The /-acid ester was pre- 
cipitated as an oil which could not be induced to crystallise although the d/-ester crystallises 
readily. The rotatory powers are recorded in Table II. 


TABLE II. 


Specific Rotatory Powers of \-«-Phenylallyl Hydrogen Phthalate in Various Solvents at 
Room Temperature (I, 2). 


Solvent. c. [a] eaas: [a] sees: [a] 5780: : [a]asse- 

5-376 +33-6° +42-6° — +93-0° 

5-002 — +18-6 +19-5 : +33-8 

5-110 +15-2 +17-2 — . +30-0 

5-115 — +16-2 +17°3 . +29-0 

Rt sigacncvnainnciens 5-043 — + 89 — +152 
SIE: 245 sadian vounet ona 9-540 — — 74 - — 23-0 
TIOEE ” obs pe0c8s sed cksees 5-040 — —14-0 —15-7 — 18-4 —41-0 


Advantage was taken of the active ester’s being an oil to measure its optical rotatory 
power in the homogeneous state; a specimen which had [«]54., + 51-4° in carbon disulphide 
(1, 2; c, 5376) had af, + 6-89°, «2%, + 764°, a2, + 11-9° (1, 0-25) (Found, by titration with 
n/10-NaOH : M, 280. C,,H,,O, requires M, 282). 

By crystallisation from carbon disulphide, the d@ + dl-hydrogen phthalate can be readily 
separated into the racemic and the highly dextrorotatory isomeride. A specimen of the oily 
l-ester was kept in a closed vessel, but the crop of small prismatic crystals which was deposited 
during 4 months proved to be y-phenylallyl hydrogen phthalate; after recrystallisation from 
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carbon disulphide, this had m. p. 95—97° alone or when mixed with an authentic specimen 
prepared by the interaction of molecular amounts of cinnamy] alcohol and phthalic anhydride 
in pyridine (Kamai, Joc. cit., gives m. p. 88—89°). The oily /-a-phenylallyl hydrogen phthalate 
decanted from the crystalline isomer was again set aside, and after several months, it set com- 
pletely to a mass of the y-phenylallyl hydrogen phthalate. In view of the ease with which the 
liquid optically active acid phthalic ester undergoes this anionotropic change completely, it is 
noteworthy that the crystalline dl-ester appears to be permanently stable. 

d-a-Phenylallyl hydrogen phthalate was prepared in the same manner as its antipode and, 
like it, could not be induced tocrystallise. It had [a]59,; — 42-3°, [«] 546, — 51-3°, [a]as5g — 92°6° 
(i, 2; c, 4-947 in carbon disulphide). 

l-x-Phenyallyl Alcohol.—The l-acid ester was saponified with a slight excess of aqueous 
alcoholic potassium hydroxide (5n); the liberated alcohol, removed by steam distillation, had 
b. p. 106°/16 mm., 1% 1-5398, ageg3 — 20°08°, agreq — 21°55°, agg, — 26°01°, o435, — 60-0° 
(1, 2; t, 18°), whence aJ&,/ai§, = 2-30. The influence of temperature on rotatory power is 
shown by the following data (i, 0-25) : ’ 


t. 21°. 26°. 305° 35% 40% 47% 560% 65% . 60° 67°. 
sees 2 2°48° 234° 20°82? BTS O® 1-082 = 0-80 «072° 
Que. —371 320 297 £42216 1:86 1:46 1-41 133 104 0-93 
Qss3 420s 852 —i7-59—CBBO C0427 i346 S324 0305s 2389S 210 


d-a-Phenylallyl alcohol, similarly obtained from the d-acid ester, had b. p. 107°/16 mm., 
ni? 1-5391, ase93 + 20-0°, a54g, + 25°7° (1, 2; ¢, 19°). Its specific rotatory powers in various 
solvents (/, 2) at room temperature are shown below. 


c. [a] sase- [a] ssos- [a] 5780 (a) seer: [a]esss- 
5-007 — 
5-143 —- 
5-170 +3-1° 
2-585 3-2 
5-350 -- 


Reduction of |-a-Phenylallyl Alcohol to (+-)-Phenylethylcarbinol.—The alcohol, dissolved in 
pure ether, was shaken with hydrogen at 2 atm. in the presence of Raney nickel catalyst. The 
resultant (+)-phenylethylcarbinol was completely without action on bromine water and had 
b. p. 105°/15 mm., 1?” 1-5196, aseg93 + 13-08° (J, 0-5; #, 20°) [Pickard and Kenyon, loc. cit., 
give b. p. 115°/25 mm., 2%” 1-5200, a593 + 13-62° (1, 0-5; ¢, 17°) for the optically pure alcohol]. 

l-a-Phenylallyl Acetate——A mixture of l-a-phenylallyl alcohol (6-7 g.; al, — 26-00°; J, 2) 
in pyridine (6-5 g.) and acetic anhydride was kept overnight and then warmed to 40° for an hour. 
The resulting /-«-phenylallyl acetate (8-5 g.), b. p. 111°/16 mm., had agy3g + 27°2°, a54¢, + 39-93°, 
&szg9 + 33°39°, ay35g + 70°5° (¢, 18°; 1, 0-5), m2" 1-5092. 

dl-a-Phenylallyl acetate, similarly prepared, had b. p. 114°/19 mm., n®° 1-5085 (Found : 
C, 74-6; H, 6-9. C,,H,,0, requires C, 75-0; H, 6-8%). This compound was prepared also 
by heating molecular proportions of the alcohol and acetic anhydride on the steam-bath for 
3 hours. The resulting acetate distilled completely at 114°/19 mm., showing that no conversion 
into the isomeric y-phenylallyl acetate had taken place. 

dl-«-Phenylallyl methyl ether was prepared by dissolving potassium (2 g.) in a solution of 
dl-«-phenylallyl alcohol (7 g.) in dry ether and adding thereto methyl iodide (7-1 g.); it had 
b. p. 85°/18 mm., 2° 1-5105 (Found: C, 80-8; H, 8-2. C, 9H,,O requires C, 81-1; H, 8-1%). 
The y-phenyl isomeride, prepared in a similar manner for purposes of comparison from 
cinnamy]l alcohol, had b. p. 116°/15 mm. (Pschorr and Dickhauser, Ber., 1911, 44, 2640, give 
b. p. 115°/15 mm.). 

Reactions of «-Phenylallyl Hydrogen Phthalate-—(a) With methyl alcohol. (i) A solution of 
the dl-ester (10 g.) in anhydrous methyl] alcohol (25 c.c.) was slowly distilled during 2 hours. 
The partly crystalline residue was separated into phthalic acid (4 g.) and «a-phenylallyl methyl 
ether (3 c.c.), b. p. 84—85°/19 mm., nl} 1-5104. (ii) A similar experiment with the /-ester 
yielded phthalic acid (4 g.) and dl-a-phenylallyl methyl ether (3 c.c.), b. p. 84—85°/19 mm. 
(iii) A solution of the d-ester (11 g.) in methyl alcohol (10 g.) was kept in a closed vessel for 3 
weeks at summer room temperature. From the reaction mixture, which had developed the 
pleasant ethereal odour of the methyl ether, there were isolated the d-hydrogen phthalate 
(10 g.) of almost unchanged rotatory power and dl-a-phenylallyl methyl ether (0-6 c.c.), b. p. 
87—89° /20 mm. 
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(b) With ethyl alcohol. A solution of the /-ester (1 g.) in absolute alcohol (20 c.c.) showed no 
alteration in rotatory power after 3 weeks, but after 18 months this had decreased to 25%, and 
after 33 months to 6%, of its original value. From the resulting solution, which had developed 
a pronounced ethereal odour, there were isolated phthalic acid (0-3 g.) and «-phenylallyl ethyl 
ether (0-3 c.c.), b. p. 90—95°/20 mm. Klages and Klenk (loc. cit.) give b. p. 203—205°/755 mm. 

(c) With formic acid. Anhydrous formic acid (8 g.) was added to a solution of the d-ester 
(10 g.) in carbon disulphide (20 c.c.); within a few minutes phthalic acid began to separate and 
the amount rapidly increased. After 2 hours the reaction mixture was separated into (i) 
phthalic acid (5 g.), (ii) partly racemised hydrogen phthalic ester (1-3 g.; [a]54¢,; — 19°3° in 
carbon disulphide solution), and (iii) y-phenylallyl formate (3 g.), b. p. 132—139°/18 mm., 
m. p. 6° (Béhal, Ann. Chim. Phys., 1900, 20, 423, gives b. p. 138—139°/23 mm.,m. p.0°). Further 
confirmation was afforded by its hydrolysis to cinnamy] alcohol, m. p. alone and mixed with an 
authentic specimen, 32—33°. 

(d) With acetic acid. (i) The observed rotatory power of a 5% solution of the /-ester in 
glacial acid changed from a54g; + 1-96° to asqg, + 1-34° during 16 days at room temperature. 
(ii) A solution of the J-ester (3-2 g.) in glacial acetic acid (20 c.c.) was heated on the steam-bath 
for several hours; from the reaction mixture there were obtained phthalic acid (0-6 g.), cinnamyl 
acetate, b. p. 143—145° (0-7 c.c.), and /-a«-phenylallyl hydrogen phthalate (1-5 g.) having 
[%] sae: — 5-4° in carbon disulphide solution. 


Thanks are expressed to the Government Grants Committee of the Royal Society and to 
Imperial Chemical Industries Ltd. for grants. 
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349. The Action of Nitrous Acid on Dimethylaniline-p-sulphonic Acid 
in Sulphuric Acid. 


By (Miss) A. M. McKessar DAvipson and THomas H. READE, 


The products obtained in sulphuric acid (0-5Nn to 5-0N) at 14° are mainly 3-nitvo-4- 
dimethylaminobenzenesulphonic acid, with smaller quantities of p-nitrophenylmethy]l- 
nitrosoamine and p-nitrodimethylaniline. High concentrations of mineral acid slightly 
increase the yields of the first two products but decrease that of the last. Solubility 
data for the new sulphonic acid are recorded and its anilide is described. 


MICHLER and WALDER (Ber., 1881, 14, 2176) described briefly the action of nitrous acid on a 
dimethylanilinesulphonic acid of unmentioned orientation in mineral acid of unmentioned 
concentration; they isolated p-nitrodimethylaniline and a nitrodimethylanilinesulphonic 
acid. In the present investigation the starting point was pure dimethylaniline-p-sulphonic 
acid, a third product, 4-nitrophenylmethylnitrosoamine, was isolated, and the nitro- 
sulphonic acid formed was shown to be 3-nitro-4-dimethylaminobenzenesulphonic acid by 
comparison with a snythetic specimen. The influence of sulphuric acid concentration on 
the course of the reaction, and the relative yields of the various products, were also noted. 

The main action of nitrous acid (4 mols.) on dimethylaniline-p-sulphonic acid (1 mol.) 
in sulphuric acid at 14° was nuclear nitration, but was invariably accompanied by replace- 
ment of the sulpho-group by a nitro-group to the extent of about one-ninth of the whole. 
In high concentrations of mineral acid the p-nitrodimethylaniline so formed underwent 
nitrosation at the nitrogen atom to form 4-nitrophenylmethylnitrosoamine. Liberation 
of formaldehyde accompanied nitrosoamine formation and nitric oxide was evolved in all 
cases. 

Increase in sulphuric acid concentration increased about equally the yields of 3-nitro-4- 
dimethylaminobenzenesulphonic acid and 4-nitrophenylmethylnitrosoamine, but decreased 
that of #-nitrodimethylaniline. Indeed the yields of the last two products stand in a 
reciprocal relationship to each other within the limits of experimental error. It is known 
that nitrous acid converts the latter into the former in mineral acid solution (Macmillan 
and Reade, J., 1929, 2863), and the formation of nitrosoamine at the expense of the amine 
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in the more strongly acid medium is probably due to the greater concentration of amine 
remaining dissolved (as its salt), 7.e., not removed from the sphere of action, in the more 
acidic solutions, thus facilitating the further action of nitrous acid. 


EXPERIMENTAL. 


Preparation of Dimethylaniline-p-sulphonic Acid (from a note by C. de B. Evans, P., 1895— 
96).—A mixture of dimethylaniline (121 g.) and 36N-sulphuric acid (102 g.) was heated for 4 hours 
at 180°, and the resulting syrup cooled and mixed with water. After basification with aqueous 
ammonia and removal of the excess of dimethylaniline by ether extraction, the sulphonic 
acid was obtained, after acidification, by evaporation until crystallisation began, and was 
recrystallised from 60—70 c.c. of hot water. Yield, 10—15 g. 

Action of nitrous acid. A solution of the sulphonic acid (1 mol.) in 4n-sulphuric acid was 
cooled in ice, and aqueous sodium nitrite (4 mols.) added slowly with continuous stirring (re- 
sulting mineral acid concentration, 3-5n). After 17—18 hours the yellow precipitate was 
collected. Prolonged extraction with light petroleum separated this into two parts: (A) a 
portion soluble in light petroleum and other organic solvents and insoluble in water; (B) a 
portion insoluble in light petroleum and organic solvents generally, but recrystallisable from 
hot water. 

(A), consisting of bright yellow needles giving a positive Liebermann nitroso-test, was 
separated into two substances by washing with 5n-hydrochloric acid. The filtrate on basifi- 
cation gave a yellow solid, which after recrystallisation from light petroleum was identified 
as p-nitrodimethylaniline, m. p. and mixed m. p. 162°. The residue, a nitrosoamine, melted 
sharply at 100° after repeated crystallisation from light petroleum. On boiling with 12n- 
hydrochloric acid and subsequent basification this yielded 4-nitromethylaniline, m. p. and 
mixed m. p. 152°. The nitrosoamine is 4-nitrophenylmethylnitrosoamine (Found: C, 46-2; 
H, 3-7. Calc.: C, 46-4; H, 3-8%). 

(B) crystallised from hot water in pale yellow needles. It appeared to be a sulphonic acid, 
but gave only small precipitates, on addition of barium chloride and calcium chloride to 
neutralised solutions. Reduction of the acid with tin and hydrochloric acid yielded a product, 
which, after diazotisation, coupled with B-naphthol. Attempts to remove the sulphonic acid 
group by superheated steam or by fusion yielded no result (Found: NO,, 19-1; C, 39-0; H, 
4-1; N, 11-4; S, 13-4. 3-Nitvo-4-dimethylaminobenzenesulphonic acid requires NO,, 18-7; 
C, 39-0; H, 4:1; N, 11-4; S, 13-0%). ' 

The nitrous acid experiment was repeated in 5n- and in 0-5N-mineral acid; no new precipi- 
tate was obtained. In each case treatment of the filtrate yielded no new product, except a 
trace of formaldehyde in the experiments (conc. acid) where nitrosoamine was formed : this was 
detected by distilling over 10 c.c. from the filtrate, which gave positive reactions to Schiff’s 
and Schryver’s tests. 

Synthesis of 3-Nitro-4-dimethylaminobenzenesulphonic Acid.—4-Chloro-3-nitrobenzene- 
sulphonic acid (10 g.), prepared from o-chloronitrobenzene by Fischer’s method (Ber., 1881, 
24, 3187), was dissolved in 75 c.c. of alcohol with sufficient water to keep it in solution at the 
b. p., 0-05 g. of freshly prepared copper powder and 25 g. of 33% aqueous dimethylamine 
added, and the mixture heated under reflux for 3—4 hours. The orange solution was filtered 
hot, acidified to Congo-paper with hydrochloric acid, and evaporated on the steam-bath until 
crystallisation set in on cooling. After decolorisation by charcoal and recrystallisation from a 
little water, 3-nitro-4-dimethylaminobenzenesulphonic acid was obtained in pale golden needles, 
which appeared identical with the product (B). Both specimens gave the same sulphonanilide, 
m, p. and mixed m. p. 182°, as follows: Equal weights (about 2 g.) of the sodium salt of the 
sulphonic acid and phosphorus pentachloride were heated on the water-bath for 2 hours, excess 
of aniline added, and heating continued for 14—2 hours. The mixture was then cooled and 
after filtration the precipitate was washed with ether to remove the excess of aniline and with 
water to remove chlorides and unchanged sodium salt, dried, and crystallised from hot alcohol 
(charcoal), forming lustrous white plates (Found: C, 52-3; H, 4:6; N, 13-0. C,,H,,O,N;S 
requires C, 52-3; H, 4-7; N, 13-1%), readily soluble in methyl alcohol, acetone, glacial acetic 
acid and hot ethyl alcohol, slightly in benzene, carbon disulphide and hot water, and insoluble 
in ether and chloroform. 

Influence of Mineral Acid Concentration on Yields of Products —4 G. of dimethylaniline-p- 
sulphonic acid were dissolved in water, and concentrated sulphuric acid added. A solution 
containing 5-492 g. of sodium nitrate was then added, the reaction mixture being cooled in ice. 
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The total volume of solution in each case was 100 c.c., and the resulting mineral acid concentra- 
tions varied from 0-5n to 6n. The mixture was kept for 17—18 hours and then submitted to 
filtration. The precipitate was extracted with light petroleum, and the residue, consisting of 
nitro-sulphonic acid, dried and weighed. The petroleum solution was évaporated to dryness; the 
residue, after being washed with cold 5n-hydrochloric acid, was washed on to a sintered glass 
crucible, dried, and weighed along with the small further quantity of nitrosoamine isolated from 
the filtrate. The acid solution, containing p-nitrodimethylaniline, was neutralised with sodium 
hydroxide solution and the precipitate was dried and weighed, along with the small further 
quantity obtained by treatment of the filtrate by concentration and neutralisation. 

Solubility data for 4-nitrophenylmethylnitrosoamine in 5n-hydrochloric acid were obtained 
from figures by R. L. Mitchell (Ph.D. Thesis, Aberdeen, 1934). 

Solubility of 3-Nitro-4-dimethylaminobenzenesulphonic Acid in 100 c.c. of Sulphuric Acid of 
Various Concentrations at 14°. 


EEE SLOSS 1 2 3 4 5 
Solubility, 8. .....+s+e-s-e0++- 0°6710 0-5660 0-547 0-5217 0-4823 0-4100 


The results were calculated as g.-mols. of product derived from 1 g.-mol. of initial material. 


Yields (corrected for solubilities). 
3-Nitro-4-dimethylamino- 4-Nitrophenylmethyl- -Nitrodimethyl- 
Acid, N. benzenesulphonic acid. nitrosoamine. aniline. 
0-5 0-319 0-0037 0-052 
0-320 0-0207 0-0336 
0-333 0-0277 0-0263 
0-360 0-0487 0-005 
0-379 0-0547 -—- 
0-380 0-0547 —- 
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350. The Oxidation of Aldehydes. Part I. The Combustion Zones of 
Butaldehyde, isoButaldehyde, Propaldehyde, Acetaldehyde, Glyoxal, 
and Acraldehyde. 


By D. M. Newitt, L. M. Baxt, and V. V. KELKar. 


The combustion zones of a series of saturated and unsaturated aldehydes have been 
mapped out over a wide range of temperatures and pressures. A comparison of the 
combustion diagrams indicates that the order of reactivity of the saturated aldehydes 
with respect to oxygen depends upon the composition of the reacting medium and 
upon its temperature and pressure. 

The effect of a side chain is to increase the resistance of the aldehyde to oxygen 
attack, and the presence of a€iouble bond alters the character of the combustion in 
such a way as to suggest that the processes occurring at low temperatures result in a 
slower building up of the critical concentration of the particular species responsible for 


cool flame inflammation. 
The existence of three pressure limits of normal ignition have been observed in the 


case of the saturated aldehydes. 


Newitt and THorNEs recently showed (J., 1937, 1656) inter alia that some of the charac- 
teristic features of the oxidation of propane were associated with the presence, in critical 
concentrations, of higher aldehydes formed in the earlier stages of the combustion; and 
they concluded, from the results of chemical analysis, that these aldehydes reacted with 
oxygen in two ways, depending on the temperature and pressure of the system, yielding, on 
the one hand, the corresponding per-acids, and on the other, a series of lower aldehydes. 
Comparatively few data upon the oxidation of the higher aldehydes in the gaseous phase 
ate available to test this hypothesis. Pope, Dykstra, and Edgar (J. Amer. Chem. Soc., 
1929, 51, 1875, 2203) examined m-heptaldehyde and »-butaldehyde in a flow system at 
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atmospheric pressure, and suggested that in the low-temperature range, 200—335°, oxid- 
ation to lower aldehydes occurs step-wise according to the reactions : 


Main reaction: C,H,,,,CHO + O, = C,_,H,,_,*CHO + H,O + CO 
Side reaction: C,H,,,,°CHO + 1-50, = C,_,H,,_,-CHO + H,O + CO, 


Bodenstein (Sitzungsber. preuss. Akad. Wiss., 1931, III, 73), Hatcher, Steacie, and Howland 
(Canadian J. Res., 1932, 7, 1491), and Pease (J. Amer. Chem. Soc., 1933, 55, 2753) have 
studied the oxidation of acetaldehyde over restricted ranges of temperature, pressure, and 
mixture composition in static systems. They are in agreement that the combustion 
involves a chain mechanism and that peracetic acid is an important intermediate product, 
but they differ as to the precise mechanism by which chains are initiated and propagated. 
Hatcher, Steacie, and Rosenberg (J. Physical Chem., 1934, 38, 1189) have extended their 
work to include propaldehyde, and conclude that it undergoes oxidation by the same 


mechanism as does the lower aldehyde. 
Fic. 1. 







































































The slow oxidation of gaseous glyoxal at temperatureg between 150° and 220° has been 
investigated by Steacie, Hatcher, and Horwood (J. Chem. Physics, 1935, 3, 551), who find 
that the intermediate products are perglyoxylic and glyoxylic acids. No systematic work 
appears to have been done upon isobutaldehyde and acraldehyde. ; 

In view of the importance of aldehydes in the combustion of hydrocarbons generally, it 
was thought worth while to examine the oxidation of some typical members over the whole 
range of conditions from slow combustion to ignition, and to endeavour to link up the 
mechanism of their oxidation with that of the parent hydrocarbons. The results of the first 
part of this programme are contained in the present paper. 

In their work on propane, Newitt and Thornes (loc. cit.) emphasised the importance of 
defining the experimental conditions by reference to a combustion diagram in which the 
slow-combustion, cool-flame, and true ignition zones are accurately demarcated; and the 
same considerations apply to aldehydes. No data applicable to experiments in the pressure 
range 10—76 cm. Hg are, however, available. The work of Prettre (Bull. Soc. chim., 1932, 
51, 1152) is confined to one pressure, and that of Kane, Chamberlain, and Townend (J., 
1937, 436) covers a range of some 5 atm. It was, therefore, necessary at the outset to 
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construct the requisite reference diagrams for mixtures of such composition that all three 
combustion zones would fall within a pressure range of ca. 1 atm., and that the ignitions at 
all temperatures would be comparatively mild in character. Mixtures containing 9—20% 
of aldehyde and 91—80% of (2N, + O,) were found to be suitable, the proportions being 
varied according to the number of carbon atoms contained in the aldehyde. 


EXPERIMENTAL. 


The apparatus employed is shown in Fig. 1. Redistilled aldehyde * was dried over anhydrous 
sodium sulphate and stored in the blackened bulb A. The oxygen—nitrogen mixture was made 
in the gas-holder H and passed into the apparatus through a tower C containing calcium chloride 
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and a tube P containing freshly distilled phosphoric anhydride. The combustible mixture was 
made in the vessel S to such a pressure that, when it was placed in communication with the 
reaction vessel R, the resultant pressure was that required for the experiment. Mixing was 
effected by means of glass beads contained in S. 

The cylindrical reaction vessel was made of transparent silica and had a capacity of ca. 500 
c.c. It was enclosed in an electric furnace the temperature of which was read by means of a 
mercury thermometer calibrated at frequent intervals against a standard thermometer. As 
mercury vapour was found to exert a marked catalytic effect both upon the rate of polymeris- 
ation of the aldehyde and upon its combustion, precautions were taken to exclude it from the 

* Glyoxal was prepared from the solid polymer by heating with phosphoric acid (Harries and 
cis” Ber., 1907, 40, 165). 
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system. In place of the mercury manometer usually employed in such experiments, a 12-inch 
Bourdon gauge, calibrated in degrees, was used. 

In order to maintain the surface of the reaction vessel in a uniform state of activity relative to 
the reaction, a strict ritual was observed during each series of experiments. The surface was first 
‘“‘ normalised ’’ by carrying out a number of experiments at short intervals until the rate of re- 
action became substantiallyconstant. Subsequently, aftereachexperiment, the bulb was washed 
out with air and evacuated at the reaction temperature for 15 minutes. In this way satisfactory 
reproducibility was obtained. 

The cool-flame and the normal-ignition temperatures were measured by introducing a 
mixture of constant composition into the vessel at a series of progressively increasing pressures 
until two pressures were found, differing by not more than 5 mm., at the lower of which ignition 
did not take place and at the upper of which it did. 

It should be borne in mind that the absolute values of the ignition temperatures and pressures 
depend to some extent upon the experimental method and upon the nature of the surface of the 

reaction vessel. The general character of the 
ignition temperature—pressure curves, how- 
17 T ever, is not materially altered by surface con- 
ditions provided the surface is “‘ normalised ”’ 
as described above (Townend, Cohen, and 
Mandlekar, Proc. Roy. Soc., 1934, A, 146, 113). 

A Comparison of the Combustion Diagrams. 
—(1l) Propaldehyde. Since our original in- 
tention was to confine the work to those 
aldehydes produced by the combustion of 
propane, propaldehyde was the first to be 
investigated. In the preliminary experiments, 
a mercury manometer being used to record 
pressures, the upper slow combustion and 
ignition zones for a 12% propaldehyde—88% 
(2N, + O,) mixture were mapped out. The 
boundary curve is shown in Fig. 2, Curve A. 
On attempting to continue the curve to lower 
7o.—l 7 eae | temperatures, unexpectedly erratic results 

73 14'S 78 +9 were obtained, the pressure required for 

U7«10? ignition at any one temperature sometimes 

1 = Upper ignition (mercury). varying by more than 50% in successive 

2 = Upper ignition (mercury-free). experiments. Eventually it was discovered 

3 = Low pressure ignition (upper curve). that mercury vapour was influencing the 

: se. a om ignition (lower curve). results,* and on replacing the manometer by 

a Bourdon gauge, Curve B was obtained in 

which the reproducibility was satisfactory throughout the whole range of temperatures 

and pressures. The horizontal distance between the two curves gives a qualitative measure 
of the inhibiting influence of mercury vapour on the oxidation. 

In general, the diagram is similar to that of propane, although the aldehyde is always the 
more reactive. The phenomenon of multi-cool flames is again observed, but their number never 
exceeds three. An interesting feature of the diagram is the low-pressure ignition peninsula 
between 240° and 255°. It will be observed that in this region a series of isotherms may be 
drawn representing temperatures at which there are three pressure limits of normal ignition with 
an intervening zone in which cool-flame combustion alone takes place. It will be shown later 
that this phenomenon is characteristic of the higher saturated aldehydes although it tends to 
disappear on ascending the series. 

The critical pressures at which ignition occurs should, according to Semenov (‘‘ Chemical 
Kinetics and Chain Reactions,’’ 1935), be related to the absolute temperature by the expression 
log,,P = C/T + D, in which C and D are constants, the former depending upon the relative 
efficiencies of surface and gas molecules in breaking the chains, and the latter upon the dimensions 
of the reaction vessel and the composition of the mixture. This relation may be applied to 
Curve A, the upper part of Curve B, and the boundary curves of the low-pressure ignition 
peninsula and cool-flame zone. 

* The carbon, hydrogen, and oxygen balances from the analyses showed that rapid polymerisation of 
the aldehyde was taking place with very little oxidation. Acetaldehyde exhibited the same phenomenon. 
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On plotting log,,P against 1/T it will be seen from Fig. 3 that satisfactory straight lines are 
obtained. The values of the constants C and D for the five curves are as follows : 


C. 


Curve A ...... nab nss eas 2680 
Curve B: (1) Upper slow-combustion boundary ci curve . ne 3230 
(2) Cool-flame boundary curve ....... pageenseven 1080 
(3) Inner low-pressure ignition Curve .............s00s000 6670 
(4) Outer low-pressure ignition Curve .............00ss000 4160 


The variation of the constant D for the cool-flame curve and the adjacent normal ignition 
curves is an indication that different mechanisms are concerned. 
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The numerals adjacent to the boundary curves in Fig. 2 give the time-lags in seconds preced- 
ing ignition. They are shorter than the corresponding lags of the parent hydrocarbon but vary 
in much the same way with temperature and pressure. It is also noteworthy that, whereas at 
about 350° slow combustion takes place with no measurable change in pressure, yet above this 
temperature there is an increase and below a diminution in pressure. 

(2) n-Butaldehyde and isobutaldehyde. The influence of a side chain upon the reactivity of 
aldehydes is shown by a comparison of the combustion diagrams of mu- and iso-butaldehyde 
(Fig. 4). In each case the mixture employed contained 9-42% of aldehyde in (2N, + O,). 

Attention may be directed to the following points: (a) At all pressures the normal aldehyde 
is the more reactive; (b) whereas multi-cool flames are not observed with the n-aldehyde, as 
many as five successive flames may be formed by the iso-aldehyde; (c) the low-pressure ignition — 
peninsula noted with propaldehyde extends over about 1° in the n-aldehyde and is present only 
in a rudimentary form in the iso-aldehyde; and (d) reaction in the slow-combustion zones is 
accompanied by an increase in pressure in both cases. 
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(3) Acetaldehyde. The combustion diagram of an 18-8% acetaldehyde in (2N, + O,) mix- 
ture is shown in Fig. 5. It resembles in all essential respects that of propaldehyde. Above 350° 
the slow combustion occurring in the region to the left of the ignition curve is accompanied by an 
increase of pressure, whilst below 350° there is at first a rapid decrease of pressure, followed after 
some time by a slow increase. In the cool-flame zone two successive flames were always formed 
above 295° and a single cool flame below this temperature. 

For purposes of comparison the ignition temperature—pressure curves for propaldehyde and 
n-butaldehyde are shown on the same diagram. It will be seen at once that the order of reactiv- 
ity of the three aldehydes depends upon the temperature and pressure. For instance, between 
300° and 420° and above 450° propaldehyde is more reactive than acetaldehyde. The order of 
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reactivity between 300° and 345° is n-butaldehyde, propaldehyde, acetaldehyde, whilst in the 
lower slow-combustion zone the order is reversed, acetaldehyde being the most reactive. 

The low-pressure ignition peninsula is well defined for acetaldehyde and extends over some 
12°. A few experiments were carried out to ascertain the effect of the concentration of the 
combustible on the form and extent of this region. In Fig. 6, Curves A, B, and C refer to 
mixtures containing 23-0, 14-6, and 7:3% of aldehyde, respectively... As the concentration 
increases, the boundary of the peninsula widens and the apex moves in the direction of lower 
pressure and temperature. As with propaldehyde, a linear relation is found to hold between 
log,).? and 1/T for the boundary curves in this region. 

The occurrence of three pressure limits of explosion is not uncommon, and several examples 
have been studied in detail (cf. Neumann and Egorow, Physikal. Z. Sowietunion, 1932, 1, 536; 
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Neumann and Serbinoff, ]. Physical Chem. Russ., 1933, 4, 41; Foord and Norrish, Proc. Roy. 
Soc., 1935, A, 152, 196). The phenomenon, as exhibited by hydrogen, methane, and ethane, has 
well-defined characteristics which receive adequate explanation in terms of a combination of 
chain and thermal mechanisms. Thus, the dependence of the lower limit on the dimensions of 
the reaction vessel and the nature of its surface, and its independence of temperature, suggest 
that deactivation at the walls is a determining factor; the intermediate limit, on the other hand, 
is independent of the dimensions and surface of the vessel, is displaced towards higher pressures 
by increase of temperature, and is probably controlled by deactivation in the gas phase. The 
upper limit is associated with,a purely thermal explosion due to a departure from isothermal 
conditions as the rate of reaction accelerates. 
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The limits for aldehydes are essentially of a different kind from the above, for, whereas the lower 
limit of a 2H, + O, mixture at 550° is at a pressure of about 8 mm., that for a 23% aldehyde in 
(2N, + O,) mixture is some 12 times greater. Deactivation at the walls cannot, therefore, in 
this instance, be regarded as a likely determining factor. It is also noteworthy that both the 
lower and the intermediate limits move in the direction of lower pressures, and approach one 
another, with rise of temperature, until eventually they meet and there is a unique temperature 
at which two limits only exist. The upper limit shows no marked variation with temperature. 

The induction periods of the lower and upper limits decrease and those of the intermediate 
limit increase with rise of temperature. Finally, the region between the intermediate and upper 
limits is one in which cool-flame inflammation occurs, probably due to a reaction of the 
degenerate branching chain type. The chemical changes occurring in the neighbourhood of the 
three limits afford some indication of the mechanisms concerned and are discussed in the succeed- 
ing paper. 

(4) Glyoxal. Glyoxal occurs as an intermediate in the slow oxidation of acetylene and is also, 
by virtue of its structure, of importance in connexion with the mechanism of aldehyde 
oxidation generally, 

The combustion diagram of a (CHO), + O, + N, mixture (Fig. 7) exhibits some interesting 
features when compared with those of the other aldehydes just considered. In particular, 
although there is a well-defined low-pressure ignition system, cool flames are not formed and the 
pressure minimum of ignition occurs at a much higher temperature, as will be seen from ‘the 
following figures : 

Pressure minimum of Corresponding ignition 
Aldehyde. ignition, cm. Hg. temp. 
Acetaldehyde .........sc.c:sssseeeseeseeees 9-0 250° 
PRS 5.5855 6.2 00 gescisecks cco sc eees 16-0 268 
w-Butaldehyde  .........ccosscssecceceecee 24-0 272 


ROU TUIUIIOD inne. 000009 tensneonecenss 22-0 286 
GEPOME | hes ceccoccevedecocsne ses seceescccece 12-5 370 
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On the other hand, it differs from that of formaldehyde in which there is no low-pressure system 
(Kane, Chamberlain, and Townend, loc. cit.). 

(5) Acraldehyde. The combustion diagrams of two acraldehyde—oxygen-nitrogen mixtures 
are included in Fig. 7, and illustrate the influence of a double bond in modifying the character- 
istics of the combustion. In both cases the low-pressure ignition region is less clearly defined 
than with the saturated aldehydes and the minima occur at higher temperatures, namely, at 305° 
for the CH,-CH-CHO + O, + N, mixture (Curve A) and at 319° for the CH,;CH-CHO + 20, + 
N, mixture (Curve B). The cool-flame zones are also of smaller extent, and the flames them- 
selves are comparatively weak and are accompanied by only a feeble pressure pulse. In this 
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respect the behaviour of acraldehyde resembles that of the higher olefins (cf. propylene; Kane 
and Townend, Proc. Roy. Soc., 1937, A, 160, 174). 


Conclusions.—A comparison of the various combustion diagrams indicates that the 
order of reactivity of the saturated aldehydes with respect to oxygen depends upon the 
temperature, pressure, and composition of the reacting medium; and in studying the 
course and mechanism of their oxidation it is, therefore, necessary to specify the experi- 
mental conditions by reference to the corresponding diagram for the mixture concerned. 
It will be observed that all the previous work upon the oxidation of aldehydes, with the 
exception of that of Pope, Dykstra, and Edgar, and of Townend and his collaborators, has 
been confined to a restricted region at the low-temperature boundary of the diagrams. 

In order to interpret the results obtained it is necessary first to supplement them by an 
identification of the products formed at various stages of the oxidation and by a systematic 
study of its kinetics: The analytical results are described in the succeeding paper. 
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351. The Oxidation of Aldehydes. Part II. The Products of their 
Combustion. 


By D. M. Newitt and L. M. Baxt. 


The oxidation products of a series of saturated and unsaturated aldehydes have 
been studied over a wide range of conditions from slow combustion to normal ignition. 
During the oxidation of propaldehyde and acetaldehyde the initial product consists 
of a relatively stable peroxide [peroxide (1)], isomeric with the corresponding per-acid. 
This substance, which is found at all stages prior to cool-flame inflammation or normal 
ignition, decomposes to give a second peroxide [peroxide (2)] and an alcohol; in aqueous 
solution it changes into a per-acid. The incidence of cool flames and normal ignition 
are shown to be conditioned by its presence in critical concentrations. 

There is no evidence that per-acids or acids are formed in an excess aldehyde- 
oxygen medium during reaction, except at low temperatures. 

At high temperatures some step-wise oxidation of aldehydes takes place to give 
lower members of the series. 


THE products from the slow combustion of the higher paraffin hydrocarbons in the gaseous 
phase suggest that the aldehydes formed in the early stages are able to undergo oxidation 
in two ways, yielding, on the one hand, a series of lower aldehydes (Pope, Dykstra, and 
Edgar, J. Amer. Chem. Soc., 1929, 51, 1875, 2203), and on the other, the corresponding 
per-acid (Bodenstein, Sitzungsber. preuss. Akad. Wiss., 1931, III, 73). The evidence for 
the former reaction is by no means conclusive and rests mainly upon the proportions in 
which the reactants combine in the initial stages of the oxidation, and upon the identific- 
ation of formaldehyde in the products. The difficulty of obtaining direct proof is due to 
there being no known easily separable derivatives of the higher aldehydes and no distinctive 
chemical tests for them. 

Bodenstein concluded that peracetic acid was the principal intermediate formed during 
the oxidation of gaseous acetaldehyde, and as a result of a kinetic study of the reaction, 
propounded a chain mechanism in which the initial product formed from an activated 


aldehyde molecule and oxygen is assumed to be a peroxide of structure CH,CHC 0. 
O 


This substance, by loss of energy in a collision with the walls of the containing vessel or 
with one of the reactant molecules, is transformed into peracetic acid. 

Hatcher, Steacie, and Howland (Canadian J. Res., 1932, 7, 1491) suggest that during 
the induction period the following two surface reactions occur simultaneously : 


CH,CHO + 2-50, = 2CO, + 2H,O 
CH,-CHO + 1-50, = 2H-CO,H 


succeeded, at a later stage, by a homogeneous reaction in which two peroxides, having the 
empirical formule CH,*-CHO,O, and (CH,°CHO),,Og, are formed. 

Both these investigations and also that of Pease (J. Amer. Chem. Soc., 1933, 55, 2753) 
relate to reactions at and below 125° in the lower slow-combustion zone and no correspond- 
ing work appears to have been done in the cool-flame and the upper slow-combustion 
zone. The results are now recorded of a detailed analysis of the products formed during 
the oxidation of propaldehyde, acetaldehyde, acraldehyde, and glyoxal in all three zones. 


EXPERIMENTAL. 


The Aldehydes formed by the Slow Oxidation of Propane.—As a preliminary to the work an 
attempt was made to identify, by chemical tests, the aldehydes formed during the slow oxidation 
of propane. No difficulty was experienced in distinguishing between higher aldehydes and 
formaldehyde (Newitt and Thornes, J., 1937, 1656), but all attempts to prepare pure derivatives 
of propaldehyde and/or acetaldehyde failed, partly owing to the small quantities of product 
available and partly owing to their complexity. 
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Resort was, therefore, had to the spectroscope. Propaldehyde, acetaldehyde, and form- 
aldehyde all give characteristic absorption spectra in the near ultra-violet, which are easily 
identifiable. The method employed was essentially that of Egerton and Pidgeon (Proc. Roy. 
Soc., 1933, A, 142, 26), who examined the absorption spectra of the products from the slow 
combustion of butane and pentane in a flow system at atmospheric pressure. We have, how- 
ever, replaced the long absorption tube used in their experiments by a shorter steel tube fitted 
with thick quartz windows, and have worked at high pressures in a static system. 

By employing a 20% propane-air mixture at 290—330° and 10—27 atm. pressure the spectra 
reproduced in Plate I were obtained. Spectrum A was taken as the gas mixture was being 
admitted to the heated reaction tube and shows four diffuse bands at 3245, 3090, 2665, and 
2565 A. These correspond with the known bands of propaldehyde (Eastwood and Snow, 
Proc. Roy. Soc., 1935, A, 149, 434). In addition, two faint and very diffuse bands were observed 
at 2440 and 2350 A., which may possibly be a continuation of the propaldehyde series. Spectra 
B—P were taken at 10-minute intervals. They show the well-known formaldehyde bands 
increasing in intensity as the reaction proceeds, together with an internal “ cut-off ” extending 
from 3000 to 2620 A., and an external cut-off in the far ultra-violet from 2490 A. The internal 
cut-off occurs over the range in which the bands due to acetaldehyde are normally found, and 
appears to be characteristic of acetaldehyde under our experimental conditions. The external 
cut-off is due to olefins and organic acids, one or both of which are known to be present in the 
reacting medium. The external cut-off is evident at the beginning of the reaction (Spectrum 4), 
decreases in intensity over the first 40 minutes, and then increases until eventually it merges 
with the internal cut-off (Spectra K—P). 

These results show that propaldehyde is the only aldehyde present in the early stages of the 
oxidation and that the lower aldehydes are formed later, the concentration of formaldehyde 
increasing with time. 

The Composition of the Reacting Medium during the Oxidation of Acetaldehyde and Prop- 
aldehyde.—In order to ascertain the conditions under which higher aldehydes undergo oxidation 
in two ways, an arbitrary isobar was selected on the appropriate combustion diagram, and the 
composition of the reacting medium at various points along it, in the lower and upper slow- 
combustion, and in the cool-flame zones, was determined by chemical analysis. At each point 
a series of experiments was carried out in which the reaction was arrested at a number of pre- 
determined intervals before completion, and the proportions of reactants and products estimated. 

The apparatus employed was that described and illustrated in Part I. 

Analytical Methods.—To obtain representative samples of the gaseous and liquid products 
at any stage of the oxidation, two separate experiments were usually required. In the one, the 
reaction was arrested by removing the silica bulb from the furnace and plunging it into an ice- 
water bath, and a gas sample withdrawn and stored over mercury; in the other, the reaction 
was arrested as before and the bulb and its contents were then furthér cooled in liquid air, the 
condensed products dissolved in a measured quantity of distilled water, and aliquot parts of 
the solution taken for the various analyses. This procedure was rendered necessary owing to 
the high vapour pressure of the aldehydes. 

The gaseous products, after removal of aldehyde vapour by means of solid zinc chloride, 
were analysed by absorption with the appropriate reagents and by explosion with an excess 
of oxygen in a constant-volume apparatus. Analyses of the liquid products were carried out 
as soon as possible after the termination of an experiment, as their composition in aqueous 
solution was found to change on standing. With practice all the essential operations could be 
completed within 15 minutes. 

The products from the slow oxidation of acetaldehyde include peroxides and peracetic acid, 
methyl alcohol, formaldehyde, traces of acetic and formic acids, the two oxides of carbon, and 
steam. Methane is sometimes found in circumstances in which some thermal decomposition 
would be expected to occur, but ethylene and acetyl peroxide do not appear to be formed. 
Propaldehyde gives, in addition to products corresponding with the above, ethyl alcohol, 
acetaldehyde, and propionic acid; no ethane or propylene survives in the products. 

The methods of estimating the alcohols, total acids, total higher aldehydes, and formaldehyde 
have been described by Newitt and Thornes (Joc. cit.). Peroxides and per-acids were estimated 
according to the method of Clover and Houghton (Amer. Chem. J., 1904, 82, 43). Their pro- 
cedure distinguishes between two types of peroxide, viz., those which liberate iodine immedi- 
ately from a neutral solution of potassium iodide and those which liberate it slowly from an 
acid solution; the former we have designated peroxide (1) and the latter peroxide (2). It will 
be shown later that the peroxide (1), formed during the slow oxidation of aldehydes, contains a 
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Absorption Spectra of a Reacting Propane—Oxygen—Nitrogen Mixture. 
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per-acid and some other non-acidic peroxide, isomeric with and changing into the per-acid on 
standing in aqueous solution. Peroxide (2) is probably a dialkyl or alkyl hydrogen peroxide 
formed by the decomposition of peroxide (1): C,Ho,4,°CHO,O, = C,H,,,,0°OH + CO. It 
may also include hydrogen peroxide and any other peroxidic substance formed by the inter- 
action of an alkyl peroxide with an aldehyde (cf. Lenher, J. Amer. Chem. Soc., 1931, 58, 2420, 
3737). 

Acetaldehyde. The products from an 18-8% acetaldehyde in (2N, + O,) mixture were 
examined along the 16-5 cm. isobar (Part I, Fig. 4), at 230° (lower slow-combustion zone), 237° 


Fic. 1. 
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Gram-atoms % of carbon burnt. 


Peroxide (2) 








. 140 220 260 300 


Time, secs. 


Combustion products of a CH,-CHO = 18-8%, (2N, + O,) = 81-2% mixture in the lower slow-combustion 
zone ; T = 230° * P = 16-6 cm. Hg. 


0 2 60 400 


(low-pressure ignition peninsula), 245° (single cool-flame zone), 300° (double cool-flame zone) 
and 350° (upper slow-combustion zone). The results, expressed as moles’ of each product, at 
various stages of the respective reactions, are summarised in Tables I—X and are shown, in 
several instances, by a group of curves in Figs. 1 and 2. The graphical results are expressed 
as g.-atoms % of carbon burnt. 

(a) The lower slow-combustion zone (Table I and Fig. 1). The slow combustion at 230° is 
accompanied, at first, by a fall in pressure, succeeded by a slow rise. The analytical data show 
that during the early stages of the reaction most of the aldehyde is oxidised to peroxide (1) and 
acid, both reaching a maximum after about 1 min., at which time nearly one-half of the reactants 


1714 Newitt and Baxt: 


have been consumed. At this point peroxide (1) appears to decompose more rapidly than it is 
formed, giving peroxide (2) and methyl alcohol : 


CH,-CHO,O, —> CH,-OOH + CO —> CH,-OH + CO, 


Since no formaldehyde is found at any stage of the reaction it is improbable that any oxidation 
of the type postulated by Pope, Dykstra, and Edgar (loc. cit.) is taking place. 

The ratio of aldehyde to oxygen used is 1-32 after 20 secs., falling abruptly to about 0-7 in 
the later stages of the reaction; the latter result is in harmony with the observation of Hatcher, 
Steacie, and Howland (loc. cit.), who found 0-62. It is also noteworthy that the ratio CO/CO, 
falls rapidly from 1 to about 0-3 as reaction proceeds, there being indications of a minimum 
at 14 minutes. 
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TABLE [.* 


Products from the combustion of an 18-8% CH,*CHO-81-2% (2N, + O,) mixture in 
the lower slow-combustion zone. T = 230°. P = 16-6 cm. Hg. 


Time (secs.). . 20. 40. ; 80. 100. 120. . 200. 300. 
CH,'CHO . 409 3-39 . 2-10 ° 2-00 . 1-60 1-41 
Dy ccccnecsssenncesressatonens 5-43 . 3-41 2-57 2-28 
IEE _snetsntresescncensies : 0-45 : 0-56 0-54 0-57 
Peroxide (1) .........00 ° 1-16 y 1-70 1-76 1-66 
Peroxide (2) a 0-08 , 0-20 0:27 0-20 
CPOE cvecressnesseceecs Trace ; 0-82 0-99 1-07 
S capper aegeneopasovconcse 0-38 , 1-08 1-76 2-04 


ML Tah ON 0-22 0 0-33 0-63 0-76 
CH,-CHO/O, used 


z 


~I- be 


. 0-84 : 0-64 0-70 0-72 
Cco/CO, conkes 1- 0-58 , 0-31 0-33 80-37 

* In this and all the other tables the amounts of reactants and products are recorded in terms of 
moles x 10~ unless otherwise stated. 


Reeeeen 
PSSr? 2? 
Essbn88 


SSSrOSS* 
BsseRae 
@ 


Attention may be directed to the relative proportions of peroxide (1) and acid found through- 
out the reaction. If the peroxide consisted solely of peracetic acid then the acid figure should 
equal or exceed the peroxide figure, as indeed was found by Hatcher, Steacie, and Howland 
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(loc. cit.) and by Pease (loc. cit.), who took the difference to be a measure of the acetic and 
formic acids present. In our experiments we were unable to detect any acetic or formic acid 
in the products immediately after cooling; and, in order to investigate the matter further, we 
repeated one of Pease’s experiments in which an equimolecular acetaldehyde-oxygen mixture 
reacted at 100° and 40-2 cm. pressure, in a Pyrex glass bulb. The analysis again revealed a 
large excess of peroxide (1) over acid. It was observed, however, that the composition of the 
aqueous solution of products changed rapidly on standing, the acid content increasing by more 
than 100% in the course of an hour, whilst both the peroxide and aldehyde content diminished. 

The data for two experiments are summarised in Table II. Since the residual aldehyde 
decreases to a much greater extent than the peroxide, it must be assumed that the latter con- 
sists of a mixture of peracetic acid (the quantity of which is given by the immediate acid titration) 


TABLE II. 


Change in the composition of an aqueous solution of the products from the reaction of a 
CH,°CHO + O, mixture at 100° and 40-2 cm. 


Time interval before Products. 
analysis (mins.). Acid. Peroxide (1). Residual CH,-CHO. 
Immediate 6-08 13-71 15-80 
* 40 13-46 13-70 9-88 
60 16-50 11-90 9-86 


Immediate 6-69 13-33 15-10 
t 35 14-00 13-10 9-34 
65 18-00 10-60 8-35 
* Pressures recorded by mercury manometer. 
+ Mercury manometer replaced by Bourdon gauge. 


and another, isomeric, non-acidic peroxide which, on standing, may either change into peracetic 
acid or combine with the residual aldehyde to give acetic acid. If the increase in the acid con- 
tent is assumed to be due to these changes, then a simple calculation gives the fraction (k) of 
the non-acidic peroxide changing into per-acid during the intervals of standing. The values of 
k are given in the last column of the table. , 

(b) The low-pressure ignition peninsula (Table III). At 237° ignition is preceded by an 
induction period of about 20 secs. Samples taken during this period show that peroxide (1) is the 
principal product; just before ignition about 40% of the carbon of the aldehyde burnt is present 
in the system as peroxide (1), and 70—80% of the reactants remain uncombined. The ratio of 
aldehyde to oxygen consumed during the pre-ignition period is 1-4 and the ratio CO/CO, is 7-0. 
No methyl alcohol and only a trace of peroxide (2) are found, showing that little or no decom- 
position of peroxide (1) has taken place. 

The products after ignition consist only of the two oxides of carbon, hydrogen, methane, 
and steam. 

TABLE III. TABLE IV. 


Products from the combustion of an 18-8% Products from the combustion of an 18-8% 
CH,°CHO-81:2% (2N,+0,) mix- CH,°CHO-81:2% (2N, + 0,) mixture 
ture in the low-temperature ignition in the lower cool-flame zone. T = 245°. 
peninsula. T = 237°. P = 16-7 cm. P = 16-5 cm. 


After 
10. 17. ignition. Time (secs.). 
413 383 — 
7:36 6-75 0-47 ia. pipbaind ere Sealine 
— 0-24 Peroxide (1) 
0-15 0-50 Peroxide (2) 
— Trace H-CHO ..........0. 
0-02 (0-18) 
0-14 0-18 


7.* 30. 60. 
2-03 2-05 
4-85 4-60 

Trace Trace 
0-15 0-18 
0-26 o 35 
1-65 
0-79 
2-82 

— . CH,’ CHO/O, “used 1-16 
1-4 40 1-40 CO/CO 1 -60 3-60 ° 
700 — 2-40 a immediately after passage of cool ‘fume. 


Time (secs.). 
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(c) The single cool-flame zone (Table IV, Fig. 2). At 245° the induction period before the 
passage of the cool flame is 6-5 secs., and only permits of one sample being taken. The data 
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show that just prior to inflammation, the conditions are not unlike those at the corresponding 
time before low-pressure ignition. Rather less of the reactants have combined and there is a 
smaller concentration of peroxide (1) inthe medium. The ratio of aldehyde to oxygen consumed 
is 1-94. 

During the passage of the cool flame, peroxide (1) is completely decomposed, giving methyl] 
alcohol and small quantities of peroxide (2), and the rate of oxidation of the aldehyde is greatly 
increased. No acids are found at any stage of the reaction and hence, under the experimental 
conditions, peracetic acid is not formed. Formaldehyde is found in the medium after the 
passage of the cool flame and increases in quantity as the reaction proceeds; its presence con- 
stitutes the first evidence that the oxidation follows a different course from that at lower 
temperatures. 

The ratio CH,-CHO/O, falls to 1-16 and the ratio CO/CO, rises to 3-6 after the passage of the 
flame, the increase in the carbon monoxide content of the products being due in part to the 
decomposition of peroxide (1). 

(d) The double cool-flame zone. At 300° there are two cool flames, the first appearing after 
an induction period of only 2 secs. and the second after 8-5 secs. The analytical results are 
very similar to those for a single flame and need not be given in detail. It may be mentioned, 
however, that the intensity of the second cool flame is less than that of the first, probably owing 
to the fact that peroxide (1), which disappears during the passage of the first flame, has not time 
to build up to the same concentration before the second inflammation occurs. Formaldehyde 
and peroxide (2) are present after the passage of the first flame and increase in amount as reaction 
proceeds. No per-acids or acids are formed and, even after the second flame has traversed the 
medium, nearly 40% of the original oxygen and 18% of the acetaldehyde remain uncombined. 

(e) The upper slow-combustion zone (Table V). The reaction at 350° proceeds rapidly, nearly 
80% of the aldehyde being used in the first 10 secs. No peroxide (1) survives in the products, 
but methyl alcohol and peroxide (2), arising from its thermal decomposition, are present in 
comparatively large amounts. Formaldehyde is also found throughout. TheratioCH,-CHO/O, 
used is 1-08, and the ratio CO/CO, after 10 secs. is 5-50. 


TABLE V. 


Products from the combustion of an 18-8% CH,*CHO-81-2% (2N, + O,) mixture in 

the upper slow-combustion region. T = 350°. P = 16-6 cm. 

Time (secs.). ! ; 10. Time (secs.). , 5. 10. 
CH gCIBO! 5n....kipith . 0-61 2 EE RO 6 7 
Os instinghdidahdodstenses 2-90 GOD icddcaschssastnnceness 7 1 
Peroxide (2) -- CH,°CHO/O, used... 0 
+ ieeonbietane 2-10 5 aah “1 
BEC. daccstecisey ess , 0-26 

Propaldehyde.—The products from a 12-55% propaldehyde in (2N, + O,) mixture were 
examined along the 28 cm. isobar (Part I, Fig. 2), at 235° (lower slow-combustion zone), 260° 
(lower cool-flame zone), and 360° (upper slow-combustion zone). The results, summarised in 
Tables VI—VIII, show a general resemblance to those of acetaldehyde and need not be com- 
mented on in detail. Attention may, however, be directed to certain features of importance in 
connection with the mechanism of the combustion. 

(a) The lower slow-combustion zone (Table VI). During the course of the slow reaction, 
peroxide (1) and the acid figure reach a maximum when about one-half the reactants have been 
used. Peroxide (2), methyl alcohol, and formaldehyde, on the other hand, increase throughout. 
Ethyl alcohol is found in comparatively large quantities in the early stages of the reaction, but 
undergoes further rapid oxidation and cannot be detected in the later stages. 

The ratio of propaldehyde to oxygen consumed falls from 1-14 after 20 secs. to 0-43 after 
200 secs., when some 45% of the reactants still remain uncombined. This figure is lower than 
the corresponding ratio for acetaldehyde, possibly owing to the inclusion under propaldehyde 
of any acetaldehyde formed during the reaction. 

(b) Lower cool-flame zone (Table VII). Two analyses were carried out at 260°, one immedi- 
ately before and the other after the passage of a cool flame. On comparing the results with 
those for acetaldehyde (Table IV), it will be seen that the ratio of aldehyde to oxygen used falls 
rapidly after the passage of the flame, and the ratio CO/CO, is much greater than for the slow- 
combustion zone. Peroxide (1) is found in the pre-flame period, and peroxide (2) after the 


passage of the flame. 
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50 
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TABLE VI. 


Products from the combustion of a 12-55% C,H,*CHO-87-45% (2N, + O,) mixture in 
the lower slow-combustion region. T = 235°. P = 28-1 cm. 


Time (secs.). ; . . 60. 80. 
CoH CHO? © .ncrcccccccccccccccce 6 , . 3-78 
O sosece Sap qagbe’ 9-58 
0-37 
1-16 
0-40 
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Peroxide (1) ... 
Peroxide (2) 
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C,H,°-CHO/O, used * ............ 
ria pili. 
* Including any acetaldehyde. 


TABLE VII. TABLE VIII. 


Products from the combustion of a 12-55% Products from the combustion of a 12-55% 
C,H,-CHO-87-45% (2N,+0,) mix- C,H,-CHO-87-45% (2N,+0,) msx- 
ture in the lower cool-flame zone. ture in the upper slow-combustion region. 
T = 260°. P = 27-0 cm. T = 360°. P = 28-0 cm. 


Time (secs.). ‘ 6. 8.* Time (secs.). 
C,H,CHO ........5... 5 3-98t 2-54f C,H, CHO ............. 
O 12-60 Qe + seaporrezinee 
0-10 Peroxide (2) 
Trace ; ) a” Ra 
1-43 
0-08 . 

0-32 . eee 
—- . C,H,-CHO/O, used * 
2-85 cojeéo 

4-00 


* After passage of flame. * Including any acetaldehyde. 
+ Including acetaldehyde. 


(c) Upper slow-combustion zone (Table VIII). At 360° no peroxide (1) or ethyl alcohol 
survives in the products, but methyl alcohol, peroxide (2), and formaldehyde are found in con- 
siderable quantities. The ratio propaldehyde to oxygen used is 0-74 after 10 secs. when about 
one-half the oxygen has been consumed. 

(With V. V. Kerxar.) Glyoxal (Table [X).—Qualitative analysis of the oxidation products 
of glyoxal gave peroxides, formaldehyde, oxalic acid, the two oxides of carbon, and steam. 
Glyoxylic acid was not detected. In this respect our results differ from those of Steacie, Hatcher, 
and Horwood (loc. cit.), who found no oxalic acid but considerable quantities of glyoxylic acid. 
Their experiments, however, were carried out at 150——-220°, whereas we have worked at 350° 
and upwards, under conditions approaching ignition. 

Quantitative analyses were carried out at two points on the 12 cm. isobar (Part I, Fig. 7), 
at 350° (adjacent to the low-pressure ignition boundary) and at 515°, and a third at 515° and 
21 cm, (adjacent to the high-temperature ignition boundary). 


TABLE IX. 


Products from the slow oxidation of a (CHO), + O, + N, medium at 350° and 515°. 
Products, as moles x 107. 
Temp.  Press., cm. CO,. co. Peroxide. Oxalic acid. CO/CO,. 
350° 12 1-04 4-67 0-25 0-49 4-50 
515 12 4-63 2-52 —_ 0-05 0-54 
615 21 6-93 © 4-32 0-03 0-12 0-62 
It will be noted that, in both instances in which combustion takes place near the ignition 
curve, peroxides survive in the products together with comparatively large quantities of oxalic 
acid. 
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Acraldehyde (Table X).—The products from a 50% acraldehyde in oxygen mixture were 
examined at 240° (lower slow-combustion zone; see Part I, Fig. 8), and those from a 
CH,:CH-CHO + O, + N, mixture at 325° (col-flame zone), and at 350° (upper slow-combustion 
zone). 


TABLE X. 


Products from the combustion of acraldehyde at 240°, 325°, and 350°. 


Reacting mixture .............++ CH,:CH-CHO + 0, CH,:CH-CHO + 0, +N, 


Temperature —...cccseeceeceeeeeees 240° 325° 350° 
Po i RR. 9 OR 20 10-3 10-3 


Reactants and products as moles x 10°. 


Tisdd DRIAB.) cncncscesceppeepescceves 2-45 8-46 23-25 oo 
Reactants : 
CEC) cen ccn cqewes coe ses : 11-53 . 8-10 4-92 
ORY MOM o.cccc ccc ccccccccccecccecce , 15-21 , 0-15 0-10 
Products : 
CO a eer eee 1-85 - 3-37 3-65 
eT 6 es Eee 0-23 * . 0-68 0-15 
SPEED chaipdseddebensuaastexieius 1-47 . 2-79 2-64 


+ 


2-34 . 8-22 7-81 
3-99 , 12-40 13-53 


be 1-71 . 1-51 1-73 
* Trace of ethylene oxide. t+ Considerable ethylene oxide. 


YORLOSOSS 
PDO O-1—t9 Wo 
SIR RO 
YVORKSSS PS 
@Swo-Ia Oto 
Aw rk ORAS aha 


Owing to the milder character of the processes occurring at low temperatures, the distinction 
between the cool-flame and the slow-combustion zones is not so marked as in the case of the 
saturated aldehydes. At 240° and 20 cm. the peroxides, acids, and formaldehyde reach a 
maximum after 5 mins., when 75-8% of the oxygen has been used up. 

At 325° and 10-3 cm., in the cool-flame zone, and at 350° in the upper slow-combustion zone, 
the amounts of condensable products surviving are considerably less than in the lower slow- 
combustion zone, and the CO/CO, ratio is greater. There is also evidence of some thermal 
decomposition of the aldehyde in this region; e.g., ethylene appears in the gaseous products, 
and a considerable amount of ethylene oxide, formed by its further oxidation, is found. 


DISCUSSION. 


Although analytical results cannot of themselves reveal the mechanism of a chain- 
branching process which probably involves radicals, yet they may afford a valuable guide 
to the course of the reaction by establishing the various steps leading to the formation of 
stabilised intermediate products. 

In discussing the results of the present work the principal points requiring consideration 
are (a) the nature of peroxides (1) and (2), (6) the reactions leading to the formation of 
alcohols and lower aldehydes, (c) the occurrence of per-acids and acids, and (d) the con- 
ditions leading to cool flame and normal ignition in the low-temperature region. It is 
proposed to deal with glyoxal and acraldehyde in a further communication. 

The view generally held as to the mechanism of aldehyde oxidation is that reaction 
must be preceded by an activation of the aldehyde which then combines with oxygen to 
give an active peroxide; the latter, by loss of energy in a subsequent collision changes to 
the corresponding isomeric per-acid. Evidence in support of this mechanism, which was 
first suggested by Bodenstein (loc. cit.), and later modified by Backstrém (Z. physikal. 
Chem., 1934, B, 25, 99), has been obtained by Pease, Hatcher, Steacie, and Howland and 
others (loc. cit.), working with acetaldehyde and propaldehyde in the lower slow-combustion 
zone. Pope, Dykstra, and Edgar (loc. cit.), working with higher aldehydes in and near the 
cool flame zone, concluded that oxidation proceeds via a series of lower aldehydes and does 
not require the intervention of peroxides or per-acids. 

Our results cannot be said to support either view, for although we have detected at 
least two types of peroxide in the products, we have obtained no evidence of the presence 
of per-acids or acids in the medium during reaction except at low temperature, although 
both appear to be formed in an aqueous solution of the products containing an excess of the 
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aldehyde. Lower aldehydes have been detected, in certain circumstances, but appear to 
be formed by a secondary oxidation favoured by high temperatures. Further experi- 
ments are being undertaken to ascertain if this reaction occurs preferentially with higher 
members of the series. 

Clover and Houghton’s method of estimating peroxides (loc. cit.) distinguishes between 
two types, viz., those which liberate iodine rapidly from neutral potassium iodide solution 
(e.g., per-acids) and those which liberate it slowly from acid potassium iodide (e.g., alkyl 
peroxides). Both are present in the products from aldehyde oxidation. 

Our results are best interpreted on the assumption that peroxide (1) is a comparatively 
stable non-acidic peroxide, which changes into per-acid in aqueous solution on standing. 
Thus, it has been shown that on arresting the oxidation at an early stage and dissolving 
the products in water, the solution at first contains a relatively large quantity of peroxide 
(1) and little per-acid or acid. On standing, out of contact with air, peroxide (1) changes 
into a per-acid, part of which combines with the excess aldehyde present to give the 
corresponding acid. 

Peroxide (1) has not been isolated and its structure must, therefore, be a matter of 
conjecture. The analytical results, however, reveal some of its properties; in particular, 
it appears to decompose in the cool flame, and at high temperatures, to give an alkyl 
peroxide, an alcohol, and one or both oxides of carbon, whereas at low temperatures and 
in aqueous solution it is comparatively stable. 


In the case of acetaldehyde Bodenstein has assigned the structure CHyCHC to 
O 


the initially formed activated peroxide. Such a compound, however, would hardly be 
expected to possess much stability, and in view of all the facts it seems more probable that 
peroxide (1) has an ozonide structure. According to this view the initial stage of the 
oxidation of propaldehyde would be 

CH CH 

CH, += CH—O.o 

CH:O CH,—O 


The ozonide would then undergo rearrangement to give perpropionic acid which in 
turn would decompose into ethyl peroxide [peroxide (2)] or ethyl alcohol, as follows 
(Egerton and Harris, private communication) : 


(i) CHyCHyC<0'O# —_, cH,-CH,-0-OH + CO 
(ii) CHyCH,C<O°O# __, cHyCH,-OH + CO, 


The ratio of aldehyde to oxygen consumed in the various combustion zones shows that, 
in the absence of a large excess of oxygen, reaction does not goto completion. For instance, 
with acetaldehyde, in the initial stages when very little of the combustible has reacted, 
the ratio has a value approaching 2, pointing to some surface action; in the later stages it 
falls to about 0-7 in the lower slow-combustion zone and to 1 in the other zones. The 


experimental values are as follows : 
Ratio CH,-CHO diet 


Reaction zone. Initial. F 
Lower slow-combustion —.........seeseeeeeeeeeeeces 1-32 0-84—0-72 
Low-temperature igmition — .........sceeeeeeeeeeeee 1-40 _— 
Lower COOM-flaMe_ .........ccccsccecccccsecvevesccecece 1-94 1-16—0-94 
Upper cool-flame ......... soededee —_ 1-06—0-93 
Upper slow-combustion _ 1-04—1-08 


It would, therefore, appear that above the lower slow-combustion zone, oxidation 
practically ceases with the formation of peroxide (1). 

The analytical results throw some light on the changes occurring in the neighbourhood 
of the three pressure limits of acetaldehyde and propaldehyde. It is evident that in the 
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lower slow-combustion zone, at 230°, the concentration of peroxide (1) in the medium at 
any instant is determined by the relative rates at which it is formed and decomposes 
(Table I), In the early stages of the reaction the rate of formation is the greater and the 
concentration builds up; but after about 2 mins. the two rates become equal and there- 
after it decomposes faster than it is formed. 

On increasing the temperature to 237° the concentration increases rapidly until it 
reaches a critical value at which explosive decomposition takes place with evolution of 
heat and light (cf. Harris and Egerton, Proc. Roy. Soc., 1938, A, 168, 1). This may well 
exert a trigger action and give rise to normal ignition. At higher temperatures the rate of 
decomposition would prevent the attainment of the critical explosion pressure, and the 
products of decomposition may then be supposed to furnish the active centres responsible 
for the chain processes occurring in the cool-flame zone. 

In order to test these views, further information as to the effect of vessel diameter, 
diluents, and other factors on the limits is required. 

The formation of lower aldehydes may be due, in part, to the interaction of peroxide (1) 
with steam, or to the decomposition of peroxide (2); but their concentration at high 
temperatures makes it more probable that they result from direct oxidation of the higher 
aldehyde, either by hydroxylation or according to the reactions suggested by Pope, Dykstra, 
and Edgar. This secondary oxidation, however, only takes place to a minor degree with 
acetaldehyde and propaldehyde. 


One of us (L. M. B.) desires to thank the Salters’ Company for a Fellowship, during the tenure 
of which the greater part of this work was carried out. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, June 15th, 1939.) 





352. Intramolecular Substitution as a Means of comparing Activating 
and Deactivating Effects. 


By Jessie D. C. Mote and E, E. TURNER. 


The effect of substitution on the reactivity of the aromatic nucleus can be studied, 
not only by nitration experiments, but also by ring-closures. The conversion of a 
number of substituted o-phenoxyphenyldichloroarsines into 10-chlorophenoxarsines 
has been investigated, and the rate of cyclisation correlated with the nature and 
position of the substituents. 


THE greater part of our knowledge of the activating or deactivating effect of substituents in 
the aromatic nucleus has been gained from a study of nitration, halogenation, etc. In most 
of these processes, the molecule under investigation may be attacked by one of many 
reagent molecules present in its vicinity, and the condition necessary for a reaction to take 
place is the activation or the polarisation of one or both of the reacting molecules. It is 
clearly desirable that other types of reactions should be examined, for example, those 
involving substitution through ring-closure, in which two parts of the same molecule react 
together. 

It was shown by Roberts and Turner (J., 1925, 127, 2004) that the conversion of phen- 
oxyphenyldichloroarsine and its chloro-derivatives into chlorophenoxarsines could be 


O O 
a —_ 
CMa) > Xa) se 


followed by determining the amount of hydrogen chloride produced during definite intervals 
of time, and it was found that substitution in nucleus (A) by a chlorine atom materially 
impeded ring-closure, the effect being greater when the chlorine was ortho or para to the 
oxygen atom than when it was meta. This was what would be expected, 
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In that work the results were only intended to be qualitative, but we have now studied 
the method further, mainly with new dichloroarsines, and find that it gives reproducible 
results, the first-order reaction equation giving réasonably trustworthy values for velocity 
constants, although with some of the slower reactions there was a brief period of induction, 
and rate constants in these cases only have a semi-quantitative significance. Ring-closure 
has been followed at different temperatures by using the following compounds, in which 


R = 0-AsCl,°C,H,-O— 
Me 
Me 
e 


(IV.) (V.) 


"Oe "Os 


(VI.) (VII.) . (VIII) (IX.) (X.) 


The results obtained are summarised below, the figures referring to k x 10‘ (mins.~) 
(¢ = temperature). 


#= 200°. ¢ = 210°. 
97 
120 


270 


I 

— 
Se 
°o 
.? 


Dichloroarsine. ¢= 150°. ¢#=160°. #=175°. t#=180° 
I _— — 40 
II 6 40 47 
III — 160 230 
IV 12 74 
100 
VI 48 


ind 165 
110 
17 


19 


eel III It 


© 
or 


esglllllils 


— 
—) 


The interpretation of the results is perhaps simpler than that of the results of ordinary 
substitution processes, since the positions in which substitution can occur are limited, and 
there is no doubt as to the structure of the ‘‘ reagent.” As to the mechanism of ring- 
closure, it is probable that the As—Cl bond becomes polarised, the cyclisation process then 


resolving itself into the attack of the electrophilic reagent, -AsCl,, on the opposed aromatic 
nucleus. 

The results show that this “internal’’ electrophilic reagent places activated and 
deactivated centres in aromatic systems in the same order as that given by an external 
reagent such as nitric acid. For instance, all the monomethyl compounds (II—IV) are 
more easily cyclised than the parent dichloroarsine (I). Moreover, (III) is much more 
readily cyclised than (IV) and the latter is much more readily cyclised than (II), which, in 
turn, is more rapidly cyclised than (I) in spite of the decreased number of possible fruitful 
collisions. That this factor does influence rate of ring-closure is clear from a comparison of 
(II) and (IV), in which the activation by methyl of the reacting position or positions is 
approximately equal, (II) however having only half as many chances as (IV) of collision 
between the reacting atoms. 

The great reactivity of the dimethyl derivative (V) is to be expected. The greater speed 
of cyclisation of (VI) than of (VII) is interesting in comparison with the sulphonation of p- 
and m-xylenes. When the reagent, as in sulphonation, can choose its target, the m-xylene 
structure is the more reactive, but when it cannot, as in the present cyclisation, the 
p-xylene structure is the more readily attacked. 

The inability of a mesomeric effect to activate the m-position should mean a com- 
paratively slight difference between the rate of cyclisation of (I) and of its p-methoxy- 
derivative (VIII). Actually, the latter is slightly the more reactive. 

5u 
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The results for compounds (IX) and (X) clearly show the deactivating effect of chlorine 
and bromine. Here again, cyclisation has to occur at those points which are unaffected by 
the mesomeric process but are subjected to the permanent effect due to induction, It is 
perhaps for this reason that chlorine and bromine produce almost equal deactivating effects 
in these compounds. It is known (Groves and Sugden, J., 1935, 973) (compare Sutton, 
Proc. Roy. Soc,, 1931, 183, A, 668) that the dipole moments of chloro- and bromo-benzene are 
almost identical. 

The constitution of. all phenoxarsines produced by ring-closure follows from their 
method of formation save that obtained from 2-m-tolyloxyphenyldichloroarsine, which 
could undergo ring-closure to give either 10-chloro-3-methylphenoxarsine (A) or 10-chloro- 
1-methylphenoxarsine 


(B) 
O O 
M 
(A.) r (B.) 
AsCl AsCl 
Me 


In fact (A) was the product formed, as was shown by the unambiguous synthesis : 


Cl Me Ph Me Ph Me 
v5) Pei oC) te @ (C) 
PhO, Me PhO Me 
“~ Sf Gea ee EH) 


Replacement of NH, by AsO(OH), in (C) was not found possible, and the alternative 
synthesis described had to be adopted. 


EXPERIMENTAL. 


Preparation of Nitro-ethers——These were all prepared by the general method of Henley 
(J., 1930, 1222). 

2-Nitvo-2'-methyldiphenyl ether. Cook (J. Amer. Chem. Soc., 1901, 23, 806) described this as 
aliquid. It was obtained in 80% yield, and crystallised from alcohol or light petroleum (b. p. 
40—60°) in yellow hexagonal plates, m. p. 39—40°. 

2-Nitro-3' : 5'-dimethyldiphenyl ether, from symmetrical m-xylenol, was obtained in 64% yield. 
It separated from alcohol in many-faceted, pale yellow rhombohedra, m. p. 63—64° (Found : N, 
5-8. C,,H,,0,N requires N, 5-8%). 

2-Nitvo-2’ : 5'-dimethyldiphenyl ether was obtained in 53% yield as an amber-coloured liquid, 
b. p. 234—235°/44 mm. (Found: N, 5-5%). 2-Nitro-2’ : 4'-dimethyldiphenyl ether, obtained in 
78% yield, crystallised from alcohol in pale yellow, square plates, m. p. 61—62° (Found : 
N, 5°8%). 

2-Nitvo-4'-methoxydiphenyl ether was obtained from p-methoxyphenol in 80% yield, and 
crystallised from alcohol or from light petroleum (b. p. 40—60°) in pale yellow, hexagonal prisms, 
m. p. 75—76-5° (Found: N, 5-9. C,3H,,0O,N requires N, 5-7%). 

Preparation of Amino-ethers.—The above nitro-ethers were reduced at 100° with excess of 
iron filings and water in presence of a little acetic acid. 

2-Amino-3' : 5'-dimethyldiphenyl ether (yield, 77%) crystallised from alcohol in rectangular 
plates, m. p. 56—57° (Found: N, 69. C,,H,,ON requires N, 66%). 2-Amino-2’ : 5'-di- 
methyldiphenyl ether (yield 83%) had b. p. 213—214°/44 mm, (Found: N, 6°9%); its hydro- 
chloride had m. p. 178—179°. 2-Amino-2’ : 4'-dimethyldiphenyl ether (yield 80%) separated 
from light petroleum (b. p. 40—60°) in prisms, m. p. 64—65° (Found: N, 6-9%). 2-Amino-4'- 
methoxydiphenyl ether (yield 80%) had b. p. 212—213°/21 mm. (Found: N, 6-4. C,,;H,,0,N 
requires N, 65%); its hydrochloride, needles from alcoholic hydrochloric acid, had m. p. 
169—170°. 

Preparation of Arsonic Acids —The amino-compounds were converted into the arsonic acids 
by the method of Roberts and Turner (loc. cit.). The yield obtained varied from compound to 
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compound and with the temperature of mixing, so the optimum temperature is recorded in each 
case in parenthesis. 

2-0-Tolyloxyphenylarsonic acid (50—60°), long prisms, m. p. 184—185°, from dilute alcohol, 
was obtained in 20—35% yield (Found: As, 24-4. C,;H,,;0,As requires As, 24-3%); the 
m-tolyl acid (50—60°) (yield, 30—40%) separated from dilute alcohol in prisms, m, p. 193—194° 
(Found: As, 244%). 2-(3' : 5’-Dimethylphenoxy)phenylarsonic acid (90°), obtained in 12% 
yield, separated from dilute alcohol in prisms, m. p. 178—179° (Found: As, 23-1. C,,H,,0,As 
requires As, 23-1%). The 2’ : 5’-dimethyl acid (50—60°) (yield, 13%) crystallised from dilute 
alcohol in needles, m. p. 177-5—178° (Found : As, 23-4%); and the 2’: 4’-acid (90°) (yield, 
12—16%) separated from dilute alcohol in long prisms, m. p. 184—185° (Found : As, 23-4%). 

2-p-A nisyloxyphenylarsonic acid (50°) (yield, 11%) crystallised from dilute alcohol in octa- 
hedra, m. p. 188—189° (Found : As, 23-3. C,,H,,;0,As requires As, 23-1%). 

2-p-Bromophenoxyphenylarsonic acid (55—60°), obtained in 20% yield, separated from dilute 
alcohol in needles, m. p. 183—184° (Found: As, 20-8. C,,H,,O,BrAs requires As, 20-1%). 

Preparation of Dichloroarsines.—The method of Roberts and Turner (Joc. cit.) was employed. 
The crude dichloroarsines were purified through the oxides, which were usually obtained in a 
hydrated form. These were dissolved in chloroform, the solution dried over anhydrous sodium 
sulphate, filtered, and precipitated with ether. The dichloroarsines were prepared by warming 
the pure oxides with fuming hydrochloric acid. Liquid dichloroarsines were extracted with 
chloroform, and the extract dried and filtered. The solvent was removed either in a current of 
dry air or in a vacuum. 

2-0-Tolyloxyphenyldichloroarsine formed needles, m. p. 73—74°, from light petroleum (b. p. 
40—60°) (Found: Cl, 21-8. C,,;H,,OCI,As requires Cl, 21-6%); the m-tolyl isomeride was an 
oil (Found: Cl, 21-5%); and the p-tolyl compound crystallised from light petroleum (b. p. 
40—60°) in needles, m. p. 73° (Found ; Cl, 21-9%). 

2-(3' : 5'-Dimethylphenoxy)phenyldichloroarsine, m. p. 71-5—73° (Found: Cl, 20-7. 
C,,H,,OCIl,As requires Cl, 20:7%), the 2’ : 5’-arsine, m. p. 70—71-5° (Found : Cl, 20-9%), and 
the 2’ ; 4’-arsine, m. p. 52-5—54° (Found : Cl, 20-5%), all crystallised from light petroleum (b. p. 
40—60°) in prisms. 

2-p-A nisyloxyphenyldichloroarsine, m. p. 63—64° (Found: Cl, 20-9. C,,3H,,0,Cl,As requires 
Cl, 20-6%), crystallised similarly. 

2-p-Bromophenoxyphenyldichloroarsine crystallised from light petroleum (b. p. 40—60°) in 
rectangular prisms, m. p. 76—77° (Found: Cl, 18-4. C,,H,OCl,BrAs requires Cl, 18-0%). 

Preparation of Chlorophenoxarsines.—The material remaining after the experiments on rate of 
ring-closure was purified, all the following seven compounds being crystallised from alcohol. 
10-Choro-4-methylphenoxarsine formed prisms, m. p. 90—91° (Found: Cl, 12-3. C,,;H,OCIAs 
requires Cl, 12-0%) ; 3-methylisomeride, clusters of needles, m. p. 140—141° (Found: Cl, 12-0%) ; 
1 : 3-dimethyl-compound, prisms, m. p. 138—139° (Found: Cl, 11-7. C,,H,,OCIAs requires Cl, 
11-6%); 1: 4-dimethyl-compound, prisms, m. p. 146—147° (Found: Cl, 114%); 2: 4-di- 
methyl-compound, prisms, m. p. 130—131° (Found : Cl, 118%); 2-methoxy-compound, needles, 
m. p. 108—109° (Found : Cl, 11-3. C,,;H,,0,ClAs requires Cl, 11-56%); and 10-chloro-2-bromo- 
phenoxarsine, prisms, m. p. 172—173° (Found: Cl, 9-7. C,,H,OCIBrAs requires Cl, 9-9%). 

Synthesis of 10-Chloro-3-methylphenoxarsine.—2-Nitro-5-methyldiphenyl ether. This was 
prepared in 50% yield from 3-chloro-4-nitrotoluene (cf. preparation from 3 : 4-dinitrotoluene and 
phenol; D.R.-P. 506,339). 

2-Amino-5-methyldiphenyl ether, formed by stannous chloride reduction of the above com- 
pound (77% yield), was a yellow liquid, b. p. 213—214°/55 mm. (Found: N, 7-4. C,,;H,,ON 
requires N, 7-0%). 

Experiments to couple the diazonium salt of this compound with sodium arsenite solution 
failed, The mercury diazonium salt was therefore prepared (cf. Nesmejanow, Gluschnew, 
Epifansky and Flegontow, Ber., 1934, 67, 130), decomposed at — 70° over a period of 20 hours, 
and the product heated with arsenic trichloride. After purification, the resulting oil was heated 
for 6 hours at 200° in a stream of carbon dioxide, An alcoholic extract of the residue yielded a 
phenoxarsine, the m. p. of which was not depressed by that of the original ring-closure product. 

Determination of Rate of Ring-closure of Aryloxyphenyldichloroarsines.—The method used was 
similar to that of Roberts and Turner (loc. cit.). In order to permit of comparison between the 
rates of ring-closures of different dichloroarsines, three or more of the latter were always caused 
to undergo cyclisation in the same heating bath. For instance, in one experiment dichloro- 
arsines A, B, C, and D would be heated side by side, in a second, C, D, E, and F, and soon. In 
this way a more accurate check could be secured on the relative rates of change. 
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The results of a typical ring-closure experiment are as follows : & is calculated for a first-order 


reaction. 
Ring-closure of 2-p-tolyloxyphenyldichloroarsine (IV) at 180° + 1°. 


Time, mins. (#) .... os | SD 120 180 240 300 360 
Total percentage change it in time? 46-4 71-0 85-3 91-6 96-1 98-0 
k Xx 108 (min) .. cvcce 10-4 10-3 10-7 10-3 10-8 10-9 


Mean k = 10°6 x 10°%. 


Three repetitions of this experiment gave figures in agreement with those recorded, the final 


mean value for k being 11 x 10°. 
In some instances cyclisation began only after a brief induction period. In such cases, 


log a/(a — x) plotted against ¢ gave a straight line not passing through = 0. In calculating k, 
the value of ¢ corresponding with the intersection of the straight line plot with the ¢ axis was 


taken as zero. 


We thank Imperial Chemical Industries for a grant. 
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353. The Constitution of Arabic Acid. Part II. Degraded Arabic 
Acid. 


By F. Smita. 


Degraded arabic acid obtained from arabic acid by autohydrolysis or by hydrolysis 
with 0-0ln-sulphuric acid is regarded as the basic nucleus of arabic acid to which the 
labile sugar residues are attached by glycosidic links. It possesses a free reducing group 
and the repeating unit consists of 9 residues of galactose and 3 residues of glucuronic 
acid. Hydrolysis of the methyl ester of methylated degraded arabic acid furnishes 
2:3: 4: 6-tetramethyl galactose (1 molecular proportion), 2 : 3 : 4-trimethyl galactose 
(5 molecular proportions), 2: 4-dimethyl galactose (3 molecular proportions), and 
2: 3: 4-trimethyl glucuronic acid (3 molecular proportions) the structures of which are 
proved. The identification of these methylated derivatives shows that 1 : 6- and 1 : 3- 
glycosidic links are present in degraded arabic acid and that the sugar units, all of which 
have pyranose rings, are joined in a branched chain type of structure probably having 
four terminal or ‘‘ end ”’ residues. 





AUTOHYDROLYsIS of arabic acid or hydrolysis with 0-01N-sulphuric acid leads to the 
formation of a mixture of sugars (/-arabinose, /-rhamnose, 3-d-galactosido-l-arabinose) and 
degraded arabic acid in about equal proportions (Part I, this vol., p. 744). Degraded arabic 
acid is relatively stable to further hydrolytic cleavage, and it seems that it represents the 
basic nucleus of arabic acid, to which are attached side chains which may consist of one 
or more labile sugar residues. An essential preliminary step towards the elucidation of 
the structure of arabic acid thus lies in the determination of the constitution of the 
basal unit, degraded arabic acid. 

The barium salt of degraded arabic acid, obtained by the method outlined in the previous 
paper, has a barium content which corresponds to an equivalent weight of 670, and the free 
acid prepared from the barium salt by means of dilute sulphuric acid has an equivalent of 
660 (determined by titration). Since degraded arabic acid contains only galactose and 
glucuronic acid residues (see below), it will be seen that the above figures indicate the 
presence of a repeating unit composed of one glucuronic acid and three galactose units. 
Both the barium salt and the free degraded arabic acid reduce Fehling’s solution and it 
would seem that this portion of the arabic acid molecule is of finite size and relatively small 
in comparison with the parent polysaccharide acid, arabic acid, and with highly complex 
polysaccharide molecules such as starch or cellulose. The comparatively small molecular 
size of the degraded arabic acid is borne out by the osmotic pressure results, which give a 
molecular weight of approximately 4800 for methylated degraded arabic acid. It is, 
however, worthy of note that the iodine number of degraded arabic acid corresponds to a 
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molecular weight of approximately 2000 and this figure is in agreement with the size of the 
repeating unit as determined chemically by the method outlined below. 

In order to ascertain the nature and mode of linking of the residues obtaining in degraded 
arabic acid, the latter was subjected to methylation with methyl sulphate and sodium 
hydroxide solution, and a well-defined methylated derivative (equiv. 830) which still 
contained free carboxyl groups was obtained. Esterification and completion of the 
methylation with Purdie’s reagents gave a fully methylated degraded arabic acid which 
appeared to be essentially homogeneous, since fractional precipitation failed to disclose the 
presence of degraded material. 

The methyl ester of methylated degraded arabic acid undergoes hydrolysis with boiling 
methyl-alcoholic hydrogen chloride, a procedure which also transforms the methylated 
galactoses and the methylated glucuronic ester into the corresponding glycosides. This 
mixture is then treated with barium hydroxide in order to convert the methyl ester of 
methylated glucuronic acid into a barium salt, and from the dry mixture of the barium salt 
and the methylated galactosides the latter are extracted with ether, the barium salt of a 
trimethyl methylglucuronoside remaining insoluble. The mixture of the tetramethyl 
methylgalactoside, trimethyl methylgalactoside, and dimethyl methylgalactoside so 
obtained is resolved into its constituents by fractional distillation. This separation is 
simplified by the fact that the dimethyl methylgalactoside crystallises in both «- and 
8-modifications. The trimethyl methylglucuronoside was identified as 2 : 3 : 4-trimethyl 
methylglucuronoside, the tetramethyl methylgalactoside as 2 : 3 : 4 : 6-tetramethyl methyl- 
galactoside, the trimethyl methylgalactoside as 2 : 3 : 4-trimethyl methylgalactoside, and 
the dimethyl methylgalactosides as 2: 4-dimethyl methylgalactoside, by the series of 
investigations described below. 
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The structure of the trimethyl methylglucuronoside (I) is deduced from the following 
considerations. The methyl ester of trimethyl methylglucuronoside (II), which can be 
obtained from both the acid (I) and the barium salt of (I) by boiling with methyl-alcoholic 
hydrogen chloride, readily forms a crystalline amide (III) the rotation of which (+ 138°) 
indicates that it is derived from the «-glucuronoside. This view is supported by the fact 
that the methyl ester of 2 : 3: 4-trimethyl 6-methylglucuronoside yields an amide with a 
negative rotation (— 47°). When 2:3: 4-trimethyl 6-methylglucuronoside is esterified by 
boiling with methyl-alcoholic hydrogen chloride, the resulting methyl ester (a mixture of the 
a- and the 6-form of 2:3: 4-trimethyl methylglucuronoside) furnishes the amide of the 
«-form identical with (III) (compare Hirst and Jones, J., 1938, 1174). The glycosidic 
methoxyl group of (I) or of its methyl ester (IT) is eliminated, although with some difficulty, 
by the agency of dilute mineral acid, and the corresponding 2 : 3 : 4-trimethyl glucuronic 
acid is produced ; the stability of the uronide methyl residue suggests a pyranoside structure 
for (I). When the trimethyl glucuronic acid is oxidised with bromine, 2 : 3 : 4-trimethyl 
saccharolactone is produced and this on esterification and subsequent distillation gives the 
characteristic crystalline 2 : 3 : 4-trimethyl saccharolactone methyl ester (IV). The latter 
proved to be identical in every respect with a specimen prepared by the nitric acid oxidation 
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of 2:3:4-trimethyl 6-1 : 6-anhydroglucose, followed by esterification and subsequent 
distillation. The same compound has also been obtained by Charlton, Haworth, and 
Herbert (J., 1931, 2855), Robertson and Waters (idid., p. 1709), and by Hirst and Jones 
(loc. cit.). Oxidation of the methyl ester of 2 : 3 : 4-trimethyl methylglucuronoside (II) with 
nitric acid furnishes additional evidence of its structure, since 1-xylotrimethoxyglutaric acid 
(V) and / (+-)-threodimethoxysuccinic acid (d-dimethoxysuccinic acid) (VI) are obtained in 
addition to 2 : 3 : 4-trimethyl saccharolactone methyl ester (IV). The compounds (V) and 
(VI) are identified by the isolation of their characteristic crystalline amides. 

The tetramethyl methylgalactoside is identified as 2:3:4:6-tetramethyl methyl- 
galactoside by converting it into the corresponding reducing sugar, which furnishes the 
highly characteristic 2: 3: 4: 6-tetramethyl galactose anilide on treatment with ethyl- 
alcoholic aniline. This was identified by its melting point and comparison with an authentic 
specimen (Haworth and Leitch, J., 1918, 113, 197). 

Hydrolysis of the trimethyl methylgalactoside yields a trimethyl galactose (VII), which 
can be readily isolated in the form of a crystalline monohydrate; it is easier, however, to 
identify this trimethyl galactose in the form of its crystalline anilide (McCreath and Smith, 
this vol., p. 387). Oxidation (VII) with bromine gives a trimethyl galactonolactone (VIII), 
an aqueous solution of which exhibits relatively rapid mutarotation, thus indicating that it 
belongs to the 8-series of lactones. A free hydroxyl group would therefore appear to be 
located in position 5 and since the conditions in the lactone preparation are favourable for 
the formation of y-lactones it seems reasonable to conclude that a methoxyl residue is 
substituted for the hydroxyl in position 4. The lactone forms a crystalline amide, and also 
a crystalline phenylhydrazide which gives no depression of the melting point when in 
admixture with authentic 2:3: 4-trimethyl galactonic acid phenylhydrazide (McCreath 
and Smith, Joc. cit.). Further oxidation of (VIII) introduces a carboxyl group in position 6 
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without loss of a methoxyl group with the formation of 2 : 3 : 4-trimethyl mucic acid, which 
was identified as the crystalline dimethyl ester (IX) (Haworth, Hirst, and Challinor, J., 
1931, 258). This 2 : 3: 4-trimethyl mucic acid can also be further characterised by forming 
its crystalline diamide and bismethylamide. It is clear, therefore, that the methyl groups in 
(VII) can only be in the positions 2, 3, and 4. This conclusion was further verified in the 
following way. When a-methylgalactopyranoside (X) in pyridine solution is allowed to 
react with trityl chloride, 6-trityl «-methylgalactopyranoside (XI) is produced and this on 
methylation with methyl sulphate and sodium hydroxide yields 6-trityl 2 : 3 : 4-trimethyl 
a-methylgalactopyranoside (XII). Treatment of the latter with an ethereal solution of 
hydrogen chloride gives 2 : 3 : 4-trimethyl a-methylgalactopyranoside (cf. Haworth, Hirst, 
Smith, and Wilson, J., 1937, 829), and when this is hydrolysed by heating with dilute 
sulphuric acid, 2 : 3 : 4-trimethyl galactose is obtained. This synthetic 2: 3 : 4-trimethyl 
galactose yields a crystalline monohydrate and a crystalline anilide identical with those 
produced from (VII). 

The position of the methyl residues in the two crystalline forms of the dimethyl methyl- 
galactoside is ascertained in the following way. Both the a-form (XIII) and the 6-form 
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(XIV) yield on hydrolysis with dilute sulphuric acid the same dimethyl] galactose (XV), and 
hence (XIII) and (XIV) differ only in the stereochemical arrangement of the groups at C;. 

The dimethyl galactose crystallises as a monohydrate and the anhydrous dimethyl galactose 
readily yields a crystalline anilide. Complete methylation of the dimethyl §-methylgalacto- 
side (XIV) with Purdie’s reagents furnishes 2 : 3: 4: 6-tetramethyl 6-methylgalactoside 
(XVI), showing that (XIII) and (XIV) are derivatives of galactose and that substitution of 
methoxyl at C, in (XIII) and (XIV) is excluded. The two methyl residues may therefore 
be attached to any two of the four positions C,, C,, C,, and Cg. Now when the dimethyl 
galactose (XV) is treated with phenylhydrazine and acetic acid, an osazone is produced with 
the loss of one methoxyl group. This methoxyl group, thus eliminated, with the formation 
of 4-methyl galactose phenylosazone, must be in position 2. The formation of an osazone 
in an analogous manner with the elimination of a methoxyl group on C, has been observed 
several times in the galactose series (see Robertson and Lamb, J., 1934, 1321; Percival and 
Ritchie, J., 1936, 1765; Percival and Somerville, J., 1937, 1615; Oldham and Bell, /. 
Amer. Chem. Soc., 1938, 60, 323; McCreath and Smith, Joc. cit.). When the anhydrous 
dimethyl galactose (XV) is treated with cold 1% methyl-alcoholic hydrogen chloride, the 
rotation slowly increases to a maximum and simultaneously the dimethyl «-methylgalactoside 


CH, Jay CH,°OH CH,"OH CH,*OMe 
OMe 


MeO |_| MeO OMe MeO Lo. H MeO | 
FO ee eo 


: 2 
OMe OMe H ome” 
ne he ) oe ) (XV.) 


CH,-OH CH,°OH H 
MeO awe MeO _OH Me J 00s H 
CO-NH. 


Kee pr b on ; "IN Tig ib v CO,H 


H OMe H OMe H Me 
(XVII) (XVIII) (XIX.) 


¢0,Me 
H—C—OMe 


H 
MeO Sages NH, Me? ew C—H 
on CO. NH, CO,Me MeO—C—H 
H—C—OMe 
iN Me at na Wacol 


(XXI.) (XXII) (XXIIa.) (XXIIb.) 


(XIII) is produced. Since the conditions employed are favourable for furanoside formation, 
which usually takes place at a rapid rate and, in the case of galactose, would probably be 
accompanied by a fall and not a rise in rotation (see Haworth, Ruell, and Westgarth, J., 
1924, 125, 2468), it would appear that the galactoside produced possesses a pyranose ring 
and hence a methy] residue is probably substituted in position 4. From these results it was 
deduced that the two methyl residues occupy positions 2and4. Confirmation of the struc- 
ture of the sugar as being 2: 4-dimethyl galactose is forthcoming from the following 
experiments. Oxidation of the dimethyl galactose (XV) with bromine gives the corres- 
ponding crystalline lactone (XVII), which is characterised by the formation of a crystalline 
phenylhydrazide and a crystalline amide (XVIII). The lactone (XVII) mutarotates rela- 
tively quickly in aqueous solution, showing that it is of the 8-type and consequently suggests 
the presence of a free hydroxyl group in position 5, and furthermore the absence of y-lactone 
ring formation also supports the view that a methoxyl residue is substituted for the hydr- 
oxyl group on C,. The 2 : 4-dimethyl galactonamide (XVIII) prepared from the lactone by 
means of alcoholic ammonia gives a negative Weerman test for «-hydroxy-amides (Rec. 
Trav. chim., 1917, 36, 16), showing that a methy] residue is also substituted for the hydroxy] 
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group on C,. Now when the 2 : 4-dimethyl galactose (XV), either of the two galactosides 
(XIII) and (XIV), or the lactone (XVII) is treated with nitric acid, oxidation takes place 
without loss of any methoxyl groups and 2: 4-dimethyl mucic acid (XIX) is formed. 
Esterification and subsequent distillation of the last furnishes the crystalline methyl ester 
lactone of 2 : 4-dimethyl mucic acid, the slow mutarotation of which in aqueous solution 
suggests that it contains a 3 : 6- or y-lactone ring as shown in (XX); the latter formulation 
is proved by the fact that methylation of this methyl ester lactone of 2 : 4-dimethyl mucic 
acid with Purdie’s reagents gives a methyl ester lactone of the trimethyl mucic acid (XXII or 
XXIIa) which proved to be the enantiomorph of the methyl ester lactone of 2:3: 5- 
trimethyl mucic acid (XXIId) (Smith, Chem. and Ind., 1939, 58, 363). The ether methyl 
groups in (XXII) must therefore occupy positions 2, 4, and 5, hence the lactone ring in 
(XX) engages C, and C,. Further evidence of a free hydroxyl group on C;, in the dimethyl 
galactose is forthcoming from the fact that the 2 : 4-dimethyl mucic acid diamide (XXI) 
obtained from (XX) by means of methyl-alcoholic ammonia shows a positive Weerman test 
for «-hydroxy-amides. The foregoing facts prove that the formula (XV) assigned to the 
| 2 : 4-dimethyl galactose isolated is correct, and it is of interest that this is identical with the 
dimethyl galactose obtained by Baldwin and Bell from a methylated galactosan (J., 1938, 
1465) (see also Schlubach and Loop, Amnalen, 1937, 582, 228). 

: The identification of the four hydrolytic products derived from methylated degraded 
i arabic acid, namely, 2 : 3 : 4: 6-tetramethyl galactose, 2 : 3 : 4-trimethyl galactose, 2 : 4- 
; dimethyl galactose, and 2 : 3 : 4-trimethyl glucuronic acid, clearly shows that the degraded 
polysaccharide acid is composed of only galactose and glucuronic acid residues all of which 
must have the pyranose structure. Since the whole of the glucuronic acid and a portion of 
the galactose were isolated in the form of completely methylated derivatives, these must 
exist in the complex as terminating or “end” residues. Therefore the molecule of 
degraded arabic acid must be of the branched chain type (Smith, Chem. and Ind., 1939, 
58, 203). 

The relative proportions of the hydrolytic products from two experiments are 
approximately 1 of 2: 3:4: 6-tetramethyl galactose, 3 of 2: 4-dimethyl galactose, 3 of 
2:3: 4-trimethyl glucuronic acid, and 5 of 2:3: 4-trimethyl galactose. A structure 
composed of these 12 units joined by glycosidic links and having its single free reducing 
group protected with a methyl residue would have a molecular weight of 2494 and an 
equivalent of 831 (Found : 830 by titration) and the methyl ester would have a methoxyl 
content of 46-4 (Found : 45-2%). The unmethylated degraded arabic acid calculated on 
this basis would have a molecular weight of 2003 (Found : 2000 by iodine number) and an 
equivalent weight of 663 (Found: 660 by direct titration and 670 by estimation of the 
barium content of its barium salt). 

The degraded arabic acid reduces Fehling’s solution and on the above data the mimimum 
molecular size would consist of 12 units, 9 being d-galactose and 3 being d-glucuronic acid. 
The mode of attachment of these units is indicated by the isolation of their various methyl- 
/ ated derivatives. Thus in the methylated degraded arabic acid the 2:3: 4: 6-tetra- 
methyl galactose and the 2 : 3 : 4-trimethyl glucuronic acid can respectively be linked only 
. through these reducing groups C,, the 2 : 3 : 4-trimethyl galactose through positions C, and 
C,, and the 2 : 4-dimethyl galactose may be joined to certain parts of the chain through 
positions C,, C;, and C, (see below). 
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The isolation of 1 molecular proportion of 2 : 3: 4: 6-tetramethyl galactose and 3 of 
2:3: 4-trimethyl glucuronic acid shows clearly that there must be four “‘ ends”’ in the 
structure of the repeating unit of 12 sugar residues. The constitution can therefore be 
represented by a terminated chain of galactose residues to which are attached three side 
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chains each terminated by a glucuronic acid unit; the side chains may be attached to any 
but the terminal galactose unit which furnishes the 2 : 3 : 4 : 6-tetramethyl galactose, the 
point of linking being indicated by the isolation of 2 : 4-dimethyl galactose (see formule 
below). This view is supported by the isolation of equal amounts of 2 : 3 : 4-trimethyl 
glucuronic acid and 2 : 4-dimethyl galactose. 

The evidence suggests that the galactose residues in the main chain are mutually joined 
by 1 : 6-glycosidic links as in (XXIII) or by 1 : 3-links as in (XXIV) or even by 1 : 6- and 
1 : 3-links, one example of which is shown in (XXV). In the same way it follows that the 
side chains R each containing a terminal glucuronic acid residue may be attached by 1 : 3- 
links as in (XXIII) or by 1 : 6-links as in (XXIV) and at this stage the possibility that they 
are joined by 1 : 3- and 1 : 6-links as in (X XV) cannot be excluded. 
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Examination of the above formule (XXIII, XXIV, and XXV) shows that the 2: 4- 
dimethyl galactose will result from those galactose units in the main chain to which the side 
chains R are attached. The side chains R may be constituted by single units of glucuronic 
acid or there may be one or more units of galactose interposed between the terminal 
glucuronic acid residue and the main galactose chain. From the fact that the trimethyl 
galactose, obtained from methylated degraded arabic acid, was identified as the 2:3: 4- 
trimethyl derivative, it follows that any galactose residues in the side chains R must be 
joined by 1 : 6-links. In the case of formula (XXIV) the 2 : 3 : 4-trimethyl galactose can 
only arise from galactose units in the side chains R which are joined by 1 : 6-links; it 
cannot arise from galactose units in the main chain because they are all joined by 1 : 3-links. 
In formule (XXIV) and (XXV), however, the 2 : 3 : 4-trimethyl galactose may be produced 
from galactose units in the side chains R or from those in the main galactose chain which are 
joined by 1 : 6-links. 

The three formule (XXIII, XXIV, and XXV) give expression to the experimental 

















1730 Smith: The Constitution of Arabic Acid. Part II. 


results obtained in this work and they represent in a general way the type of structure 
which may be present in degraded arabic acid. 


EXPERIMENTAL. 


Degraded Arabic Acid.—The barium salt of degraded arabic acid prepared from arabic acid by 
hydrolysis with 0-01N-sulphuric acid was identical with that obtained by autohydrolysis (see 
Smith, this vol., p. 744). It was a white powder and had [a]) — 9° in water (c, 1-0); equiv., 670 
(determined from the barium content). The free degraded arabic acid, liberated from the 
barium salt in aqueous solution by a slight excess of dilute sulphuric acid, was after filtration 
obtained as a colourless precipitate by pouring the filtrate into vigorously stirred alcohol. 
Purification by reprecipitation from an aqueous solution with alcohol gave a powder which had 
[a}}®* — 9° in water (c, 1-0); equiv., 660 (determined by titration with 0-1N-sodium hydroxide) ; 
iodine number, ca. 10-0. Both degraded arabic acid and its barium salt reduced Fehling’s 
solution on boiling. Fractional precipitation of the free acid and the barium salt from an 
aqueous solution by means of alcohol showed that both were essentially homogeneous. 

Methylation of Degraded Arabic Acid.—The barium salt of degraded arabic acid (15 g.) in 
water (50 c.c.) was methylated with methyl sulphate (200 c.c.) and sodium hydroxide (450 c.c. of 
a 30% aqueous solution) in the presence of a little acetone. The reagents were added in tenths 
during 3 hours at 20°. After 12 hours the methylation was completed by heating for 15 minutes 
at 80°. No insoluble methylated material separated and since trial experiments had shown that 
only a small proportion could be extracted with chloroform from an acidified aqueous solution, 
the pale yellow solution containing the sodium salt of partly methylated degraded arabic acid 
was cooled to 0° and almost neutralised with 5n-sulphuric acid. The sodium sulphate was 
filtered off, and the slightly alkaline aqueous solution concentrated under diminished pressure 
almost to dryness. The product contained in this residue was subjected to further methylation 
under the same conditions as above. After three methylations the solution containing sodium 
sulphate and the partly methylated degraded arabic acid was acidified with 5n-sulphuric acid 
and then extracted several times with chloroform. The chloroform extracts were combined, 
washed twice with an aqueous solution of sodium sulphate to remove mineral acid, dried over 
anhydrous magnesium sulphate, filtered, and evaporated to dryness, giving a pale yellow glassy 
solid. Inthis manner 90 g. of the barium salt of degraded arabic acid yielded 82 g. of the partly 
methylated compound. Its aqueous solution was acid to litmus and it did not reduce Fehling’s 
solution. It was soluble in alcohol and acetone but insoluble in ether and light petroleum 
(Found : OMe, 35-0%). 

The partly methylated material was divided into four portions, and each portion was 
methylated in the presence of acetone, the same quantities of reagents as employed above being 
used, at 30—35° for 8 hours, acetone being added from time to time to replace that lost by 
evaporation in order to keep the methyl derivative in solution. After each methylation the 
solution was cooled and acidified with sulphuric acid, and the product extracted with chloroform. 
Five methylations under these conditions gave a product (58 g.) which had [«]?” — 54-4° in 
chloroform (c, 1-1); equiv., 817 (determined by titration of an aqueous alcoholic solution of the 
substance with sodium hydroxide) (Found : OMe, 39-0%). After nine methylations the material 
(47 g.) appeared to be completely methylated. The methylated degraded arabic acid, a pale 
yellow solid, had [«]?”” — 54-0° in chloroform (c, 1-4); equiv., 825 (Found : OMe, 39-5%). 

Fractionation of the Methylated Degraded Avabic Acid.—The glassy solid was dissolved in 
chloroform, and fractional precipitation effected by gradual addition of light petroleum with 
stirring. Three fractions were obtained having almost identical properties, [«]?” — 55° in 
chloroform (c, 1-0); equiv., 830 (Found : OMe, 39-5%). 

Methylation with Silver Oxide and Methyl Iodide.—When a solution of methylated degraded 
arabic acid (27 g.) in methyl] iodide (40 c.c.) was treated with silver oxide, esterification proceeded 
smoothly without the application of external heat. The methylation was completed by boiling 
under reflux for 6 hours. The solution was filtered, and the residue washed well with hot acetone. 
The filtrate and washings were combined and evaporated to dryness. After three such treat- 
ments the product (26 g.) had [«]?”” — 54° in chloroform (c, 1-2) (Found : OMe, 44-6%). 

Fractionation of the Methyl Ester of Methylated Degraded Arabic Acid.—The methy] ester of 
methylated degraded arabic acid (26 g.) was dissolved in chloroform (80 c.c.) and precipitated in 
three fractions by the addition of light petroleum slowly with stirring: Fraction (I) (16-2 g.), 
(a]}" — 58-8° in chloroform (c, 1-0), 42° 0-117 in m-cresol (c, 1-0) (Found: OMe, 44-8%); 
fraction (II) (7 g.), [«]??” — 58-2° in chloroform (c, 1-0), 438° 0-118 in m-cresol (c, 1-0) (Found : C, 
51-8; H, 7-4; OMe, 45-0%); fraction (III) (2 g.), [a]? — 46-4° in chloroform (¢, 1-0) (Found : 
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OMe, 43-0%). The last fraction, being incompletely methylated, was rejected. Since the 
“‘ shape-factor ’’ will obviously play an important part in the viscosity of solutions of this 
branched chain molecule, it is evident that the above figures for the specific viscosity cannot be 
used to calculate the molecular weight of the methyl ester of methylated degraded arabic acid. 

Hydrolysis of the Methyl Ester of Methylated Degraded Arabic Acid.—Fractions I and II were 
combined and the material (22 g.) was boiled for 10 hours with 6-5% methyl-alcoholic hydrogen 
chloride (600 c.c.); the specific rotation had then become constant ([«]?” ca. + 103°). The 
solution was neutralised with silver carbonate, filtered, and evaporated at 40° under diminished 
pressure to give a non-reducing syrup (25 g. approx.). This syrup was dissolved in water 
(200 c.c.) and heated with 0-3n-barium hydroxide (200 c.c.) for 2 hours at 55°. The solution was 
neutralised with carbon dioxide and filtered, and the residue washed several times with hot 
water. The filtrate and washings were combined and concentrated to a volume of 200 c.c. under 
diminished pressure at 40°. The treatment with 0-3n-barium hydroxide (200 c.c.) was repeated 
to ensure complete saponification of the ester. The solution was again neutralised with carbon 
dioxide, filtered, and evaporated to dryness under reduced pressure and the syrupy product, from 
which all traces of solvent were removed by heating in a vacuum at 60° for 2 hours, was 
exhaustively extracted with alcohol-free dry ether. The barium salt (B) was filtered off, 
washed with ether, and dried (yield, 7-5 g.). The ethereal extracts and washings were combined 
and freed from solvent, giving a syrup (A). 

Examination of the syrupy mixture of galactosides (A). This syrup (A) slowly deposited 
crystals, and these, after keeping for several days, were triturated with ether to remove adhering 
syrup, filtered off, and washed with ether (yield, 0-8 g.). Crystallisation from acetone-ether 
gave 2: 4-dimethyl 8-methylgalactopyranoside (XIV), m. p. 165—166°. The ethereal solution 
and washings were combined and evaporated under diminished pressure; the syrup thus 
produced was subjected to fractional distillation, giving : 


Fraction. Weight (g.). B. p. (bath temp.). nis*, [alp in water. OMe, %. 


I 3-16 120°/0-07 mm. 1-4540 +112-9° 56-2 
II , 120—130/0-04 mm. 1-4650 135-6 51-0 
III “4 130—135/0-04 mm. 1-4670 139-5 49-6 
IV . 135—140/0-04 mm. 1-4730 140-5 44-3 
Vv ; 140—160/0-04 mm. 1-4740 139-0 42-9 


The undistilled residue (ca. 2 g.) was rehydrolysed by boiling with 5% methyl-alcoholic 
hydrogen chloride (150 c.c.) for 8 hours. The syrupy product isolated as above gave on 
distillation : 

Fraction. Weight (g.). B.p. (bath temp.). . nis”. [a]p in water. OMe, %. 


VI 1-02 120°/0-04 mm. 1-4500 +90-8° 55-6 
VII 0-98 140—-170/0-04 mm. 1-4730 112-5 42-2 


The undistillable dark residue (0-2 g.) was rejected. 

The fractions IV, V, and VII, which crystallised spontaneously, were dissolved in a small 
quantity of hot acetone, and light petroleum added until a slight turbidity appeared. On 
keeping, 2 : 4-dimethyl a-methylgalactoside (XIII) separated in needles, m. p. 102° after crystal- 
lisation from the same mixture of solvents (yield, 3-09 g.). Removal of solvent from the mother- 
liquors gave a syrup (S), which was included in the following distillation. 

Redistillation of fractions I, II, III, VI, and the syrup (S). Fractions I and VI were com- 
bined and distilled until the refractive index of the distillate reached that of the first drop which 
* was collected in Fraction II; the latter was then added and distillation continued. Similarly, 
when the refractive index of the distillate rose to that of the first drop collected in Fraction III, 
this was also added and finally the syrup (S) was also subjected to redistillation. In this way the 
following fractions were obtained : 


Fraction. Weight (g.).  B. p. (bath temp.). nn, OMe, %. 


1-92 115—120°/0-02 mm. 1-4505 —_ 
0-20 120—125/0-02 mm. 1-4540 oan 
7-76 140—160/0-02 mm. » 1-4650 1- 
0-22 160—165/0-02 mm. 1-4685 9- 
1-39 165—170/0-02 mm. 1-4735 —_ 


Fraction G yielded 2 :; 4-dimethy] a-methylgalactoside (0-65 g.), m. p. 102°, and a syrup, 2: 3: 4- 
trimethyl methylgalactoside (0-74 g.), b. p. (bath temp.) 160°/0-02 mm., ?”° 1-4675 (Found : 
OMe, 49-9%). 
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Fractions C and D were combined and redistilled, giving : fraction (i) (1-84 g.), 2:3: 4: 6- 
tetramethyl methylgalactoside, b. p. (bath temp.) 90°/0-05 mm., }?” 1-4500 (Found: OMe, 
60-0%), and fraction (ii) (0-17 g.), 2:3: 4-trimethyl methylgalactoside, b. p. (bath temp.) 
140°/0-05 mm., n° 1-4650 (Found : OMe, 51-7%). 

Assuming that the refractive indices of mixtures of a- and §-forms of tetra-, tri-, and di- 
methyl methylgalactosides are n?” 1-4500, 1-4650, and 1-4750 respectively, it can be calculated 
that the approximate amounts of these present in the fractions after the final distillation are as 
follows: 2:3: 4: 6-tetramethyl methylgalactoside, 1-84 g.; 2:3: 4-trimethyl methylgalac- 
toside, 8-63 g.; 2: 4-dimethyl methylgalactoside, 4-8 g. (including the crystalline «- and 6-forms 
of 2: 4-dimethyl methylgalactoside which had been separated). The acid portion of the 
molecule, consisting of the barium salt of 2 : 3 : 4-trimethyl methylglucuronoside, amounted to 
7-5 g. In molecular proportions these yields correspond approximately to 2:3: 4: 6-tetra- 
methyl methylgalactoside (1), 2: 3 : 4-trimethyl methylgalactoside (5), 2 : 4-dimethyl methyl- 
galactoside (3), and 2: 3: 4-trimethy] methylglucuronoside (3). The amount of 2:3: 4: 6- 
tetramethyl methylgalactoside obtained was 8-4% of the methyl ester of the methylated 
degraded arabic acid hydrolysed. 

In another series of experiments (with J. Jackson), degraded arabic acid, prepared solely by 
autohydrolysis of arabic acid in aqueous solution, was methylated as described above. The 
methylated degraded arabic acid had [«]}*° — 55° in chloroform (c, 1-0), 30° 0-031 in m-cresol (c, 
0-4) (Found: OMe, 45-5%). The molecular weight determined by osmotic pressure measure- 
ments (carried out by Dr. S. R. Carter and Dr. W. T. Chambers) was approximately 4800. The 
product (15-38 g.) gave on hydrolysis with 6% methyl-alcoholic hydrogen chloride (300 c.c.), 
2:3: 4-trimethyl methylglucuronoside, 3-95 g. (ca. 3 mol. prop.); 2:3: 4: 6-tetramethyl 
methylgalactoside, 1-28 g. (ca. 1 mol. prop.); 2:3: 4-trimethyl methylgalactoside, 5-93 g. 
(ca. 5 mol. prop.); 2: 4-dimethyl methylgalactoside, 3-84 g. (ca. 3 mol. prop.). The amounts of 
these substances were calculated from the refractive index of the fractions after three distilla- 
tions. The tetramethyl methylgalactoside amounts to 8-3% of the methylated derivative 
hydrolysed. 

Structure of the 2: 3: 4-Trimethyl Methylglucuronoside (I).—The ether-insoluble barium salt (B) 
was easily soluble in water and in methyl alcohol. It was neutral and non-reducing [Found : 
OMe, 37-1. (C,)9H,,0,),Ba requires OMe, 39-05%]. The free acid (I) was prepared from the 
barium salt (B) (1 g.) by dissolving it in water (20 c.c.) and adding a slight deficiency of 0-1n- 
sulphuric acid. The barium sulphate was filtered off, and the filtrate evaporated to dryness 
under diminished pressure. The organic acid was extracted with chloroform and after drying 
over anhydrous magnesium sulphate the chloroform solution gave on evaporation a syrup 
(0-75 g.), which was freed from solvent by heating for 2 hours at 70° under reduced pressure. 
The syrup dissolved in water, giving an acid solution which did not reduce Fehling’s solution. 
It had [«]}”" + 80° in water (c, 0-9). When the acid was boiled with dilute hydrochloric acid for 
a few minutes, hydrolysis took place and the solution, which now contained 2: 3 : 4-trimethyl 
glucuronic acid, readily reduced Fehling’s solution (Found : OMe, 48-2; equiv., 270. Calc. for 
C,9H,,0,: OMe, 49-6%; equiv., 250). 

Methylation of the barium salt. There was no increase in methoxyl content when the barium 
salt (B) (1 g.) was methylated with sodium hydroxide (30 c.c. of a 30% solution) and methyl 
sulphate (10 c.c.) in the presence of acetone (12 c.c.) at 35°. The 2:3: 4-trimethyl methyl- 
glucuronoside isolated from the methylation mixture had [a]? + 79° in water (c., 0-94); 
equiv., 275 (Found : OMe, 49-0%). 


Methyl Ester of 2: 3: 4-Trimethyl Methylglucuronoside (II).—The free acid (0-7 g.), prepared . 


from the barium salt by the action of sulphuric acid as described above, was boiled for 8 hours 
with 3% methyl-alcoholic hydrogen chloride (100 c.c.). The solution was neutralised with silver 
carbonate, filtered, and concentrated to a thin syrup, which was distilled, giving a colourless 
liquid (0-6 g.), b. p. (bath temp.) 120°/0-02 mm., n}%* 1-4470, [aJi® + 87° in water (c, 1-0). It 
was neutral and did not reduce Fehling’s solution. This methyl ester was also prepared directly 
from the barium salt by boiling the latter with methyl-alcoholic hydrogen chloride and was 
isolated in the same way (Found: C, 50-0; H, 7-7; OMe, 58-0; CO,Me, 22-0. Calc. for 
C,,HypO9,: C, 50-0; H, 7-65; OMe, 68-7; CO,Me, 22-35%). When treated with methyl-alcoholic 
ammonia, the methyl ester (285 mg.) gave the amide of 2 : 3 : 4-trimethyl a-methylglucuronoside 
(250 mg.) (III), which separated well from ethyl alcohol-ether; m. p. 183°, [a]? + 137-5° in 
water (c, 0-7) (Found: C, 48-4; H, 7-8; OMe, 50:2; N, 5-7. CH ,,O,N requires C, 48-2; 
H, 7:7; OMe, 49-8; N, 5-6%). 

Methylation of Glucuronic Acid.—Glucuronolactone (1-0 g.) was methylated according to the 
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directions given by Challinor, Haworth, and Hirst (loc. cit.) and the 2 : 3 : 4-trimethyl methyl- 
glucuronoside (0-7 g.) was esterified by boiling for 6 hours with 3% methyl-alcoholic hydrogen 
chloride (100 c.c.). The methyl ester distilled as a colourless liquid (0-6 g.), b. p. (bath temp.) 
125° /0-2 mm., 13° 1-4467, [a]? + 81° in water (c, 0-8). It was neutral to litmus and did not 
reduce Fehling’s solution (Found : OMe, 58-2; CO,Me, 21-8. Calc. for C,;,H,O,: OMe, 58-7; 
CO,Me, 22-35%). On treatment with methyl-alcoholic ammonia at 0° for 24 hours the ester 
yielded the amide of 2 : 3 : 4-trimethyl «-methylglucuronoside (III), m. p. 183° (after recrystallis- 
ation from ethyl] alcohol-light petroleum), [«]?” + 138° in water (c, 0-6). It gave no depression 
of the m. p. when mixed with the amide of 2 : 3 : 4-trimethyl methylglucuronoside obtained by 
hydrolysis of the methyl ester of methylated degraded arabic acid (Found: C, 48-4; H, 8-0; 
OMe, 50-0; N, 5-8%). 

When 2: 3: 4-trimethyl 8-methylglucuronoside (m. p. 134°) was esterified by titration with 
ethereal diazomethane, there was produced, on removal of the excess of the solvent, a syrupy 
methyl ester which failed to crystallise. This methyl ester was then treated with methyl- 
alcoholic ammonia in the normal way and after 2 days the excess of solvent was removed, leaving 
a crystalline residue, which was recrystallised from acetone-ether. The amide of 2:3: 4- 
trimethyl 6-methylglucuronoside had m. p. 193°, [«]?”” — 47° in water (c, 1-2) (Found: N, 5-7. 
C,9H,,0,N requires N, 5-6%). 

2:3: 4-Tvimethyl Saccharolactone Methyl Ester (IV).—A solution of the methyl ester of 
2:3: 4-trimethyl methylglucuronoside (0-5 g.) in N-sulphuric acid (30 c.c.) was heated on the 
boiling water-bath for 20 hours. The solution, which then contained 2: 3 : 4-trimethyl glu- 
curonic acid, showed [a]}®° + 45° and reduced Fehling’s solution. (The ester methoxy] as well 
as the glycosidic methoxy] is probably removed in this hydrolysis.) The solution was neutralised 
with barium carbonate, filtered, and evaporated to dryness under reduced pressure. Inorganic 
impurities were separated by extracting the barium salt of the methylated uronic acid with 
methylalcohol. Removal of the solvent gave a pale yellow, glassy solid which reduced Fehling’s 
solution and gave a positive test for barium. The barium salt was then dissolved in water 
(5 c.c.), and bromine (1 c.c.) added. The bromine oxidation was allowed to proceed at room 
temperature until a portion of the solution, when freed from bromine, no longer reduced Fehling’s 
solution. Excess of the bromine was removed by aeration and the solution was neutralised with 
silver oxide. The silver bromide was filtered off, and the filtrate treated with hydrogen sulphide 
and again filtered to remove silver sulphide. The solution was then evaporated to dryness under 
diminished pressure, and the syrupy residue esterified by boiling for 8 hours with 1% methyl- 
alcoholic hydrogen chloride (100 c.c.). The solution was neutralised with silver carbonate, 
filtered, and evaporated to dryness, giving a syrup; this was distilled in a high vacuum, giving a 
colourless distillate, which crystallised immediately. After crystallisation from ethyl alcohol— 
ether-light petroleum the 2: 3 : 4-trimethyl saccharolactone methyl ester (IV) had m. p. 107° 
alone or in admixture with authentic 2 : 3 : 4-trimethyl saccharolactone methyl ester prepared 
from 2:3: 4-trimethyl 8-1 : 6-anhydroglucose (see below). The 2:3: 4-trimethyl saccharo- 
lactone methyl ester showed [«]?° + 32° (equilibrium value in water); [«]?° + 102° (initial 
value in methyl alcohol, c, 1-0), changing to + 52° (equilibrium value) (Found : C, 48-5; H, 6-5; 
OMe, 49-9. Calc. for C,,H,,0,: C, 48-4; H, 6-5; OMe, 50-0%). 

Oxidation of 2:3: 4-Trimethyl Methylglucuronoside with Nitric Acid.—A solution of the 
methyl ester of 2 : 3 : 4-trimethyl methylglucuronoside (II) (2-5 g.) in nitric acid (35 c.c., d 1-42) 
was heated for 14 hours at 50° and for 3 hours at 95°. The solution was then diluted with water 
and freed from nitric acid by distillation under diminished pressure at 45°, water being added 
from time to time to facilitate this process. The final traces of nitric acid were removed by 
addition of methyl alcohol and evaporation to dryness. The non-reducing acid syrup was 
esterified by boiling for 6 hours with 1% methyl-alcoholic hydrogen chloride (250 c.c.). The 
solution was cooled, neutralised with silver carbonate, filtered, and evaporated to a thin syrup, 
which was distilled, giving: Fraction (i) [a mixture of methyl /(+)-threodimethoxysuccinate 
and methy] i-xylotrimethoxyglutarate] (1-5 g.), b. p. (bath temp.) 120°/0-02 mm., n}¥° 1-4392— 
1-4414, [a]? + 32-4° (in methyl alcohol, c, 1-5) (Found : OMe, 60-0. Calc. for C,H,,O,: OMe, 
60-2%. Calc. for C,,H,,0,: OMe, 62-0%). Fraction (ii) (0-5 g.), b. p. (bath temp.) 140°/0-02 
mm., #3" 1-4457. Fraction (1) was treated with methyl-alcoholic ammonia and after 2 days at 
—5° the separation of crystalline material appeared to be complete. The supernatant liquor 
(M) was decanted and the crystals were washed with methyl alcohol, ether, and then dried. 
They were insoluble in ether and light petroleum, sparingly soluble in methyl and ethyl alcohol 
and slightly soluble in cold water, m. p. 295° (decomp.) (after recrystallisation from hot water) 
alone or in admixture with authentic /(+)-threodimethoxysuccinamide (d-dimethoxysuccin- 
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amide), and showed [a]i® + 95-2° in water (c, 1-1) (Found: C, 41-0; H, 6-7; OMe, 35-6; N, 
15-7. Calc. for CgH,,0,N, : C, 40-9; H, 6-9; OMe, 35-2; N, 15-9%). Removal of the excess of 
the solvent from the mother-liquor (M) gave a crystalline mass, which was triturated with ether— 
ethy] alcohol to remove adhering syrup; after recrystallisation from alcohol—ether, the m. p. was 
190° (decomp.) alone or in admixture with authentic i-xylotrimethoxyglutaramide. This amide 
was optically inactive (Found: C,43-5; H, 7-3; OMe, 43-0; N, 12-6. Calc. for C,H,,0,N, : 
C, 43-6; H, 7-35; OMe, 42-3; N, 12-7%). 

Fraction (ii) deposited large crystals on keeping; these, after being washed with ether and 
light petroleum, dried, and twice crystallised from ether—light petroleum, had m. p. 107° alone or 
in admixture with authentic 2 : 3 : 4-trimethyl saccharolactone methy] ester (IV). 

Oxidation of 2:3: 4-Trimethyl 8-1 : 6-Anhydroglucose with Nitric Acid.—-1 : 6-Anhydro- 
glucopyranose, prepared by the destructive distillation of starch (Pictet and Sarascin, Helv. 
Chim. Acta, 1918, 1, 87), was converted into the corresponding 2 : 3 : 4-trimethy] 8-1 : 6-anhydro- 
glucopyranose by the action of Purdie’s reagents (Irvine and Oldham, J., 1921, 119, 1744). A 
solution of 2 : 3 : 4-trimethy]l 8-1 : 6-anhydroglucopyranose (3 g.) in nitric acid (20 c.c., d 1-42) 
was heated on the water-bath for } hour at 60° and for 3 hours at 90°. The solution was then 
diluted with water and freed from nitric acid by distillation under diminished pressure; the 
removal of the nitric acid was facilitated by simultaneous addition and distillation of water, and 
when only a small amount of nitric acid remained, methyl alcohol was added and the solution 
was evaporated to dryness. Esterification of the dry syrupy acid product was effected by 
boiling it (for 8 hours) with 2% methyl-alcoholic hydrogen chloride (150 c.c.); the solution was 
cooled, neutralised with silver carbonate, filtered, and evaporated to dryness, giving a thin 
syrup, which was distilled : Fraction (I) [mainly methyl /(+-)-threodimethoxysuccinate (methyl 
d-dimethoxysuccinate) and some i-xylotrimethoxyglutaric acid]; fraction (II), b. p. (bath 
temp.) 150°/0-05 mm., n}® 1-4520; this fraction crystallised spontaneously. The crystals of 
2:3: 4-trimethyl saccharolactone methyl ester were freed from adhering syrup by trituration 
with ether-light petroleum and then crystallised from ethyl alcohol-ether-—light petroleum ; 
m. p. 107°, [«}#® + 103° (initial value in water; c, 1-0) (Found : OMe, 49-8, Calc. for C,)H,,0,: 
OMe, 50-0%). 

The Structure of the 2: 3:4: 6-Tetvamethyl Methylgalactoside.—A solution of the colourless 
mobile syrup in n-sulphuric acid was heated on the boiling water-bath until the rotation became 
constant ({«]?" ca. + 100°). The solution was neutralised with barium carbonate, filtered, and 
evaporated under diminished pressure to a syrup, which was freed from a little inorganic im- 
purity by extraction with alcohol. ~The syrup obtained on removal! of the solvent distilled as an 
oil, b. p. (bath temp.) 150°/0-5 mm., which crystallised on keeping (yield, almost quantitative). 
After recrystallisation from ether—light petroleum the material had ™m. p. 75° alone or in admix- 
ture with authentic 2 : 3 : 4: 6-tetramethyl «-galactopyranose (Found: C, 51-0; H, 8-2; OMe, 
52-3. Calc. for C,g>H,.O,: C, 50-85; H, 8-6; OMe, 52-5%). On boiling in alcoholic solution 
with aniline (1 mol.) the characteristic 2:3: 4: 6-tetramethyl galactopyranose anilide was 
obtained, m. p. 192° alone or in admixture with an authentic specimen (Found : C, 61-5; H, 8-3; 
OMe, 40-5; N, 4-7. Calc. for C,,H,,0,N : C, 61-7; H, 8-1; OMe, 39-9; N, 45%). 

The Structure of 2: 3: 4-Tvimethyl Methylgalactoside. 2:3: 4-Trimethyl Galactose (VII).—A 
solution of trimethyl methylgalactoside (2-4 g.) in N-sulphuric acid (100 c.c.) was heated on the 
boiling water-bath until the rotation became constant. The solution was then neutralised with 
barium carbonate, filtered, and evaporated to dryness under reduced pressure at 40°. A small 
amount of barium carbonate was removed by extracting the 2 : 3 : 4-trimethyl galactose with 
ethyl alcohol; removal of the solvent gave a colourless reducing syrup which failed to crystallise. 
On exposure to the air, however, or on the addition of a little water, crystalline 2 : 3 : 4-trimethyl 
galactose monohydrate was readily obtained and could be crystallised from acetone—ether-light 
petroleum, [«]}*° + 152° (initial value in water, c, 1-0) changing in 24 hours to + 114° (equili- 
brium value); m. p. 80° after sintering at 74°, not depressed by a synthetic specimen prepared 
either from §-1 : 6-anhydrogalactose (McCreath and Smith, Joc. cit.) or from 6-trityl «-methyl- 
galactoside by the method described below (Found : OMe, 38-4. Calc. for CjH,,0,,H,O : OMe, 
38-8%). 

When the anhydrous 2: 3 : 4-trimethyl galactose was treated with aniline (1 mol.) in boiling 
ethyl alcohol, the corresponding anilide was produced, m. p. 167° after crystallisation from ethyl 
alcohol (Found : C, 60-8; H, 7-7; OMe, 31-7; N, 4-8. Calc. for C,,H,,0,N : C, 60-6; H, 7-75; 
OMe, 31-35; N, 47%). 

2:3: 4-Tvimethyl 8-Galactonolactone (V1III).—The trimethy] galactose (1 g.) in water (20 c.c.) 
was treated with bromine (1 c.c.) at 30° until the reducing power of the solution had disappeared. 
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Excess of the bromine was removed by aeration, and the solution was neutralised with silver 
oxide, filtered before and after treatment with hydrogen sulphide, and evaporated to dryness 
under reduced pressure. The syrupy product was extracted with ether and distilled, giving 
0-6 g., b. p. (bath temp.) 140—150°/0-09 mm., ml 1-4757; [aJ]}® + 134° (after 10 mins.), 
changing to + 24° (after 9 hours; equilibrium value in water, c, 1-0). The lactone was 
acid to Congo-red, reacted readily with 0-In-sodium hydroxide, and did not reduce Fehling’s 
solution. 

When the lactone (130 mg.) was heated with phenylhydrazine (75 mg.) first in boiling ethereal 
solution for 15 minutes and finally for 2 hours at 85—-90° in the absence of solvent, a crystalline 
phenylhydrazide was obtained. The crystals were washed by decantation with ether and 
recrystallised from alcohol—ether (yield, 110 mg,), m. p. 175—176° alone or in admixture with a 
specimen of the phenylhydrazide of 2:3: 4-trimethyl galactonic acid. The latter was also 
prepared from a pure specimen of the methyl ester of heptamethyl 6-8-d-glucuronosido-d- 
galactose, m. p. 94°, [«]#° — 21° in water (c, 1-6) (cf. Challinor, Haworth, and Hirst, Joc. cit.) 
(Found: C, 54-9; H, 7:3; OMe, 28-4; N, 8-8. Calc. for C,,H,,O,N,: C, 54-9; H, 7-4; OMe, 
28-4; N, 85%). 

The amide of 2 : 3 : 4-trimethyl galactonic acid was prepared by treating the lactone (40 mg.) 
with methyl-alcoholic ammonia at — 5° for 24 hours. After recrystallisation from absolute 
alcohol it had m. p. 165°, [a]}§° + 32° in water (c, 2-1) (Found: C, 45-7 ; H, 7-8; OMe, 39-0; 
N, 5:8. C,H,,0,N requires C, 45-6; H, 8-1; OMe, 39-5; N, 5-9%). 

Methyl 2: 3: 4-Trimethyl Mucate (IX).—A solution of trimethyl methylgalactoside (1-3 g.) in 
nitric acid (10 c.c., d 1-42) was heated for 1 hour at 50° and for 2 hours at 80°. The solution was 
diluted with water and freed from nitric acid and water as previously described. The acid thus 
obtained was esterified by boiling for 6 hours with 1% methyl-alcoholic hydrogen chloride 
(100 c.c.). The solution was neutralised with silver carbonate, filtered and evaporated to 
dryness under reduced pressure. The ester thus produced crystallised on keeping and after 
recrystallisation from acetone—ether-light petroleum had m. p. 102—103° alone or in 
admixture with authentic methyl 2 : 3 : 4-trimethyl mucate; [a]? + 36° in water (c, 1-7). Its 
aqueous solution was neutral to litmus and it did not reduce Fehling’s solution (Found : C, 47-2; 
H, 7:2; OMe, 54-8. Calc. for C,,HO,: C, 47-1; H, 7-2; OMe, 55-3%). 

When the crystalline dimethyl ester of 2:3: 4-trimethyl mucic acid was treated with 
methyl-alcoholic ammonia, two amides were obtained. The crystals which separated from the 
methyl-alcoholic ammonia were washed with alcohol—-ether and recrystallised from methyl 
alcohol, giving the diamide of 2: 3: 4-trimethyl mucic acid, m. p. 273° (decomp.) (Found: C, 
43-4; H, 6-9; OMe, 36-7; N, 11-5. C,H,,0O,N, requires C, 43-2; H, 7:3; OMe, 37-2; N, 
112%). Removal of the excess of solvent from the mother-liquors gave a crystalline mass, 
which was recrystallised from alcohol-ether-light petroleum, giving a monoamide of methyl 
2:3: 4-trimethyl mucic acid, m. p. 156°, [aJ]}#®° + 34° in water (c, 3-0). This monoamide gave a 
negative Weerman test for a-hydroxy-amides and the amide group is therefore considered to be 
in position 1 (Found: C, 45-0; H, 7-0; OMe, 45-8; N, 5:3. CyH,,O,N requires C, 45-3; 
H, 7:2; OMe, 46-8; N, 53%). 

The bismethylamide of 2: 3 : 4-trimethyl mucic acid was obtained by treating the dimethyl 
ester of 2: 3: 4-trimethyl mucic acid with methyl-alcoholic methylamine for 3 days at 15°. 
Removal of the solvent gave a crystalline product, which separated well from ethyl alcohol-ether, 
apparently as a monohydrate, m. p. 205°, [a]}® + 7-5° in water (c, 1-3) (Found: C, 44-4; H, 
8-25; OMe, 31:0; N, 9-5. C,,H,,0,N,,H,O requires C, 44-6; H, 8-2; OMe, 31-4; N, 9-5%). 

Synthesis of 2:3:4-Trimethyl Galactose (VIII).—«-Methylgalactopyranoside, which 
probably contained some $-methylgalactopyranoside, was dehydrated by heating at 110° ina 
vacuum for several hours. The clear colourless syrup was dissolved in dry pyridine, trityl 
chloride (1 mol.) added, and after 5 days the syrupy crystalline mass was warmed and then 
poured into water. The pyridine was removed, most of it by repeated washing of the stiff syrup 
with water, and the last traces by washing a chloroform solution of the crude 6-trityl «a-methyl- 
galactoside several times with N-sulphuric acid. The chloroform solution was then washed with 
sodium bicarbonate solution, followed by water, dried over anhydrous magnesium sulphate, and 
filtered. On removal of the solvent under reduced pressure there was obtained a pale yellow, 
glassy residue of 6-ivityl «-methylgalactopyranoside (XI), [a]}® + 30° in acetone (c, 2-0) (yield, 
almost quantitative) (Found : OMe, 6-1. C,,H,,O, requires OMe, 7-1%). 

The 6-trityl «-methylgalactopyranoside (65 g.) was dissolved in acetone and subjected to 
methylation with methyl] sulphate (150 c.c.) and sodium hydroxide (450 c.c. of a 30% solution) in 
the usual way at 35—40°, acetone being added from time to time to replace that lost by evapor- 
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ation in order to keep the trityl compound in solution. After 1} hours the methylation was 
completed by heating the mixture for 20 minutes at 70° to expel the acetone, and the partially 
methylated 6-trityl a-methylgalactoside separated as a syrup which on cooling became 
sufficiently stiff to allow of its easy transference to another flask for a further methylation by the 
same method. After six methylations in this way, the crude material was dissolved in chloro- 
form and the solution was washed several times with water, dried over anhydrous magnesium 
sulphate, and evaporated to dryness under reduced pressure, giving a pale yellow, glassy product, 
which was subjected to two treatments with Purdie’s reagents. The 6-trityl 2: 3: 4-trimethyl 
a-methylgalactoside (XII) isolated by means of acetone had [a]}* + 44° in chloroform (c, 2-0) 
(Found: OMe, 20-2. C,,H,,0, requires OMe, 25-9%). The low methoxyl value is probably 
due to the presence of triphenylmethylcarbinol, which at this stage would be in the form of its 
methyl ether. 

A solution of 6-trityl 2 : 3 : 4-trimethyl a-methylgalactopyranoside (68 g.) in ether (400 c.c.) 
was cooled to 10° and saturated with dry hydrogen chloride. After keeping for 2 hours at 10— 
15°, as much hydrogen chloride as possible was removed by distillation under reduced pressure at 
room temperature. The ethereal solution was then exhaustively extracted with water and the 
combined aqueous extracts were neutralised with lead carbonate, filtered, and evaporated to 
dryness under reduced pressure. The 2: 3: 4-trimethyl «-methylgalactoside extracted from the 
residue with acetone was distilled, giving 25 g., b. p. (bath temp.) 160°/0-05 mm., u}% 1-4640, 
[a}}?" + 160° in water (c, 1-3) (Found : OMe, 51-0. Calc. for C,gH,,O, : OMe, 52-5%). 

A solution of 2: 3 : 4-trimethyl methylgalactoside (10 g.) in N-sulphuric acid (100 c.c.) was 
heated on the boiling water-bath until the rotation became constant ([aJ]}® + 115°). It was 
then neutralised with barium carbonate, filtered, and evaporated to dryness under reduced 
pressure, giving a syrup, which was freed from a little inorganic matter by extraction with 
acetone. Distillation of the acetone gave 2: 3: 4-trimethyl galactose as a syrup, which was 
crystallised as its monohydrate, m. p. 79° after sintering at 73°; [a]}®° + 154° (initial value in 
water, c 1-2), changing in 2 hours to + 114° (equilibrium value) (Found: OMe, 39-0. Calc. 
for C,H,,0,,H,O : OMe, 38-8%). 

On treating the anhydrous 2 : 3 : 4-trimethyl galactose with aniline (1 mol.) in boiling ethyl 
alcohol for 4 hours, the corresponding anilide was obtained, m. p. 167° after crystallisation from 
ethyl alcohol; [«]}§° — 65° (initial value in methyl alcohol, c 1-1), changing to + 43° (equilibrium 
value) (Found: N, 4-9. Calc. for C,,H,,0,;N : N, 47%). 

Structure of the 2:4-Dimethyl Methylgalactosides——(a) 2: 4-Dimethyl ®-methylgalactopyr- 
anoside (XIV). The crystalline material (0-8 g.) which separated from the syrup (A) was re- 
crystallised from acetone—ether, and 2 : 4-dimethyl B-methylgalactoside, m. p. 165—166°, obtained. 
The crystalline material was non-reducing, but after boiling with dilute hydrochloric acid (5n) 
for several minutes the solution readily reduced Fehling’s solution. It showed no appreciable 
rotation in water (c, 1-8) (Found: C, 48-9; H, 8-5; OMe, 41-0. C,H,,0, requires C, 48-6; 
H, 8-2; OMe, 41-9%). 

The dimethy] methylgalactoside (0-360 g.) was completely methylated by one treatment with 
methyl iodide and silver oxide and the syrup isolated by means of acetone was distilled, giving a 
colourless liquid (0-3 g.), b. p. (bath temp.) 110°/0-15 mm. The distillate crystallised spon- 
taneously and after recrystallisation from light petroleum the 2 : 3 : 4 : 6-tetramethyl 6-methyl- 
galactoside (XVI) had m. p. 48° alone or in admixture with authentic 2 : 3: 4: 6-tetramethyl 
6-methylgalactopyranoside; [«]}*° + 19-1° in water (c, 3-5) (Found: OMe, 61-9. Calc. for 
C,,H,,0,: OMe, 62-0%). 

A solution of 2 : 4-dimethyl 6-methylgalactoside (177 mg.) in n-sulphuric acid (10 c.c.) was 
heated for 6 hours on the boiling water-bath until the rotation became constant ([«]?” + 84°). 
The solution was neutralised with barium carbonate, filtered, and evaporated to dryness under 
diminished pressure at 50°, giving 2 : 4-dimethyl galactose (XV), which crystallised as the mono- 
hydrate on exposure to the air or on the addition of a little water. It separated well from ethyl 
alcohol—acetone—ether, m. p. 103°, [a]}®° + 122° (after 10 minutes), changing to + 85-6° (equi- 
librium value in water, c 1-7) (Found: C, 42-5; H, §-2; OMe, 27-9. C,H,,0,,H,O requires 
C, 42-5; H, 8-0; OMe, 27-4%). 

(b) 2:4-Dimethyl a-methylgalactopyranoside (XIII). The second crystalline dimethy] 
methylgalactoside which was separated during the fractional distillation of the mixture of 
methylated galactosides was recrystallised from acetone—light petroleum. The product, 2: 4- 
dimethyl a-methylgalactoside, had m. p. 105°, [«]}*° + 142° in water (c, 1-1). It was much more 
soluble in alcohol, acetone, and ether than the corresponding 2 : 4-dimethyl 6-methylgalactoside 
but, like the latter, it was insoluble in light petroleum. It did not reduce Fehling’s solution until 
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subjected to hydrolysis by boiling with dilute hydrochloric acid (Found: C, 48-7; H, 7-8; 
OMe, 41:2. C,H,,O, requires C, 48-6; H, 8-2; OMe, 41-9%). 

A solution of the 2: 4-dimethyl «-methylgalactoside (0-69 g.) in N-sulphuric acid (20 c.c.) 
was heated on the boiling water-bath for 34 hours, the specific rotation (initial value + 120°) 
then becoming constant (+ 79°). The solution was neutralised with barium carbonate, and the 
2: 4-dimethyl galactose isolated as in the previous case (0-7 g.). It readily gave the mono- 
hydrate, m. p. 103°, [a]? + 122-7° (after 5 minutes), changing to + 87-5° (equilibrium value in 
water, c 1-8), and it was identical with the 2 : 4-dimethyl galactose monohydrate prepared from 
2 : 4-dimethyl 6-methylgalactoside (Found: C, 42-6; H, 7-8; OMe, 27-4%). 

2: 4-Dimethyl Galactose Anilide—When anhydrous 2 : 4-dimethyl galactose was allowed to 
react for 3 hours with aniline (1 mol.) in boiling ethyl alcohol, the corresponding anilide was 
readily obtained, m. p. 216° (after crystallisation from methyl alcohol). It was sparingly 
soluble in ethyl alcohol and insoluble in acetone and ether (Found : C, 59-45; H, 7-8; OMe, 22-2; 
N, 4:8. C,,H,,O,;N requires C, 59-4; H, 7-5; OMe, 21-9; N, 49%). 

4-Methyl Galactose Phenylosazone.—Crystalline dimethyl galactose (0-3 g.), dissolved in water 
(10 c.c.) containing glacial acetic acid (2 c.c.), was heated with phenylhydrazine (0-5 g.) for 3 hours 
at 80°. The crystalline osazone was filtered off, washed with dilute acetic acid, water, benzene, 
and ether, and recrystallised from aqueous alcohol (60%); it then had m. p. 150°. It was 
insoluble in benzene, ether, and light petroleum but readily soluble in acetone and alcohol 
(Found : C, 61-0; H, 6-9; OMe, 7-7; N, 15-0. C,,H,,O,N, requires C, 61:3; H, 6-5; OMe, 8-3; 
N, 15:1%). When this 4-methyl galactose phenylosazone was kept in the solid state, the m. p. 
gradually fell until after about 3 years it was approx. 130°. When it was crystallised from 
aqueous methyl alcohol, a product, m. p. 158° (decomp.), was obtained, the analysis of which 
indicates that it is a 4-methyl anhydrogalactose phenylosazone (Found: C, 64-6; H, 6-5; OMe, 
8-8; N, 15-9. C,,H,,.O,N, requires C, 64-4; H, 6-3; OMe, 8-8; N, 15-8%). 

2: 4-Dimethyl Galactonolactone (XVII).—Dimethyl galactose (1 g.) in water (15 c.c.) was 
allowed to react with bromine (1 c.c.) for 2 days at 20° until the solution became non-reducing. 
The solution was freed from excess of the bromine, neutralised with silver oxide, filtered before 
and after treatment with hydrogen sulphide, and evaporated to dryness under reduced pressure, 
giving a syrupy 2: 4-dimethyl galactonolactone which was acid to litmus and did not reduce 
Fehling’s solution. It showed [a]}* + 100° (initial value in water, c 1-2), changing in 18 hours to 
+ 62° (equilibrium value) (Found : OMe, 30-1%). On treatment with phenylhydrazine (1 mol.) 
by the method previously used, the phenylhydrazide of 2: 4-dimethyl galactonic acid was 
obtained in good yield, m. p. 183° after crystallisation from alcohol-ether (Found : C, 53-3; H, 
7:2; OMe, 19-7; N, 8-7. C,,4H,,O,N, requires C, 53-5; H, 7-1; OMe, 19-75; N, 8-9%). The 
lactone was regenerated from the phenylhydrazide by heating the latter at 80° for 10 hours with 
excess of 0-1n-sulphuric acid. The solution was neutralised with barium carbonate, filtered, 
and freed from phenylhydrazine by extraction with ether. The barium was removed by means 
of sulphuric acid and after filtration the solution was evaporated under diminished pressure, 
giving a syrup, which was distilled ina high vacuum. The distillate crystallised spontaneously 
and after recrystallisation from ether—acetone the 2 : 4-dimethyl 3-galactonolactone had m. p. 113°, 
[a}}** + 162-2° in water (c, 0-54) (initial value), changing in 20 hours to + 52-6° (equilibrium 
value) (Found: OMe, 30-0. C,H,,0, requires OMe, 30-1%). 2: 4-Dimethyl galactonamide 
(XVIII), prepared from the lactone by the action of methyl-alcoholic ammonia, had m. p. 167° 
after crystallisation from ethyl alcohol; [«]}* + 59° in water (c, 0-8). This amide gave a 
negative Weerman reaction (Found: C, 43-2; H, 7-5; OMe, 27-6; N, 6-2. C,H,,0O,N requires 
C, 43-1; H, 7-7; OMe, 27-8; N, 6-3%). 

The Methyl Ester y-Lactone of 2 : 4-Dimethyl Mucic Acid (XX).—A solution of 2 : 4-dimethyl 
galactose (0-91 g.) in nitric acid (30 c.c., d 1-2) was heated for 24 hours at 50—55°; it was then 
diluted with water and freed from nitric acid by distillation under diminished pressure, water 
and finally methyl alcohol being added to facilitate this process. The dry syrupy acid thus 
obtained was boiled for 6 hours with 1% methyl-alcoholic hydrogen chloride (50 c.c.). The 
solution was cooled, neutralised with silver carbonate, filtered, and evaporated to a syrup, 
which was distilled, giving a colourless liquid (0-4 g.), b. p. (bath temp.) 190°/0-12 mm. The 
distillate of the methyl ester of 2 : 4-dimethyl mucic acid 3 : 6-lactone crystallised spontaneously. 
It separated well from acetone-ether—light petroleum in needles, m. p. 111°; [aji# + 120° 
(initial value in water, c 1-0), + 112° (after 1 day), + 104° (3 days), + 93° (8 days), + 89° (10 
days), + 86° (12 days), + 83-5° (14 days) (mutarotation still incomplete) (Found: C, 46-1; H, 
6-0; OMe, 39-3. C,H,,0O, requires C, 46-15; H, 6-0; OMe, 39-75%). A freshly prepared 
solution in water was neutral to litmus but developed acidity after several days. The sub- 
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stance behaved as a y-lactone, reacting slowly with sodium hydroxide (1 equiv.) in the cold but 
when warmed at 50° for 30 minutes it reacted with two equivs. [19-69 mg. required 16-8 c.c. of 
0-01n-sodium hydroxide, giving an equiv. wt. 117 (approx.) or M, 234. C,H,,O, requires M, 
234). 
The presence of one ester methoxyl group was shown in the following way. The compound 
(ca. 30 mg.) was heated with 0-16n-barium hydroxide (5 equivs.) at 50° for lhour. The solution 
was neutralised with carbon dioxide and evaporated to dryness under diminished pressure. All 
these operations were effected in a Zeisel apparatus and a methoxy] estimation was carried out on 
the dry residue consisting of barium carbonate and the barium salt of the organic acid [Found : 
OMe, 26-2. Calc. : OMe (for loss of 1 methoxyl group), 26-3%]. The methyl ester y-lactone of 
2; 4-dimethyl mucic acid, m. p. 111°, [aJ}#” + 119-0° (initial value in water, ¢ 1-3), was also 
obtained (a) when 2: 4-dimethyl 8-galactonolactone was similarly oxidised with nitric acid 
(d 1-2), and (6) by the nitric acid oxidation of both the a- and the §-form of 2 : 4-dimethyl 
methylgalactoside. 

On treatment with methyl-alcoholic ammonia for 24 hours at 0° the ester lactone readily gave 
the diamide (XXI) of 2 : 4-dimethyl mucic acid, which separated well from hot aqueous alcohol ; 
m. p. 229° (decomp.), [a], + 30° in water (c 1-0). It showed a positive Weerman reaction 
(Found : OMe, 26-3; N, 11-8. C,H,,O,N, requires OMe, 26-3; N, 11-9%). 

Similarly, when the 2: 4-dimethyl mucic lactone methyl ester was allowed to react with 
methyl-alcoholic methylamine for 3 days at room temperature, the bismethylamide was produced. 
The crystalline product obtained on removing the excess of the solvent was recrystallised from 
methyl alcohol-ether and had m. p. 214°, [a]}* + 27° in water (c, 1-5) (Found: OMe 22-4; 
N, 10-7. CygHygO,N, requires OMe, 23-5; N, 10-6%). 

The Methyl Esier Lactone of 2: 4: 5-Trimethyl Mucic Acid (KXII).—The methyl ester of the 
y-lactone of 2 : 4-dimethyl mucic acid (0-5 g.) was methylated twice with Purdie’s reagents in the 
usual way. The product, isolated by means of acetone, was dissolved in a small volume of ether ; 
on keeping at room temperature, rectangular plates of methyl 2: 3 : 4: 5-tetramethyl mucate 
separated, m. p. 109° alone or in admixture with an authentic specimen (Karrer and Peyer, 
Helv. Chim. Acta, 1922, 5, 577, record m. p. 103°), This dimethyl ester showed no rotation in 
aqueous solution (Found: C, 49:1; H, 7-7; OMe, 63-2. Calc. for C,,H,,O,: C, 49-0; H, 7-6; 
OMe, 63:3%). Light petroleum was added to the ethereal mother-liquor until a faint turbidity 
was produced. On cooling the solution to — 5°, long needles separated; these on repeated 
fractional crystallisation gave the pure methyl ester lactone of 2 : 4: 5-irimethyl mucic acid, m. p. 
63—64°, [a}}®° + 85° in water (c, 1-2) (Found: C, 48-7; H, 6-4; OMe, 49-9. C,,H,,O, requires 
C, 48-4; H, 6-5; OMe, 50-0%). When mixed with its enantiomorph, the methy] ester lactone of 
2: 3: 56-trimethyl mucic acid [m. p. 63°, [a]}®° — 86° in water (c, 1-3) (Smith, Chem. and Ind., 
1939, 58, 363)], the m. p. rises toca. 75°. This elevation in m. p. agrees with the observation that 
the racemic mixture of the methyl ester -y-lactones of 2 : 3 : 5- and 2 : 4: 5-trimethyl mucic acid 
prepared by the action of Purdie’s reagents on the monolactone of mucic acid (Fischer, Ber., 
1891, 24, 2136) has m. p. 81° (Haworth and Smith, unpublished results). 

When the methyl ester y-lactone of 2: 4: 5-trimethyl mucic acid was treated with methyl- 
alcoholic ammonia, the corresponding diamide of 2: 4: 5-trimethyl mucic acid was produced, 
m. p. 225° (decomp.) after crystallisation from water. This amide was sparingly soluble in cold 
water and insoluble in most organic solvents (Found: C, 43-35; H, 7-4; OMe, 36-4; N, 11-0. 
C,yH,,0,N, requires C, 43-2; H, 7-3; OMe, 37-2; N, 11-2%). 

Similarly, the action of methyl-alcoholic methylamine on the methyl ester y-lactone of 
2: 4: 5-trimethyl mucic acid furnished the bismethylamide, m. p. 232° (decomp.) after crystallisa- 
tion from ethyl alcohol, [«]}" + 23° (in water, c 1-3) (Found: C, 47-6; H, 8-2; OMe, 32-2; 
N, 10-1. C,,H,,O,N, requires C, 47-5; H, 8-0; OMe, 33-4; N, 10-1%). 


The author thanks Professor W. N. Haworth, F.R.S., for his interest in this work. 
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354. LHxperiments on the Synthesis of Substances related to the 
Sterols. Part XXVIII. 


By Sir Rospert Ropinson and J. M. C. THompson. 


The tetracyclic ketones (III, R = H and R = OMe) have been synthesised by 
the keto-acid method of Robinson and Schlittler. The two ring-closures of this 
process can be brought about in one operation in certain cases. 


THE condensation of y-l-naphthylbutyryl chlorides with ethyl sodioacetylsuccinate and 
ethyl sodio-«-acetylglutarate so as to obtain eventually desirable tetracyclic ketones was 
undertaken in this laboratory as a natural extension of the long-chain keto-acid method of 
Part III (Robinson and Schlittler, J., 1935, 1288). 

In the meantime, the synthesis of x-norequilenin (Part XXII, Koebner and Robinson, 
J., 1938, 1994) from much more readily available intermediates has rendered the use of the 
above synthetic method unnecessary for some purposes. In view of this and because of the 
appearance of a series of papers by Chuang and his co-workers (Chuang, Tien, and Huang, 
Ber., 1937, 70, 858; Chuang, Huang, and Ma, Ber., 1939, 72, 713; Chuang, Ma, Tien, and 
Huang, tbid., p. 949) dealing with the same obvious development of the method of Part 
III, we now submit our results, even though the final stages have not yet been accomplished. 

y-1-Naphthylbutyric acid and its «-methyl derivative were used to test the possibilities 
in this field before the less accessible 6-methoxy-compounds were employed. The con- 
densation of y-l-naphthylbutyryl chloride with ethyl sodioacetylsuccinate and ethyl 
sodio-«-acetyglutarate gave good yields of 4-keto-7-a-naphthylheptoic acid (I, m = 2) and 
5-keto-8-a-naphthyloctoic acid (I; » = 3) respectively, but the introduction of an «-methyl 
group led only to the regeneration of all the naphthylbutyric acid used when the condens- 
ation product from y-l-naphthyl-a-methylbutyryl chilorde and ethyl sodioacetylsuccinate 
or ethyl sodio-«-acetylglutarate was hydrolysed. Chuang, Ma, Tien, and Huang (loc. cit.), 
using y-(6-methoxy-1-naphthyl)-«-methylbutyryl chloride, record a similar failure and in 
Part XVIII (Peak and Robinson, J., 1937, 1581) it was noted that nordihydrocitronellic 
acid, also containing‘an a-methy]l group, failed to yield any keto-acid on condensation of its 
chloride with ethyl sodioacetylsuccinate and hydrolysis of the product. 


CH, CO 


CH, 
ss a, Yar Yo , 
yo (II.) 
O-[CH,],°CO,H 
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Cyclisation of the methyl ester of (I, » = 3) gave B-1-naphthylethylcyclohexane-2 : 6- 
dione (II), which was dehydrated by means of phosphoric anhydride in damp benzene to 
3-keto-1 :2:3:4:5: 6-hexahydrochrysene (III, R = H), characterised as its 2 : 4-dinitro- 
phenylhydrazone. Of the cyclodehydrating agents, 90% phosphoric acid at 100°, boiling 
acetic anhydride, and phosphoric anhydride in boiling benzene, the last gave much the 
best results, but the efficiency of the process was very dependent on the degree of dampness 
of the benzene. In preliminary experiments the action of sodium ethoxide on the methyl 
ester of (I, m = 2) gave no pseudo-acidic product and dilute mineral acid precipitated syrupy 
material which could not be crystallised. This was taken as an indication of failure to 
obtain the cyclopentane-2 : 5-dione. Nevertheless the cyclodehydration of this crude 
material gave 3’-keto-3 : 4-dihydro-1 : 2-cyclopentenophenanthrene and it appears that a 
double ring-closure of the keto-acids may be brought about in this case. This view is 
supported by the fact that the double ring-closure of methyl ketonaphthyloctoate to 
(III, R = H) was also realised. For these reasons we doubt the validity of the claim of 
Chuang to have prepared a cyclopentanedione by ring-closure of a keto-ester. 
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The successful preparation of the ketone (III, R = H) led us to synthesise 3-keto-10- 
methoxy-l : 2:3: 4:5: 6-hexahydrochrysene (III, R = O-CH;) by the same route from 


CH, CO 


rd ¥ Nu, 


CH, 


CH, 
R R 


y-(6-methoxy-l-naphthyl)butyric acid. The yield in the final ring-closure was much 
better in this case, and constitutes a great improvement upon that recorded by Chuang, 
Tien, and Huang (loc. cit.). 

To synthesise x-norequilenin from (III, R = O-CH,), the ethylenic linkage would be 
saturated and the cyclohexanone ring degraded to a cyclopentanone ring. Only the first 
stage was studied; this appeared to be difficult and must probably be carried out through 
the stage of a saturated secondary alcohol which could subsequently be reoxidised to the 
saturated ketone by the reversed Pondorff method of Oppenauer. A p-nitrobenzoate of 
(IV, R= OCH, or O*C,H;) was obtained. Analysis indicated that methoxyl was 
probably replaced by ethoxy] in the course of the reaction. 

The location of the ethylenic linkage in (III, R = H or O-CH,) was not established with 
certainty, but the crimson colour of the 2 : 4-dinttrophenylhydrazones is characteristic of 
«f-unsaturated ketones. 

It is hoped that it will be possible to resume this investigation. 


EXPERIMENTAL. 

4-Keto-7-a-naphthylheptoic Acid (I, nm = 2).—A mixture of y-l-naphthylbutyric acid (20 g., 
prepared in 42% yield by malonic ester synthesis from $-1-naphthylethyl bromide), chloroform 
(100 c.c.), and pure thionyl chloride (18 c.c.) was refluxed for 2 hours, and the solvent and 
excess of thionyl chloride then evaporated. The acid chloride, dissolved.in dry ether (60 c.c.), 
was slowly added, with shaking, to a solution of ethyl sodioacetylsuccinate prepared from 
powdered sodium (2-1 g.), ester (20 g.), and dry ether (200 c.c.), cooled in a freezing mixture. The 
mixture was allowed to reach room temperature after 2 hours, kept overnight, and then refluxed 
for 10 hours. The product (35-5 g.), isolated in the usual way, was shaken with aqueous 
potassium hydroxide (1000 c.c. of 4-5%) and alcohol (200 c.c.) for 24 hours; alcohol (100 c.c.) 
was then added, and shaking continued for 36 hours. Neutral material was removed with ether, 
and hydrolysis of the acidic portion completed by heating with 2N-sodium hydroxide (200 c.c.) 
on the steam-bath for 2 hours. The isolated acidic product (13-5 g.) was methylated by means 
of diazomethane (from 15 g. of nitrosomethylurea), and the ester obtained as a pale yellow, 
viscous oil (8-3 g.), b. p. 193—198°/0-4 mm., m2" 1-5685. Saponification gave the keto-acid, 
which, crystallised from ether-light petroleum (b. p. 60—80°) and then from ether, formed 
colourless needles, m. p. 123—124° (Found: C, 75-5; H, 6-7. C,,H,,0, requires C, 75-6; 
H, 66%). The semicarbazone crystallised from aqueous alcohol as a mat of silky needles and 
sintered with decomposition at ca. 170° (Found: C, 66-4; H, 6-3. C,,H,,0O,N; requires C, 
66-1; H, 64%). , 

3'-Keto-3 : 4-dihydro-1 : 2-cyclopentenophenanthrene.—Freshly prepared alcohol-free sodium 
ethoxide (0-5 g.) was added to a solution of methyl 4-keto-7-«-naphthylheptoate (1-1 g.) in 
ether (20 c.c.). The mixture was kept at room temperature for 20 hours, then refluxed on the 
steam-bath for $ hour, cooled, and decomposed with ice and water. The aqueous layer, washed 
with some fresh ether and saturated with carbon dioxide, gave no precipitate. Dilute sulphuric 
acid was added, the precipitated gum extracted with ether and dried, and the solvent evaporated. 
The syrupy residue could not be crystallised; it was dissolved in moist benzene (120 c.c.), 
water (10 drops) added, and the solution refluxed. Phosphoric anhydride (10 g.) was gradually 
introduced into the boiling solution during 2 hours. The reaction mixture was cooled, and 
treated with ice and water. Sodium hydroxide (15 g.) was added to the aqueous layer, the 
alkaline solution extracted first with benzene and then with ether, and the extract dried and 
evaporated. The dark brown, sticky residue was dissolved in a mixture of benzene (40 c.c.) 
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and light petroleum (b. p. 60—80°) (10 c.c.), passed through a column of active alumina, and a 
fraction eluted with benzene (400 c.c.). The crystalline product obtained on removal of the 
solvent crystallised from alcohol (charcoal) in yellow scales (0-132 g.), m. p. 212—213°. Bardhan 
(J., 1936, 1848) gives m. p. 210°. The ketone formed a crimson 2: 4-dinitrophenylhydrazone. 

5-Keto-8-a-naphthyloctoic Acid (I, nm = 3).—The method of preparation was that employed 
in the case of the lower homologue. +y-1-Naphthylbutyry] chloride from 19-1 g. of the acid was 
condensed with the sodio-derivative from powdered sodium (2-1 g.) and ethyl «-acetylglutarate 
(22 g.). The product (35-5 g.) was partly hydrolysed by shaking for 50 hours with aqueous 
potassium hydroxide (750 c.c. of 45%) and alcohol (350 c.c.). After hydrolysis had been 
completed with 2N-sodium hydroxide on the steam-bath, the crude mixture of acids (18-5 g.) 
was esterified with diazomethane. Fractionation yielded 9 g. of a pale yellow, somewhat 
viscous oil, b. p. 200—205°/0-4 mm., n?" 1-5625. The keto-acid, obtained on hydrolysis, crys- 
tallised from ether-light petroleum (b. p. 60—80°) in stout prisms, m. p. 66—67° (Found : 
C, 76-0; H, 7-2. C,,H,.O; requires C, 76-1; H, 7:0%). The semicarbazone crystallised from 
ethyl alcohol in colourless plates which sintered at ca. 148° (Found: N, 12-2. C,,H,,0,N; 
requires N, 12-3%). 

B-1'-Naphthylethylcyclohexane-2 ; 6-dione (II).—Methyl 5-keto-8-a-naphthyloctoate (3 g.) in 
ether (25 c.c.) was treated with freshly prepared alcohol-free sodium ethoxide (1-2 g.) in the 
usual way. After keeping at room temperature for 24 hours, the reaction mixture was refluxed 
on the steam-bath for 30 minutes, treated with ice and water, and the alkaline aqueous layer 
washed once with ether and saturated with carbon dioxide. The fine precipitate was collected, 
washed with a little water, and crystallised from aqueous alcohol (60%), being obtained in 
colourless plates (1-7 g.), m. p. 199—200° (Found: C, 81-3; H, 6-9. C,,H,,O, requires C, 
81-2; H, 6-8%). The product gave no coloration with alcoholic ferric chloride. 

3-Keto-1 : 2: 3:4: 5: 6-hexahydrochrysene.—Phosphoric anhydride (10 g.) was gradually 
added with occasional shaking, during 2 hours, to a boiling solution of 8-1’-naphthylethyleyclo- 
hexane-2 : 6-dione (0-8 g.) in very damp benzene (150 c.c.). The reaction mixture was then 
cooled, ice and water added, and sodium hydroxide (20 g.) added to the aqueous layer. The 
benzene layer was separated, the aqueous alkaline solution extracted again with benzene, then 
twice with ether, and the combined extracts dried over sodium sulphate. On acidification of 
the alkaline aqueous layer, there was a considerable precipitation of unchanged diketone. The 
ether—benzene extract was evaporated and the brownish syrupy residue soon partly crystallised. 
It was recrystallised from alcohol (charcoal), being obtained in almost colourless leaflets, 
m. p. 154—156° (yield, 0-12 g. or 16%) (Found: C, 87-0; H, 6-5. C,,H,,O requires C, 87-1; 
H, 6-4%). 

When methyl 5-keto-8-«-naphthyloctoate (1-5 g.) was treated with phosphoric anhydride 
(15 g.) in very damp benzene (200 c.c.) under the above conditions, both ring closures occurred 
simultaneously, and from the neutral ketonic fraction of the reaction mixture the above 
ketohexahydrochrysene (0-162 g. after purification) was isolated. 

The 2: 4-dinitrophenylhydrazone crystallised from ethyl acetate in dark red prisms, 
m. p. 284° (decomp.) (Found: N, 13-2. C,,H,.O,N, requires N, 13-1%). 

Methyl 5-Keto-8-m-methoxyphenyloctoate.—y-m-Methoxyphenylbutyryl chloride and ethyl 
sodio-a-acetylglutarate were condensed in a mixture of equal parts of benzene and ether, a 
slight excess of the ester being used. Hydrolysis was effected by shaking the condensation 
product (86 g.) with a solution of potassium hydroxide (44 g.) in water (1550 c.c.) for 10 hours. 
The alkali concentration was then raised to 4% by addition of potassium hydroxide (24 g.) and 
ethyl alcohol (150 c.c.), and shaking continued for 50 hours. The product was a pale yellow, 
viscous oil, b. p. 182—188°/0-25 mm. The average yield in five successive preparations was 
41-9%, and the best yield in a single run was 43-6%. In Part IX (Robinson and Walker, J., 
1936, 747), a 25% yield was recorded. 

y-(6-Methoxy-3 : 4-dihydro-1-naphthyl)butyric Acid.—The methyl ester was obtained by the 
method of Part XV (Robinson and Walker, J., 1937, 60). The b. p. agreed with that previously 
recorded, 175—178°/0-2 mm., but not with that (157—158°/0-3 mm.) given by Chuang, Tien, 
and Huang (Ber., 1937, 70, 860). For the preparation of the acid the product of cyclodehydr- 
ation of the keto-octoate was saponified without fractionation, and the crude acid crystallised 
from light petroleum (b. p. 60—80°). It formed colourless prisms, m. p. 79°, in agreement 
with Chuang, Tien, and Huang (Joc. cit.) but not with the m. p. recorded in Part XV (loc. cit.). 
The substance described in that paper was doubtless partly dehydrogenated and the numerous 
crystallisations concentrated the naphthalene derivative. 

B-(6’- Methoxy - 1’ -naphthyl)ethylcyclohexane - 2 : 6-dione.—y-(6-Methoxy-1-naphthy]l) butyric 
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acid (8-2 g.), m. p. 149—150°, prepared in 75% yield by the dehydrogenation of the 3: 4- 
dihydro-acid with sulphur and crystallised from aqueous acetone, was converted into the acid 
chloride and condensed in the usual way in benzene solution with ethyl sodio-a-acetylglutarate 
from the ester (10 g.) and powdered sodium (0-9 g.). The condensation product (15-7 g.) was 
shaken for 24 hours with potassium hydroxide (10 g.), water (250 c.c.), and alcohol (120 c.c.). 
As there was still a considerable amount of unhydrolysed oil, the alkali concentration was raised 
to 4-2% and shaking continued for 24 hours longer. Hydrolysis was completed by treatment 
with 2n-sodium hydroxide solution for 2 hours on the steam-bath, the crude mixture of acids 
methylated with diazomethane, and the esters dried in ethereal solution. Fractionation 
yielded only 3-85 g. of a deep yellow, viscous oil, b. p. 175—220°/0-2 mm., and there was a con- 
siderable tarry residue. In subsequent preparations, the crude mixture of acids was washed 
with hot water and methylated with diazomethane, and the esters dried in ethereal solution 
and used directly in the next stage, In this way y-(6-methoxy-l-naphthyl) butyric acid (16 g.) 
and ethyl a-acetylglutarate (20 g.) gave crude methyl 5-keto-8-(6’-methoxy-1’-naphthyl)octoate 
(14-3.g.). To this crude keto-ester (7-5 g.) in ether (60 c.c.), freshly prepared alcohol-free sodium 
ethoxide (3-5 g.) was gradually added. After keeping at room temperature for 20 hours, the 
mixture was refluxed for 30 minutes, treated with ice and water, and the alkaline aqueous 
layer washed with ether and saturated with carbon dioxide. The precipitated diketone was 
taken up in much ether, and the extract dried over sodium sulphate, concentrated, and chilled ; 
the diketone then crystallised (4-4 g.). It was recrystallised from ether in a similar manner, 
colourless needles (3-5 g.), m. p. 170—172°, being obtained. Chuang, Tien, and Huang (loc. 
cit.) give m. p. 168—170°. 

3-Keto-10-methoxy-1 :2:3:4:5: 6-hexahydrochrysene (III, R = OMe).—Phosphoric 
anhydride (11 g.) was added gradually during 2 hours to a boiling solution of 8-(6’-methoxy-1'- 
naphthyl)ethylcyclohexane-2 : 6-dione (1 g.) in very damp benzene (150 c.c.); refluxing was 
continued for 30 minutes. The product was isolated as in the case of the methoxyl-free com- 
pound. The crude material crystallised from alcohol in pale yellow plates (0-46 g.), m. p. 
177—178° (Found: C, 81-8; H, 6-7. Calc. for C,,H,,0,: C, 82-0; H, 65%). From three 
successive cyclodehydrations, 3-2 g. of the diketone gave 1-615 g. of the keto-chrysene, an average 
yield of 53-8%. Chuang, Tien, and Huang (loc. cit.) recorded a 21-2% yield. The 2: 4- 
dinitrophenylhydrazone crystallised from ethyl acetate in crimson prisms, m. p. 284° (decomp.) 
(Found; N, 12-4. C,,;H,,0O,;N, requires N, 12-2%). Hydrogen was not absorbed by this 
ketone in ethyl acetate or ethyl acetate—alcohol solution in the presence of palladised strontium 
carbonate catalyst. Approximately 3 mols. of hydrogen were absorbed comparatively rapidly 
when Adams’s platinum oxide and an acetic acid solution were used. Analysis indicated that 
the main product was methoxyoctahydrochrysene, but it could not be fully purified. 

p-Nitrobenzoyl Derivative of 3-Hydroxy-10-methoxy(or ethoxy)-1:2:3:4:5:6: 15: 16- 
octahydrochrysene (IV).—Sodium (2 g.) was added gradually during 1 hour to a boiling solution 
of the above ketone (0-47 g.) in absolute alcohol (15 c.c.). Alcohol (10 c.c.) was then added, 
and refluxing continued for 2} hours. The glassy product was converted into a p-nitrobenzoate 
by treatment with p-nitrobenzoyl chloride (0-7 g.) and dry pyridine (3 c.c.) on the steam-bath 
for 3hours. After removal of basic and acidic substances, the ester was twice crystallised from 
ethyl acetate; it formed yellow leaflets, m. p. 218—219° with softening from 214° (Found : 
C, 72-6; H, 6-4; N, 3-3. C,,H,,O,N requires C, 72-4; H, 5-8; N, 3-3. C,,H,,0,N requires 
C, 72-8; H, 6-1; N, 3-2%). 


The authors are grateful to the Carnegie Trust for the Universities of Scotland for a scholar- 
ship awarded to one of them. 
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355, @-Phenylfurylethylamine and Analogous Derivatives of 
Thiophen and Pyrrole. 
By Sir RoBERT RoBINSON and W. M. Topp. 


4: 7-Diketo-7-arylheptoic acids have been converted into furan, thiophen and 
pyrrole derivatives and then by Curtius degradation into @-substituted ethylamines. 
The processes involved are illustrated by the following example : 


Lo 
p-MeO-C,H,-CO-CH:CH-¢ ne —» p-MeO-C,H,-CO-CH,°CH,‘CO €0O,H 
CH-CH CH,-CH, ee 


a a pmo ensc09 <— Het 
CH-CH HC 


The bases have been prepared in order that their physiological properties may be 
investigated. 


HISTAMINE, isolated from ergot of rye (Barger and Dale, J., 1910, 97, 2592), was shown to 
be 4(or 5)-6-aminoethyliminazole, and was synthesised by Pyman (J., 1911, 99, 668). 
On account of its remarkable physiological effects, particularly on the blood pressure and 
the uterine muscle (Dale and Laidlaw, J. Physiol., 1910, 41, 318), it was considered desir- 
able to prepare compounds possessing the ethanamine chain linked to heterocyclic rings 
other than iminazole. 

Several such bases have already been obtained, notably §-2-furylethylamine (Windaus 
and Dalmer, Ber., 1920, 53, 2306), 8-3-indolylethylamine (Ewins, J., 1911, 99, 270; Majima 
and Hoshino, Ber., 1925, 58, 2042) and §-2-thienylethylamine (Barger and Easson, J,, 
1938, 2100). 

The discovery by Kehrer and Igler (Ber., 1899, 32, 1178; 1901, 34, 1263) that fur- 
furylideneacetone and furfurylideneacetophenone are convertible into diketo-acids 
R-CO-CH,°CH,*CO-CH,°CH,°CO,H rendered accessible a series of convenient intermediates 
for the syntheses of substituted pyrryl-, furyl-, or thienyl-propionic acids. Thus 4 : 7-di- 
keto-7-phenylheptoic acid, from furfurylideneacetophenone, has been transformed by 
suitable ring closures and subsequent application of the Curtius degradation (Ber., 1894, 
27, 778) into §-2-(5-phenylfuryl)ethylamine hydrochloride and 8-2-(5-phenylthienyl)ethyl- 
amine hydrochloride in good yield, and into 8-2-(5-phenylpyrryl)ethylamine hydrochloride in 

poor yield owing to the reactivity of the pyrrole nucleus. 
Starting with p-methoxyacetophenone, 8-2-(5-p-methoxyphenylfuryl)ethylamine hydro- 
chloride and -2-(5-p-methoxyphenylthienyl)ethylamine hydrochloride have been prepared 
in a similar manner. 

Attempts to extend the work to the series from 4 : 7-diketo-octoic acid have not been 
successful, but have brought to light some points of interest mentioned in the experimental 
section, 

It was found impossible to obtain the thienyl compounds directly from the diketo- 
acids themselves, because treatment of these with phosphorus pentasulphide in benzene 
solution afforded furan derivatives. The methyl esters gave the desired results when 
treated with phosphorus pentasulphide. 

8-2-(5-Phenyltetrahydrofuryl)ethylamine hydrochloride has been prepared by catalytic 
hydrogenation of §-2-(5-phenylfuryl)ethylamine hydrochloride. 

The physiological properties of the new bases are under examination by Professor 
J. A. Gunn. 

EXPERIMENTAL. 

B-2-(5-Phenylpyrryl)propionic Acid (Kehrer and Igler, Ber,, 1902, 35, 2009).—This acid was 

best obtained by heating an intimate mixture of diketophenylheptoic acid (10 g.) and ammonium 
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acetate (50 g.) until a homogeneous brown liquid resulted. This was poured into water, and 
the product crystallised from water, forming characteristic dendritic, crystalline aggregates, 
m. p. 140—141° (yield, 87%). 

Ethyl 8-2-(5-Phenylpyrryl)propionate-——A mixture of §-2-(5-phenylpyrryl)propionic acid 
(10 g.), alcohol (100 c.c.), and concentrated sulphuric acid (4 g.) was refluxed for 4 hours. The 
product, isolated by means of ether, crystallised from methyl alcohol in small, pinkish-white 
needles, m. p. 103° (yield, 82%) (Found: N, 5-8. C,,H,,0O,N requires N, 5-8%). 

B-2-(5-Phenylpyrryl)propionhydrazide—Ethyl §-2-(5-phenylpyrryl)propionate was refluxed 
with a small excess of hydrazine hydrate for an hour. The product separated, on cooling, as 
a whitish crystalline solid. This crystallised from hot water in fine white needles, m. p. 137° 
(yield, 80%) (Found: N, 18-6. C,,H,,ON, requires N, 18-3%). 

B-2-(5-Phenylpyrryljethylamine Hydrochloride.—B-2-(5-Phenylpyrryl)propionhydrazide (7 g.) 
and sodium nitrite (4 g. in 10 c.c. of water) were covered with a layer of ether, and 2N-hydro- 
chloric acid (30 c.c.) then added with good stirring and ice-cooling. A considerable amount 
of decomposition occurred and the azide passed into the ethereal layer, which was separated 
and dried over sodium sulphate. Methyl alcohol (70 c.c.) was then added to the ethereal 
solution, and the ether removed. After refluxing for 2 hours on the steam-bath, the excess of 
methyl alcohol was removed, and the methylurethane was obtained as a sticky, reddish-brown 
oil, This was refluxed with a saturated solution of barium hydroxide in methyl alcohol (100 c.c.) 
for 36 hours. After filtration from barium carbonate, water was added, and the solution 
extracted with ether. Dry hydrogen chloride was passed into the dried ethereal solution 
with cooling in ice. The amine hydrochloride separated as a salmon-pink crystalline solid 
contaminated with oily impurity; it was collected, purified by solution in dry alcohol (charcoal) 
and reprecipitation with ether, and obtained as a faintly pink, crystalline solid, m. p. 225°. 
The yield was unsatisfactory (Found: C, 64:8; H, 6-9; N, 12-6. C,,H,,N,,HCl requires 
C, 64:7; H, 6-7; N, 12-6%). 

8-2-(5-Phenylfuryl)propionic Acid.—A mixture of 4: 7-diketo-7-phenylheptoic acid (20 g.), 
phosphoric anhydride (15 g.), and benzene (300 c.c.) was refluxed on the steam-bath for 2 hours. 
The benzene solution was then decanted, and the solvent removed, finally under reduced 
pressure. The product crystallised on cooling (yield, 88%). A sample, recrystallised from 
toluene, afforded white, elongated, hexagonal plates, m. p. 116° (Found: C, 72-6; H, 5-8. 
C,3H,,O, requires C, 72-2; H, 5-5%). 

Ethyl 8-2-(5-Phenylfuryl)propionate (A) A mixture of §-2-(5-phenylfuryl)propionic acid 
(10 g.), alcohol (120 c.c.), and concentrated sulphuric acid (4 g.) was refluxed for 4 hours. The 
ester, isolated in the usual manner, had b. p. 165—167°/2—3 mm. (yield, almost theoretical). 
A portion redistilled for analysis solidified in the ice chest; m. p. 20—21°, n° 1-5508 (Found : 
C, 73-7; H, 6-4. C,,;H,,O, requires C, 73-8; H, 6-5%). 

(B) A mixture of 4: 7-diketo-7-phenylheptoic acid (24 g.), alcohol (250 c.c.), and concen- 
trated sulphuric acid (7 c.c.) was refluxed for 4 hours, and the product worked up in the usual 
way by ether extraction. The main portion of the product (18 g.) distilled between 160° and 
190° /2—3 mm. and was the required ester, the sulphuric acid present having been sufficient to 
cause ring closure. A small fraction, b. p. 200—210°/2—3 mm., was also collected andeventually . 
solidified to a mass of needles. The substance gave an orange precipitate on treatment with 
Brady’s reagent. A sample crystallised from light petroleum (b. p. 40—60°) in white needles, 
m. p. 23—25°, and analysis showed it to be ethyl 4 : 7-diketo-7-phenylheptoate (Found : C, 68-8; 
H, 6-8. C,,H,,0, requires C, 68-7; H, 6-9%). 

6-2-(5-Phenylfuryl)propionhydrazide.—Ethyl §-2-(5-phenylfuryl)propionate (10 g.) was 
refluxed with a slight excess of hydrazine hydrate until a clear liquid was obtained. The 
product solidified, on cooling, as a white crystalline mass (yield, theoretical). The hydrazide 
crystallised from hot water in fine, white, feathery needles, m. p. 110° (Found: N, 12:1. 
C,3H,,0,N, requires N, 12-2%). 

Methyl 8-2-(5-Phenylfuryl)ethylcarbamate.—f-2-(5-Phenylfuryl)propionhydrazide (10 g.), 
once crystallised, was covered with concentrated hydrochloric acid and a layer of ether. An 
aqueous solution of sodium nitrite (6 g.) was added with rapid stirring and ice-cooling; the 
azide passed into the ethereal layer, which was separated and dried. Methyl alcohol (100 c.c.) 
was added, the ether removed, and the solution refluxed for 2 hours. The methyl alcohol was 
distilled, finally under diminished pressure; the brown oily residue solidified on cooling (yield, 
80—90%). The urethane crystallised from light petroleum (b. p. 60—80°) in white feathery 
aggregates, m. p. 59—60° (Found: N, 6-0. C,,H,,0O,N requires N, 5-7%). 

B-2-(5-Phenylfuryl)ethylamine Hydrochlovide—The above urethane was refluxed with a 
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saturated solution of methyl-alcoholic barium hydroxide (150 c.c.) for 24 hours. The product 
was worked up as described for the pyrryl base and the hydrochloride was obtained from the 
ethereal solution as a white crystalline solid (yield, 50—60%). The salt crystallised from 
chloroform in fine white plates with a nacreous lustre, m. p. 205—206°, easily soluble in water 
and hot alcohol and insoluble in acetone (Found: C, 64-4; H, 6-1; N, 6-2. C,,H,,ON,HCl 
requires C, 64-4; H, 6-3; N, 6-3%). Aqueous sodium hydroxide liberated the free base as an 
oil. 

The orange-yellow picrate, crystallised from alcohol, had m. p. 200° (Found: ‘N, 13-7. 
C,,H,,ON,C,H,O,N, requires N, 13-56%). The benzoyl derivative crystallised from aqueous 
alcohol in fine white needles, m. p. 121° (Found: N, 4-8. C,,H,,O,N requires N, 48%), and 
the acetyl derivative in white, diamond-shaped plates, m. p. 72° (Found: N, 6-2. C,,H,,O,N 
requires N, 6-1%). 

Methyl 4: 71-Diketo-7-phenylheptoate.—Powdered diketophenylheptoic acid (20 g.) was 
covered with ether, cooled in ice, and treated with a slight excess of the calculated quantity 
of diazomethane (from 25—30 g. of nitrosomethylurea) in ethereal solution. After the brisk 
evolution of nitrogen ceased, the solution was kept for an hour at room temperature. It was 
then shaken with dilute hydrochloric acid to remove the excess of diazomethane, and with 
aqueous sodium carbonate to remove any unchanged acid. The ethereal solution was dried 
over sodium sulphate, the ether removed, and the oily product distilled as a light yellow oil, 
b. p. 194—198°/2 mm. The ester eventually crystallised in four-sided plates, m. p. 41° (yield, 
88%). A fraction for analysis had b. p. 197°/2 mm., n?° 1-5180 (Found: C, 67-8; H, 6-4. 
C,,H,,0, requires C, 67-8; H, 6-4%). 

Methyl 8-2-(5-Phenylthienyl)propionate.——An intimate mixture of methyl diketophenyl- 
heptoate (10 g.) and phosphorus pentasulphide (10 g.) was heated to 95° and stirred until 
evolution of hydrogen sulphide had ceased (about 1 hour). The product, a thick brown syrup, 
solidified after a few hours. The whole was extracted with ether, the filtered solution shaken 
with aqueous sodium carbonate and dried, and the ether removed; the residue solidified on 
cooling. It crystallised from a small amount of alcohol (charcoal) in white plates with a 
nacreous lustre, m. p. 75° (yield of crude ester, ca. 50%) (Found: C, 65-8; H, 5-7; S, 12-4. 
C,,H,,0,S,0-5H,O requires C, 65-9; H, 5-5; S, 12-5%). 

8-2-(5-Phenylthienyl)propionic Acid.—The methyl ester was hydrolysed for 2 hours with 
boiling aqueous sodium hydroxide, and the solution cooled and acidified. The product crystal- 
lised from benzene in white plates, m. p. 148° (Found: C, 64:3; H, 5-1. C,3;H,,0,S,0-5H,O 
requires C, 64:7; H, 5-3%). 

B-2-(5-Phenylthienyl)propionhydrazide, prepared from the corresponding methyl ester in the 
usual way (yield, theoretical), crystallised from alcohol in long, white prisms, m. p. 151° (Found : 
N, 11-5. C,3;H,,ON,S requires N, 11-4%). 

Methyl 8-2-(5-phenylthienyl)ethylcarbamate, obtained from the hydrazide in a manner exactly 
analogous to that already described for the furanoid urethane, separated from light petroleum 
(b. p. 100—120°) in white crystals, m. p. 100° (Found: N, 5-3. C,,H,,O,NS requires N, 5-4%). 

B-2-(5-Phenylthienyl)ethylamine Hydvochloride.—Unlike the salts already described, this 
compound could be obtained from the urethane by prolonged hydrolysis with concentrated 
hydrochloric acid. It was more convenient, however, to adopt the method of hydrolysis by 
methyl-alcoholic baryta previously described. The hydrochloride crystallised from alcohol in 
white, rhombic plates with a nacreous lustre, m. p. 266° with previous softening (yield from 
the urethane, 50—60%) (Found: C, 60-4; H, 5-7; N, 6-2. C,,H,,;NS,HCl requires C, 60-1; 
H, 5-9; N, 5-9%). 

The picrate crystallised from alcohol in scarlet rods, m. p. 217° (Found: N, 12-6. 
C,,H,,;NS,C,H,O,N, requires N, 12-9%). The benzoyl derivative had m. p. 141° (Found: 
N, 4:8. C,,H,,ONS requires N, 4:6%), and the acetyl derivative m. p. 128° (Found: N, 5:7. 
C,,H,,ONS requires N, 5-7%), both crystallised from aqueous alcohol. 

Furfurylidene-p-methoxyacetophenone.—A mixture of freshly distilled furfuraldehyde (42 g.) 
and p-methoxyacetophenone (64 g.) was added to methyl-alcoholic sodium methoxide (100 c.c. 
of 1%) with shaking and cooling in ice-water and was then kept for 2—3 hours at room tem- 
perature. The crystalline product induced to separate by seeding or scratching (yield, dry, 
80—90%) formed straw-yellow needles, m. p. 79°, from light petroleum (b. p. 60—80°) (Found : 
C, 73-7; H, 5-3. C,,H,,0, requires C, 73-7; H, 5-3%). 

4 : 7-Diketo-7-p-methoxyphenylheptoic Acid.—Furfurylidene-p-methoxyacetophenone (150 g.) 
was treated with hot alcoholic hydrochloric acid as described for furfurylideneacetophenone by 
Kehrer and Igler (loc. cit.). The acid crystallised in long, straw-yellow needles (yield, 50—55%). 
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A sample recrystallised from hot water formed white needles, m. p. 119° (Found: C, 63-6; 
H, 5:9. C,,H,,O, requires C, 63-7; H, 6-1%). 

B-2-(5-p-Methoxyphenylpyrryl)propionic Acid.—This was prepared analogously to §-2-(5- 
phenylpyrryl)propionic acid; the yield was 80%. Some difficulty was experienced in pre- 
paring an analytically pure sample, but this was eventually accomplished by esterification of 
the crude acid and hydrolysis of the purified derivative. The acid crystallised from dilute 
acetic acid in plates, m. p. 170—171° (Found: C, 68-5; H, 6-1; N, 6-1. C,,H,,0,N requires 
C, 68-6; H, 6-1; N, 57%). 

The acid was esterified by means of boiling 5% alcoholic sulphuric acid. Ethyl B-2-(5-p- 
methoxyphenylpyrryl) propionate, obtained in excellent yield, solidified to a mass of needles and 
crystallised from a small amount of methyl alcohol in hexagonal prismatic needles, m, p. 103° 
(Found: C, 69-9; H, 7-0; N, 5-4. C,,sH,,O,N requires C, 70-2; H, 7-0; N, 5-2%). 

8-2-(5-p-Methoxyphenylpyrryl)propionhydrazide, obtained from the ester in the usual way, 
in theoretical yield, separated from hot water in white crystals, m. p. 169° (Found: N, 16-2. 
C,,H,,O0,N, requires N, 16-2%). Attempts to convert this hydrazide into the azide and thence 
into the urethane and amine were unsuccessful owing to profound decomposition in the first 
stage of the process. 

8-2-(5-p-Methoxyphenylfuryl) propionic Acid.—A mixture of 4 : 7-diketo-7-p-methoxypheny]- 
heptoic acid (20 g.), phosphoric anhydride (15 g.), and benzene (300 c.c.) was refluxed for 2 hours 
on the steam-bath. The product, obtained by decanting and then removing the benzene 
under reduced pressure, formed a crystalline mass (yield, 70—-75%). The acid crystallised 
from benzene in long, colourless, hexagonal plates, m. p. 141° (Found: C, 68-3; H, 5-6. 
C,,H,,O, requires C, 68:3; H, 57%). 

The ethyl ester, prepared in the usual way, crystallised from aqueous methyl alcohol in 
small, white, feathery needles, b. p. 189—195°/2 mm., m. p. 52° (Found: C, 70:2; H, 6-2. 
C,,H,,O, requires C, 70-1; H, 6-5%). Yield, 80—90%. 

The hydrazide crystallised from hot water in white needles, m. p. 136° (Found: N, 11:1. 
C,,H,,0,N, requires N, 10-8%). 

Methyl B-2-(5-p-Methoxyphenylfuryl)ethylcarbamate.—This was prepared like the phenylfury] 
analogue. The thick brown oil decomposed on attempted distillation; it partly solidified and 
was purified with some difficulty by crystallisation, first from light petroleum (b. p. 100—120°) 
and then from light petroleum (b. p. 60—80°). The substance was obtained in white, feathery 
clusters, m. p. 89° (Found: N, 54. C,,;H,,0,N requires N, 5-1%). 

8-2-(5-p-Methoxyphenylfuryljethylamine Hydrochloride——The pure urethane was refluxed 
with an excess of saturated methyl-alcoholic barium hydroxide for 24 hours and the Aydro- 
chloride was isolated as previously described, but in this case the yield was unsatisfactory. 
The salt crystallised from alcohol in white, nacreous plates, m. p. 240° (Found: C, 61-7; H, 6-4. 
C,,;H,,0,N,HCI requires C, 61-5; H, 6-3%). 

Methyl 4 : 7-Diketo-1-p-methoxyphenylheptoate.—4 : 7-Diketo-7-p-methoxyphenylheptoic acid 
(15 g.) was treated with an etheral solution of diazomethane (5—6 g.) with ice-cooling. The 
product was distilled, b. p. 200—220°/2 mm. (yield, 90%). The light yellow oil solidified in 
long, white needles, m. p. 48°. A portion was redistilled for analysis, b. p. 248°/3 mm. (Found : 
C, 64:8; H, 6-4. C,,H,,0O, requires C, 64-7; H, 6-5%). 

Methyl 8-2-(5-p-Methoxyphenylthienyl) propionate.—An intimate mixture of methyl 4 : 7-di- 
keto-7-p-methoxyphenylheptoate (10 g.) and phosphorus pentasulphide (10 g.) was heated 
to 90—100° and stirred (ca. 1 hour) until no more hydrogen sulphide-was evolved. The dark 
brown product, which crystallised on keeping, was extracted with hot ethyl acetate, and the 
solvent removed from the filtered solution, finally under reduced pressure; the cooled residue 
was a crystalline mass (yield, 50—60%). The ester crystallised from alcohol in white plates, 
m. p. 94° (Found: C, 65-5; H, 5-6. C,,H,,0,S requires C, 65:2; H, 5-8%). 

8-2-(5-p-Methoxyphenylthienyl)propionic Acid.—The methyl ester was hydrolysed by 
refluxing with an excess of aqueous sodium hydroxide for 2 hours. The acid crystallised from 
benzene in white, glistening plates, m. p. 178° (Found: C, 64-5; H, 5-8. C,,H,,0,S requires 
C, 64-2; H, 54%). 

B-2-(5-p-Methoxyphenylthienyl)propionhydrazide, prepared from the methy] ester in theoretical 
yield, crystallised from alcohol, in which it was sparingly soluble, in clusters of white, rhombic 
plates, m. p. 165° (Found: N, 10-1. (C4gH y,0,N,S requires N, 10-0%). 

Methyl 8-2-(5-p-metharyphenylthienyl)ethylcarbamate, obtained as usual, separated from 
light petroleum (b. p. 100—120°) as a light yellow powder, m. p. 112° (yield, 80%) (Found : 
N, 5-0. C,sH,,O,NS requires N, 4-8%). 
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B-2-(5-p-Methoxyphenylthienyl)ethylamine Hydrochloride.—Hydrolysis of the urethane could 
be effected either by means of concentrated hydrochloric acid or by boiling alcoholic baryta 
during 24 hours. The latter method proved the more satisfactory, although it only gave 
good results when the pure urethane was used. The hydrochloride crystallised from alcohol in 
white plates with a characteristic nacreous lustre, m. p. 283° (yield, 60%) (Found: C, 57-8; 
H, 5°8; N, 5-5, C,3sH,,ONS,HCI requires C, 57-9; H, 5-9; N, 5:2%), easily soluble in hot 
water and very sparingly soluble in acetone. 

The acetyl derivative separated from dilute acetic acid in white crystals, m. p. 145° (Found : 
N, 4:8. C,;H,,0O,NS requires N, 5-1%). 

4: 7-Diketo-octoic Acid (Kehrer and Igler, Ber., 1899, 32, 1176).—This was prepared, not as 
described, but in a manner exactly analogous to that used in the preparation of diketophenyl- 
heptoic acid. As the acid did not separate completely from water, the solution was con- 
centrated to a small volume. The crude acid so obtained was purified by solution in benzene, 
decantation from an insoluble residue, and precipitation with light petroleum (b. p. 60—80°). 
The light yellow solid was freed from hydrogen chloride by gentle warming in a current of air 
(yield, 20—25%). The acid crystallised from ether in white, hexagonal plates, m. p, 75°. 

B-2-(5-Methylfuryl)propionic Acid.—A mixture of 4 : 7-diketo-octoic acid (20 g.), phosphoric 
anhydride (15 g.), and benzene (300 c.c.) was refluxed for 2 hours. The benzene solution was 
decanted, and the benzene removed; the residue solidified (yield, 50%), and crystallised from 
hot water in white needles, m. p. 54—55° (Found: C, 61-9; H, 6-5. C,gH,,O, requires C, 62-3; 
H, 6-5%). 

Ethyl B-2-(5-Methylfuryl)propionate.—A mixture of B-2-(5-methylfuryl)propionic acid (10 g.), 
alcohol (120 c,c.), and concentrated sulphuric acid (5 g.) was refluxed for 4 hours. On dis- 
tillation of the isolated product two fractions were collected : (1) b. p. 97°/2—3 mm., m3! 1-457 
(Found: C, 63-6; H, 7-5. Calc. for C,.H,,0,: C, 65-9; H, 7:7%); (2) b. p. 136°/2—3 mm., 
nv’ 1-445 (75% of the product) (Found: C, 60-0; H, 8-0. Calc. for C,,H,,0,: C, 60-0; H, 
80%). The lower fraction was obviously an impure sample of the desired ester, but the 
esterification conditions evidently caused the furyl ring to open, yielding the diketo-ester. 
This was in contrast to the esterification of 4: 7-diketo-7-phenylheptoic acid, where such 
conditions gave, largely, a ring-closed product. ? 

When 4 : 7-diketo-octoic acid itself was esterified by refluxing with 5% alcoholic sulphuric 
acid, a mixture of diketo-ester and furyl ester was again obtained, the diketo-ester, however, 
predominating. Wichterle (Coll. Czech. Chem. Comm., 1939, 11, 171) has made similar observ- 
ations on the esterification of 4 : 7-diketo-octoic acid, 

Methyl 8-2-(5-Methylfuryl)propionate.—In view of the mixed products obtained by the 
usual esterification methods, diazomethane was employed in this preparation. (-2-(5-Methyl- 
furyl)propionic acid (10 g.) was covered with ether and treated with diazomethane (from 15 g. 
of nitrosomethylurea) in ether at 0°. The product (7-8 g.) had b. p. 83°/2—3 mm., n}” 1-465 
(Found ; C, 64-1; H, 7-2. C,H,,0, requires C, 64-3; H, 7:2%). 

Methyl 4 : '7-diketo-octoate, prepared from the acid by the action of diazomethane in ethereal 
solution, had b. p. 145°/5 mm., (redistilled) b. p. 140°/4 mm., nj 1-4458 (Found: C, 57-8; 
H, 7:8. C,H,,O, requires C, 58-1; H, 7-5%). 

§-2-(5-Phenyltetrahydrofuryl)ethylamine Hydrochloride.—A mixture of §-2-(5-phenylfuryl)- 
ethylamine hydrochloride (1 g.), dissolved in the minimum quantity of alcohol, and palladised 
charcoal (17 c.c. of a 10% alcoholic suspension) was gently heated and shaken in an atmo- 
sphere of hydrogen. After 6-7 hours the required volume of hydrogen (200 c.c,) was absorbed. 
The filtered solution was concentrated and the separated solid was crystallised by dissolution 
in alcohol and precipitation with ether. The white crystals had m. p. 122° (Found: C, 63-0; 
H, 8-3. C,,H,,ON,HCI requires C, 63-3; H, 7:9%). This salt, obtained in good yield, is 
freely soluble in water. 


The authors thank the Carnegie Trust for the Universities of Scotland for a scholarship 
awarded to one of them (W. M. T.). 
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356. The Mechanism of the Hydrolysis of «y-Dimethylallyl Chloride. 
By C. L. Arcus and J. W. Situ. 


The hydrolysis of «y-dimethylallyl chloride in aqueous acetone has been followed by 
a conductometric method, and shown to follow a unimolecular law, in accord with the 
mechanism deduced from stereochemical observations. The apparent incompleteness 
of the reaction in the conductivity cell employed is attributed to adsorption of the 
wy-dimethylallyl chloride on the platinum-blacked electrodes. 


In a recent study of replacement reactions in allyl er partys (Arcus and Kenyon, J., 
1938, 1912) it was found that the hydrolysis of (—)-A?-8-chloroheptene (y-methyl-a-n- 


propylallyl chloride) is accompanied by great loss of optical purity and that a mixture of 
isomeric heptenols results. From these observations it was considered that the reaction 
proceeds by a unimolecular mechanism, in which the rate is controlled by the slow primary 
dissociation into a solvated carbonium kation : 

ce 


CHMe:CH-CHPrCl —» CHMe-CH-CHPr@ + Cle 








CHMe-CH-CHPr* + H,0 —> H® + CHve(oH)-CH.CHPr 


The hydrolysis of (—)-«y-dimethylallyl chloride has a similar ‘stereochemical result 
(Hills, Kenyon, and Phillips, J., 1936, 576) and a similar mechanism should apply. 

The rate of hydrolysis of dl-wy-dimethylallyl chloride in aqueous acetone (75% by vol.) 
at 0° has now been studied. This compound was selected in preference to Aé--chloro- 
heptene because its symmetrical substitution precludes the formation of an isomeride 
during its preparation from the corresponding alcohol. The velocity of the reaction proved 
too great to permit determination of the liberated hydrogen chloride by withdrawal of 
portions of the solution and titration with alkali or silver solutions. Accordingly, the 
conductivity of the solution during the process of hydrolysis was determined at suitable 
intervals, and the corresponding concentrations of hydrogen chloride were deduced by 
reference to the conductivities of known solutions of hydrogen chloride in the same solvent. 
(A similar method has been applied to the alcoholyses of substituted triphenylmethyl 
chlorides by Nixon and Branch, J. Amer. Chem. Soc., 1936, 58, 492.) 


Experiment 1. Experiment 2. 
Wt. of ay-dimethylallyl chloride, 0-350 g. Wt. of ay-dimethylallyl chloride, 0-341 g. 
k x 104 k x 104 k Xx 104 k x 104 
t (calc. from (calc. from t (calc. from (calc. from 
(mins.). [HC]). t#=0). #¢= 33 mins.). (mins.). (HCI). #=0). #¢= 32 mins.). 

0-0006 0-00048 
0-0012 0-00108 
0-00175 ° 0-00173 
0-0025 0-00226 
0-00365 0-00348 
0-00452 ° 0-0044 
0-00553 ° 0-0053 
0-0088 0-00733 
0-00973 0-00995 
0-01115 ° 0-0113 
0-01235 - . ° 0-01282 
0-01482 0-0137 

262 0-01618 56-5 0-01545 

298 0-0170 . 56 0-01655 

325 0-0175 55-5 0-0170 55-5 

1 day 0-0209 3days 0-02028 

Final concn. of HCl by titration = 0-02105 = Final concn. of HCl by titration = 0-0205 = 
93% of theoretical. 93% of theoretical. 


The hydrolysis of our sample of «y-dimethylallyl chloride by the above solvent in 
glass vessels yielded 98% of the theoretical amount of hydrogen chloride, and the reverse 
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reaction between «y-dimethylallyl alcohol and hydrogen chloride could not be detected at 
the concentrations used. It was found, on the other hand, that the hydrolysis in the con- 
ductivity cell proceeded to the extent of only 93%. This difference is ascribed to adsorption 
of «y-dimethylallyl chloride on the. platinum-black coated electrodes. The final concen- 
tration of hydrogen chloride was employed for the calculation of the first-order velocity 
constants given in the table. Concentrations of hydrogen chloride are given as the 
normality at 0°. 

It is evident that the reaction is substantially of the first order, in agreement with the 
unimolecular mechanism deduced from the stereochemical result. 


EXPERIMENTAL. 


dl-«y-Dimethylallyl chloride was prepared by slow addition of a mixture of d/-wy-dimethyl- 
allyl alcohol (25 g.) and pyridine (5 g.) to phosphorus trichloride (15 g.) cooled in ice—acetone. 
After standing at room temperature for 1-5 hours, the upper layer was decanted and redistilled. 
It had b. p. 68°/270 mm. [Found, by saponification with alcoholic potassium hydroxide: M, 
(i) 106-2, (ii) 106-2. Calc.: M, 104-6). 

Acetone was purified via its sodium iodide compound (Shipsey and Werner, J., 1913, 103, 
1255), dried with calcium chloride, and redistilled. The solvent used was prepared by adding 
distilled water (1 vol.) to acetone (3 vols.) at 22°; it had no measurable conductivity; 75 c.c. 
of acetone and 25 c.c. of water, both at 22°, yielded 97-3 c.c. of solvent at 22° and 94-5 c.c. at 0°. 

The conductivities of the solutions were measured with the apparatus described by Rig- 
hellato and Davies (Tvans. Faraday Soc., 1933, 29, 429), in which the bridge reading is directly 
proportional to conductivity. (This method permitted determination of minima to + 1 unit, 
corresponding to -+ 0-00002N-HCl.) The conductivity cell comprised a wide-mouthed glass 
bottle of about 250 c.c. capacity into which dipped a pair of parallel platinum disc electrodes 
mounted on a rigid glass framework passing through the stopper of the bottle. The electrodes, 
about 4 sq. cm. in area and 1 cm. apart, were coated with platinum black. A further tube 
passing through the stopper of the bottle, normally kept closed, served for the introduction and 
removal of solution. 

The solvent (150 c.c.) and conductvity cell were cooled to 0° in a well-stirred bath of ice and 
water. About 100 c.c. of the solvent were decanted into the cell, and di-«y-dimethylallyl 
chloride was added rapidly from a weighing bottle fitted with a teat-pipette; the remainder of 
the solvent was added with agitation of the cell. Thereafter the conductivity of the solution 
was measured at suitable intervals, the apparatus being maintained at 0° throughout. Finally, 
the cell and its contents were kept overnight at room temperature, cooled to 0°, and the con- 
ductivity redetermined. Portions of the solution were then titrated with sodium hydroxide. 

0-1158, 0-1178, and 0-0995 G. of dl-«y-dimethylallyl chloride were added to 50 c.c. portions 
of the solvent, the hydrolyses were allowed to proceed at room temperature for 1, 3, and 3 days, 
respectively, in closed flasks, and the hydrogen chloride liberated was titrated with sodium 
hydroxide; the concentrations found were 97-4, 98-2, and 97-4% of the theoretical. 

To test for the occurrence of a back-reaction, the conductivity at 0° of a solution of hydrogen 
chloride in the same solvent (0-0198N at 0°) was measured ; d/-xy-dimethylallyl alcohol (0-488 g.) 
was then added to 159 c.c. of the solution. The conductivity at 0° remained unaltered during 
3 days. 

For purposes of calibration, 150 c.c. of a solution of hydrogen chloride in the same solvent 
(0-0203n at 0°), measured at 0°, were placed in the cell, and the conductivity at 0° determined. 
Then 50 c.c. were withdrawn and replaced by 50 c.c. of solvent, measured at 0°, and the con- 
ductivity redetermined. This was repeated twice. The measurements were duplicated, 
the maximum difference between corresponding readings from the two experiments being 0-5%, 
and the bridge-readings plotted against concentrations of hydrogen chloride at 0°. 


Thanks are expressed to the Government Grants Committee of the Royal Society and to 
Imperial Chemical Industries Ltd. for grants. 
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357. The Relative Effect of Inhibitants on Adsorption and on 
Catalytic Activity. Part II. 


By Epwarp B. MAxTEep and HERBERT C. EvANs. 


The effect of a catalyst poison on the velocity of adsorption of hydrogen by a hydro- 
genation catalyst, on the one hand, and on its activity for catalytic hydrogenation, on 
the other, has been found to be very similar throughout the whole of the poisoning 
graph. The correspondence found in Part I for early stages of poisoning thus extends 
also to later stages. 


In certain respects, the adsorption of hydrogen by metals such as platinum resembles 
ordinary catalytic reactions catalysed by the metal; for instance, the velocity of the 
adsorption of this gas is retarded by catalyst poisons in a very similar way to the inhibition 
of the velocity of catalytic hydrogenation. From this standpoint—in that both the 
chemisorptive addition of hydrogen to platinum and the activation of hydrogen for 
addition to an external reactant seem to be dependent on contact with active metal— 
this union of hydrogen with platinum may perhaps be viewed as a special and particularly 
simple type of catalytic process in which the platinum is not only the catalyst but also 
the ultimate acceptor of the hydrogen. This process also occurs as the first stage in the 
general activation of hydrogen for hydrogenation, in which it is however followed by 
a further stage in which the hydrogen is passed on to a third body. 

In Part I (J., 1938, 1228) the action of a poison on the adsorptive velocity has been 
compared with its action on the velocity of an ordinary hydrogenation reaction catalysed 
by the same platinum; and it has been found that the slope of the catalytic-poisoning 
graph, in which the activity is plotted against the poison content, is, for not too advanced 
stages of poisoning, of the same order as the corresponding part of the graph representing 
the fall, with increasing poison content, in the velocity of adsorption of hydrogen during 
early stages of adsorption. It has now been considered of interest to extend this work ; 


and the present results indicate the close general similarity of the complete poisoning 
graphs for adsorption velocity and catalytic activity, 7.e., the correspondence found in 
Part I for early stages of poisoning also holds for later stages. 


EXPERIMENTAL. 


The general technique and method of calculation have already been described in Part I, 
which should be read in conjunction with the present paper; and, as before, hydrogen sulphide 
was used as the poison. 

General Kinetics of the Adsorption.—Before dealing with the variation of the adsorption 
velocity with the poison content of the platinum, we give a single long run in detail in order 
to show the course of the adsorption process. The general course is of the same type both 
with unpoisoned and with partially poisoned platinum; and, in the example given, the adsorp- 
tion of hydrogen, at 0° and at atmospheric pressure, by 16-2 g. of platinum black at an early 
stage of poisoning (0-075 c.c. of hydrogen sulphide per g. of Pt) was followed for about 1600 
mins., the results being summarised in Table I.. 


TABLE I. 


Time, Adsorption, in c.c. of H, Time, Adsorption, in c.c. of H, 

mins. at N.T.P., per g. of Pt. dr0- mins. at N.T.P., per g. of Pt. r0- 
0-925 —0-381 5 0-995 — 0-325 
0-937 —0-371 74 1-002 — 0-320 
0-944 — 0-366 10 1-007 — 0-316 
0-952 —0-359 15 1-015 —0-309 
0-955 — 0-357 20 1-021 — 0-305 
0-962 —0-351 30 1-029 — 0-298 
0-967 — 0-347 45 1-035 —0-294 
0-970 — 0-345 60 1-040 — 0-290 
0-974 — 0-342 90 1-048 — 0-283 
0-980 — 0-337 700 1-097 — 0-244 
0-984 — 0-334 1575 1-108 — 0-235 
0-990 — 0-329 
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In plotting the adsorption, it is convenient to use functions of the volume and time which 
lead to a linear graph in place of a curve; and, as before, the function ¢ = log{log a/(a — *)}, 
which gives a linear plot against log ¢, has been employed. This expression is the logarithmic 
form of Bangham and Sever’s equation (Phil. Mag., 1925, 49, 938) : 

log a/(a — x) = ki* 
or logf{log a/(a — *)} = log k + u log ¢ 
in which # is the volume adsorbed after time #, and a is the saturation value (about 1500 c. mm, 
of hydrogen, at N.T.P., per g. of Pt). On plotting ¢ against log #, Fig. 1 is obtained. 
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It will be seen that this is of a flexed linear type, the linear relationship between the time 
and volume functions being continued, after the break point, with a slightly different slope. 
In earlier work, this second process was found to be still taking place, without deviation from 
a linear course; even after several months. The general form of the graph suggests either 
the presence, in the early stages, of disturbing factors, or, alternatively, the real presence of 
a distinct initial adsorption process which takes place either prior to or concurrently with 
the main process of adsorption and, in the example given, comes to an end after about 4 minutes, 
This point is discussed on p. 1753. 

From the values of ¢ and the slope of the ¢—log ¢ graphs, the product, wk, which constitutes 
a convenient velocity constant (see Part I, pp. 1230, 1231) for processes following the above 
equation, may be obtained. In comparing adsorption velocities, it is unnecessary to use 
natural logarithms, which the derivation of the original differential equation presupposes, 
since, although ¢, and ¢,9 are connected by an addition constant, ¢, = 0-8340 +- 2-3026¢4o, 
yet this addition constant disappears in the derivation of k and of », and the ratio of two 
values of & is not affected by the logarithmic scale used. 

Relative Depression of Adsorption Velocity and of Catalytic Activity —Parallel measurements, 
in which the same stock of platinum black was, as-before, poisoned by hydrogen sulphide, 
were made of the effect of this poison on the adsorption velocity, on the one hand, and on 
the catalytic activity—measured by the rate of hydrogenation of crotonic acid—on the other. 
In the adsorption measurements, about 17 g. of the platinum were sealed and progressively 





% 
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poisoned in the apparatus previously described, the velocity of the adsorption of hydrogen 
being measured at each stage of poisoning; but, in this series, in order to avoid the necessity 
for opening the adsorption bulb for the removal of samples at the various stages, the poisoning 
coefficient for the catalytic activity was determined in the ordinary way with a further portion 
of the same platinum black. The results of the adsorption-rate measurements are summarised 
in Table II, in which », and k,, and , and k,, refer respectively to the adsorption rates before 
and after the point of inflexion (see Fig. 1). The poison content of the catalyst is given in c.c. 
of hydrogen sulphide, at N.T.P., per g. of platinum. 


TABLE II. 
Adsorption Rates. 


Hydrogen sulphide content. Adsorption velocity. 

Increment Volume Total poison Relative Relative 
added. adsorbed. content. Nk. velocity. Nghe. velocity. 
0-0 0-0 0-0 0-0231 100 0-0132 100 
0-0749 0-0749 0-0749 0-0172 74-0 0-0112 84-8 
0-1140 0-1140 0-1889 0-0139 60-2 0-0087 65-8 
0-1173 0-1173 0-3062 0-0109 47-0 0-0083 62-8 
0-1417 0-1417 0-4479 0-0091 39-4 0-0064 48-5 
0-1621 0-1616 0-6095 0-0074 32-1 0-0055 41-6 
0-1670 0-1667 0-7762 0-0059 25-6 0-0051 38-6 
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It will be seen that, up to the end of the poisoning range studied, nearly all the added poison 
is adsorbed; but the addition of quantities of hydrogen sulphide beyond this range intro- 
duced the complication of incomplete adsorption, as was shown by residual pressure in the 
McLeod gauge. 

The corresponding depression in the catalytic activity, for the hydrogenation of crotonic 
acid under standard.conditions, is given in Table III. 

The comparison of the two poisoning effects, namely, on the adsorption velocity and on 
the catalytic activity, is given in Fig. 2. It will be noted that the general characteristics of 
the ordinary catalytic poisoning graph— including the inflected linear form—are reproduced 
in the adsorption graphs whether these are based on adsorption velocities during the initial 
period or in the time subsequent to this; and the rate of fall, with increasing poison content, 
is very similar in all three graphs. Actually, the catalytic graph corresponds more nearly 
with that involving adsorption velocities after the preliminary period; but, strictly, a slight 
correction for the small percentage of hydrogen sulphide not on the catalytic surface (i.e., 
in the free liquid phase) in the hydrogenation reaction should be applied to the catalytic graph, 
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TaBLe III. 
Catalytic Activity. 
Hydrogen sulphide content. Activity of platinum. 
Mg. per 0-05 g. Pt. C.c., at N.T.P., per g. of Pt. ‘ Relative activity. 

0-0 0-0 : 100 
0-0080 0-1055 ° 82-3 
0-0160 0-211 . 65-6 
0-0192 0-253 56-7 
0-0240 0-316 . 53-4 
0-0402 0-530 , 43-4 
0-0805 1-060 2: 25-6 


which would move it slightly to the left (see J., 1938, 2073, Fig. 1, for the order of magnitude 
of the correction with strong poisons). However, the degree of agreement of all the graphs 
in Fig. 2 of the present paper is sufficient to indicate the close similarity of the action of the 
poison both on adsorption and on catalytic activity. 


DISCUSSION. 


Form of the Adsorption-Time Graphs.—The adsorption of hydrogen on metals such as 
platinum is usually regarded—apart from components of van der Waals type, which 
are mainly operative at low temperatures—as consisting of a relatively rapid process, 
accompanied or followed by a slower one which has been attributed to non-surface factors 
such as the penetration of the gas into the interior of the metal. The presence, and the 
termination after a short time, of an initial adsorption phase or other initial factor is 
apparently also supported by the general form of the adsorption-time graphs (see Fig. 1) 
when time and volume are expressed as functions which give a linear plot between these 
quantities, the termination of the first phase being indicated by the change of slope. 

, Although the ending of the first phase after a short time seems clear, two alternative 
possibilities exist for the start of the process or processes represented by the subsequent 
slope, in that this process may either begin only after the termination of the first phase 
or actually start, like the first phase, at zero time, these processes being thus either con- 
secutive or concurrent. In the latter case, the first slope of the graph would be com- 
posite and would represent a velocity-sum, the kinetic form of the components being 
related sufficiently for their summation also to lead to the observed linear plot. On the 
whole, the start also of the long-term adsorption process or processes from the beginning 
seems probable, since a linear plot for the secondary process alone is not obtained if observ- 
ations of time and of volume adsorbed are begun from the time and volume corresponding 
with the break in the graph (which represents the commencement of any subsequent 
process, contrasted with a previously existing or concurrent one), whereas, as will be 
seen from the figure, a linear graph results also at advanced stages of adsorption if the 
time and volume are measured from the beginning of the total adsorption. 

It should be noted, finally, that while the occurrence, in the early stages, either of a 
distinct short-term adsorption process or of initial disturbing factors is undoubtedly 
indicated, too much weight should not be laid on the form of the graph as confirmation, 
in itself, of distinct initial higher-velocity adsorption, since the transient disturbing factor 
may, for instance, be due to thermal contraction following an initial expansion caused 
by the almost immediate development of adsorption heat on contact of the hydrogen 
with the platinum, which contraction would simulate a contraction due to a true adsorp- 
tion process and, when added to the normal adsorption, would apparently indicate the 
initial presence of a higher-velocity adsorption component. The hydrogen is of course 
present in excess and at atmospheric pressure, under which conditions the development 
of adsorption heat would be far more rapid than is the case in ordinary adsorption heat 
measurements at very low gas pressures and with restricted access of hydrogen. If this 
is the effective factor, it should be possible, by taking burette readings sufficiently quickly 
after contact between the gas and the metal, to observe the initial expansion phase, which 
would be in the opposite sense to adsorption and, when summed with the true adsorption, 
would thus simulate a subnormal adsorption velocity; but, under the experimental 

5y 
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conditions used, stable observations could not be begun before the elapse of 10—20 seconds 
from the contact time, and although the 10-seconds reading in some cases indicated an 
apparent adsorption less than would be expected from the velocity from 20 seconds up 
to the break time, the system had not settled sufficiently after the first rush of gas into 
the evacuated adsorption bulb for the reading at 10 seconds to be trustworthy, particularly 
in view of the very rapid initial motion of the mercury in the gas-measuring burette and 
the necessity for rapid levelling of the mercury cups attached to this. It is hoped to 
deal more fully with the adsorption components in a later paper. 


The authors wish to acknowledge a grant from the Research Fund of the Chemical Society, 
which has been used for the provision of the platinum catalyst employed in the above work. 
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358. Optical Activity dependent on the Planar Arrangement of the 
Valencies of the 4-Co-ordinated Palladous Atom. 


By ALAN G. LipsTONE and WILLIAM H. MIrLs. 


The method employed by Mills and Quibell (J., 1935, 839) for the examination 
of the valency configuration of the 4-covalent platinous atom has been applied to 
palladium. isoButylenediaminomesostilbenediaminopalladous salts (III) have been 
prepared and resolved into optical antimers by means of d- and /-diacetyltartaric acids. 
The molecular rotations [M]}5,, observed for the optically active nitrates were 50-5° and 
— 50-4°. The optical activity of the nitrates was stable at the ordinary temperature, 
but on heating it diminished more rapidly than that of the analogous platinum deriv- 
atives. The molecular dissymmetry of the complex ion thus demonstrated shows that 
the valencies of the 4-co-ordinated palladous atom cannot have a regular tetrahedral 
arrangement and accordingly indicates that they lie in one plane (see I). 


In a recent communication (loc. cit.) one of us and Quibell described an investigation of 
salts of a substituted bisethylenediaminoplatinous ion (I; M = Pt) in which the sub- 
stituents were so placed that the salts would be molecularly dissymmetric if the valencies 
of the 4-covalent platinous atom lay in one plane, but would be symmetrical if these 
valencies had a regular tetrahedral arrangement. It was shown that the salts could be 
resolved into stable enantiomorphous optically active forms. The complex cations were 
accordingly molecularly dissymmetric, and it thus followed (taking the planar and the 
tetrahedral to be the only arrangements sufficiently probable for consideration) that the 
platinum covalencies lay in one plane. 


Ph 
Ph 


Me 
ps oe, ~ ieee 
H ; 


Me 


In the present communication an account is given of the application of the corresponding 
method to the investigation of the stereochemistry of the 4-covalent palladous atom. 

The planar configuration of the valencies of palladium in this state of combination has 
been inferred from two kinds of evidence. The first of these is the occurrence of isomerism 
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in various palladium compounds in which a planar arrangement of the valencies would 
require the existence of geometrical isomerism, ¢.g., diglycinepalladium (Pinkard, Sharratt, 
Wardlaw, and Cox, J., 1934, 1012), palladium methylbenzylglyoxime (Dwyer and Mellor, 
J. Amer. Chem. Soc., 1935, 57, 605), and amminodinitritropalladium (Mann, Crowfoot, 
Gattiker, and Wooster, J., 1935, 1643); and the second, the X-ray analysis of the crystal 
structure of various palladium compounds—in particular, potassium chloropalladite 
(Dickinson, J]. Amer. Chem. Soc., 1922, 44, 2404), palladium salicylaldehyde (Cox, Pinkard, 
and Wardlaw, J., 1935, 459), and palladium thio-oxalate (Cox, Wardlaw, and Webster, 
J., 1935, 1475). 

To these two lines of evidence is now added a third. We find that ssobutylenediamino- 
mesostilbenediaminopalladous salts (III) can be resolved into antimeric optically active 
forms. Since this would not be possible if the palladium valencies were tetrahedrally 
disposed,* it is to be concluded that they have the alternative planar arrangement. 

The preparation of these palladium complex-salts was effected through the successive 
action of the two bases, isobutylenediamine and mesostilbenediamine, on potassium 
palladochloride. The interaction of the former base with the palladochloride gave the 


ssobutylene- H,-NH. Cl i 
K,{PdCl,] scopes if 2 Sp 4 ky a ne 
diamine “  CMe,‘NH; 1 


os Min “a cae a . 


(III.) 


non-ionic isobutylenediaminodichloropalladium (II). This was then converted by the action 
of the second base (with subsequent treatment with potassium iodide) into the complex 
todide (III), a substitution derivative of bisethylenediaminopalladium iodide in which 
the substituent groups, methyl and phenyl, occupied the special positions necessary for this 
investigation. 

The resolution of the palladium complex salt into optical antipodes was carried out 
with the aid of diacetyltartaric acid—the acid which had been found effective for the 
resolution of the corresponding platinum compound. Fractional crystallisation of iso- 
butylenediaminomesostilbenediaminopalladium d-(—)diacetyltartrate from aqueous alcohol 
resulted in the isolation of a salt with the molecular rotation (in water) [M]},, — 110°. 
The levorotation of this salt is about double that which would be produced by the d-(—)- 
diacetyltartrate ion; it was thus the l-base—d-acid combination. After replacement of the 
diacetyltartrate radical by the nitrate radical (by precipitation with silver iodide and © 
treatment of the resulting iodide with silver nitrate), the crystalline ssobutylenediamino- 
mesostilbenediaminopalladous nitrate which was obtained was found to be strongly lzevo- 
rotatory. The crystals were anhydrous; the palladium was therefore undoubtedly 4-co- 
ordinated and the optically active compound had the structure (III; with NO, instead of I). 
In aqueous solution (c = 1-61) it had [M]}%,, — 50-4°. 

To prepare the antimeric dextrorotatory nitrate the material in the mother-liquors 
from which the d-(—)diacetyltartrate had crystallised was converted (through the iodide) 
into the /-(+)diacetyltartrate. Fractional crystallisation of this yielded the d-base—l-acid 
salt with [M]i5;, + 110°, from which the d-isobutylenediaminomesostilbenediaminopalladous 
nitrate was obtained with [M]j%,, ++ 50-5° (in aqueous solution, c = 1-605). 

The optical stability of the d- and the /-nitrate, though distinctly less than that of the 
corresponding platinum compounds, is nevertheless considerable. At room temperature no 
appreciable racemisation was observed in aqueous or aqueous methyl-alcoholic .solutions 
during 24 hours, but at 56° a 2% aqueous solution of the /-nitrate lost 30% of its optical 
activity in 20 hours, and when boiled under reflux it lost 10% of its activity in about 8 
minutes. 

The optically active iodides are sparingly soluble in water and are obtained as amor- 

* The relationships correspond exactly with those in the analogous platinum compound discussed 
by Mills and Quibell (/oc. cit., p. 841), 
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phous precipitates by the addition of potassium iodide to aqueous solutions of the respective 
diacetyltartrates. The solid precipitates undoubtedly contain the palladium complex 
cations in their optically active forms, since on interaction with silver nitrate they yield 
the optically active nitrates, yet when dissolved in methyl alcohol their solutions were 
found to be inactive. They must therefore lose their activity very rapidly in solution. 

This optical instability of the iodide, which stands in marked contrast to the relative 
stability of the optical activity of the nitrate and the diacetyltartrate, may possibly be due 
to the establishment of an equilibrium between the sPirocyclic complex salt and a small 
amount of an inactive compound (IV), formed by the opening of the mesostilbenediamino- 
palladium ring through the co-ordination of an iodide ion in place of one of the amino- 
groups. The tendency to a corresponding co-ordination of a nitrate or diacetyltartrate ion 
would evidently be much less. 


NH NH 
[ CoH Mea<NH>PACNH>CoHPhs [Ip 
= | CoH Mey ye>Pacy a cataPha NMa |p 
2 
(IV.) 


The stereochemical evidence for the planar arrangement of the valencies of the 4-co- 
ordinated palladous atom, which this investigation provides, is dependent on the stilbene- 
diamine retaining its meso-configuration (V) when co-ordinating with palladium, since the 
corresponding derivative of the racemic base (VI) would be resolvable whatever the 
valency configuration of the palladium. 

NH, NH, 
(v)  Ph-C—H Ph—C—H (VI) 
Ph—C—H H—C—Ph 
NH, NH 

Under the conditions employed for the co-ordination, however, a change of configuration 
of the base is most improbable, since it is evident from their structure that the stereoisomeric 
stilbenediamines must be compounds of great configurational stability, especially in acid 
solution. In view, however, of the importance of this point for the present investigation 
we have examined it experimentally. We found in the first place that mesostilbenediamine 
(V) exhibited the expected resistance to transformation, for it could be boiled with dilute 
hydrochloric acid for a considerable time without the formation of any detectable trace of 
the racemic base. Similarly, the optically active stilbenediamine (VI) could be subjected 
to prolonged boiling with hydrochloric acid without showing any loss of rotatory power. 
The two diamines are therefore in fact difficultly transformable in acid solution. 

We then found that under very gentle conditions (warming with dilute hydrochloric 
acid to 50° for 1 hour) the complex iodide could be decomposed quantitatively into its 
constituents, viz., palladous iodide and the two diamines. The optically active iodide, 
thus treated, yielded an optically inactive solution from which the stilbenediamine was 
isolated and found to be the pure meso-base (m. p., 119°). We regard this as conclusive 
evidence that the stilbenediamine in the optically active complex salt is indeed the meso- 
base, since it can hardly be supposed that the meso-base suffers a change of configuration 
into the racemic form on co-ordination and is then changed back quantitatively into the 
meso-form under the gentle conditions of this decomposition. Moreover, we were able to 
show definitely in the following manner that these changes do not take place. 

By the action of the optically active stilbenediamine (VI) on tsobutylenediaminedi- 
chloropalladium (II), we prepared the optically active isobutylenediamino-|-stilbenediamino-. 
palladous nitrate with the two phenyl groups in the érans-configuration. This substance is 
quite distinct from the analogous optically active nitrate obtained by resolving (III). It 
is much less soluble in water, it has a much greater molecular rotation, and when decom- 
posed by warming with hydrochloric acid in presence of potassium iodide it gives an 
optically active solution from which the stilbenediamine is recovered and found to be the 
pure optically active base with undiminished rotatory power. 
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There can be no doubt, therefore, that the diphenyldimethylbisethylenediamino- 
palladous salts which we have resolved are derived from a cation in which the two phenyl 
groups are in the cis-relationship, and the possibility of their resolution shows that in this 
cation the four valencies of the palladium atom cannot have a regular tetrahedral arrange- 
ment and hence presumably lie in one plane, the ion having the configuration indicated 
diagrammatically in (I; M = Pd). 

EXPERIMENTAL. 


isoButylenediamine.—This base was prepared by a modification of the method used by Mills 
and Quibell (loc. cit.) whereby a considerably better yield was obtained. Freshly distilled 
acetonecyanohydrin (75 g.) (Dubsky and Wensink, Ber., 1916, 49, 1136) was dissolved in absolute 
alcohol (3 1.) and reduced by the addition of sodium (250 g.) in three lots (75 g.; 75 g.; 100g.). 
The dry crude isobutylenediamine hydrochloride (50 g.) obtained from the reaction mixture as 
described by Mills and Quibell was mixed with powdered sodium hydroxide (100 g.). Water 
(150 c.c.) was then dropped cautiously on the mixture, overheating being prevented by cooling 
with ice-water. A considerable quantity of ammonia was evolved and the base separated as an 
oily brown layer. The whole was then distilled under diminished pressure, and the distillate 
redistilled with } its weight of potassium hydroxide to complete the removal of the ammonia. 
The aqueous solution thus obtained contained 15—18 g. of isobutylenediamine and could be 
employed conveniently for the preparation of the following compound. The concentration of 
the solution was determined by titration with hydrochloric acid, thymol-blue being used as 
indicator. 

isoButylenediaminodichloropalladium (II).—A 13% aqueous solution of isobutylenediamine 
(210 c.c.; slightly over 2 mols.) was diluted with water (500 c.c.) and heated to 80—90°. 
Potassium palladochloride in 10% aqueous solution (500 c.c.; 1 mol.) was added during 10 
minutes, and the mixture heated till clear. Concentrated hydrochloric acid (50 c.c.) was then 
added and the solution boiled gently for 10 minutes. On cooling, isobutylenediaminodichloro- 
palladium separated in large orange prisms decomposing at about 300° (yield 85—90% of the 
theoretical) (Found: C, 18-2; H, 4:4; Pd, 46:1. C,H,,N,Cl,Pd requires C, 18-1; H, 4-5; 
Pd, 40-2%). 

dl-isoButylenediaminomesostilbenediaminopalladous Iodide (III).—isoButylenediaminodi- 
chloropalladium (25 g.) was boiled with water (500 c.c.), and a saturated alcoholic solution of 
mesostilbenediamine (20 g.) was run in gradually, care being taken that the liquid never lost its 
yellow colour until the whole of the palladium derivative had gone into solution. Potassium 
iodide (32-5 g.) was then added, and the solution cooled to 0°. The anhydrous iodide crystallised 
in nearly colourless prisms, m. p. 242° (decomp.). Yield 90% (Found: C, 32:8; H, 4-2; Pd, 
16-0. C,,H,,N,I,Pd requires C, 32-7; H, 4:3; Pd, 16-1%). On crystallisation from dilute 
aqueous solution the monohydrate was obtained (Found: C, 31:7; H, 4-4; Pd, 15-8; H,O, 2-6. 
C,,H,,N,I,Pd,H,O requires C, 31-8; H, 4-5; Pd, 15-7; H,O, 2-7%). 

1-isoButylenediaminomesostilbenediaminopalladous d(—)-Diacetyltartrate——The above iodide 
(III) (25 g.) was shaken for 1 hour with the silver carbonate freshly precipitated from silver 
nitrate (18 g.). In the filtrate, containing the carbonate of the palladium complex, d(—)-di- 
acetyltartaric anhydride (8-15 g.) was dissolved, and the solution was then evaporated to 
dryness under diminished pressure below 50°. The residue, consisting of the diacetyltartrate of 
the palladium complex, was dissolved in the minimum quantity of water and precipitated by 
adding absolute alcohol (400c.c.). The mixture of the salts of the d- and the /-base thus obtained 
consisted of small, colourless, somewhat hygroscopic needles having the composition of a 
dihydrate (Found: Pd, 15-6; H,O, 5-4. C,,H,;,0,N,Pd,2H,O requires Pd, 15-8; H,O, 5-3%). 

The resolution. was carried out by crystallisation from aqueous alcohol. The less soluble 
l-base—d-acid salt crystallises in short thick prisms; the stereoisomeric salt separates in a more 
finely divided form and dissolves more rapidly. The following procedure was therefore adopted. 
The diacetyltartrate (75 g.) was digested with cold water (60 c.c.), and absolute alcohol (200 c.c.) 
added. After the undissolved residue (thick prisms) had been collected, absolute alcohol (500 
c.c.) was added to the filtrate. The resulting crystals were then again subjected to the process 
of fractional solution followed by fractional crystallisation, and this procedure was continued 
till as much as possible of the thick prisms had been accumulated. This material, crystallised 
once from aqueous alcohol, yielded optically pure 1-isobutylenediaminomesostilbenediamino- 
palladous d(—)-diacetyliartrate (18 g.) as a dihydrate (Found: H,O, 5-4%). As it was somewhat 
efflorescent, it was dehydrated at 100° in a vacuum for the polarimetric determinations. In 
aqueous solution it gave a}§;, — 1-36° (c, 1-944; J, 4), whence [M]}5;, — 111°, and this value was 
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unchanged by repeated recrystallisation. The molecular rotation was found to vary with the 
concentration as follows :— 


OO DIE Sencevciscbenesiertnnest 9-97 6-33 4-22 1-944 1-25 
BITTEN ccnccsuccceeapecstensesntalocssacccs, A oeunEe —113° —111° —110° 


1-isoButylenediaminomesostilbenediaminopalladous Nitrate.—This salt was prepared from the 
corresponding d-diacetyltartrate through the iodide. On addition of potassium iodide to the 
solution of the diacetyltartrate (2-5 g.) in water (25 c.c.) the iodide of the palladium complex 
was precipitated as a resinous mass which solidified on stirring (Found: C, 31-7; H, 4-4; N, 
8-2; Pd, 15-7. C,,H,,N,I,Pd,H,O requires C, 31-8; H, 4-5; N, 8-3; Pd, 15-7%). The solid 
iodide, after collection and washing with water, was shaken for 1 hour with a solution of silver 
nitrate (1-25 g.) in water (50 c.c.), and the filtrate from the silver iodide was evaporated to 
dryness at room temperature over sulphuric acid in a vacuum. The residue, extracted with a 
little cold water to remove silver nitrate, dissolved in warm water, filtered from a little reduced 
silver and concentrated, yielded the pure mitrate as aggregates of colourless needles (Found : 
C, 40-6; H, 5-5; N, 15-7; Pd, 20-1. C,,H,,0,N,Pd requires C, 40-7; H, 5-3; N, 15-8; Pd, 
20-1%). In aqueous solution the salt showed [M]}5,, — 50-4° (c = 1-607; 1 = 4; aS, — 0-61°). 
After recrystallisation by partial evaporation of the aqueous solution in a vacuum, the mole- 
cular rotation was unchanged (within the observational limit): c = 1-605, / = 4, ose — 061°, 
whence [M]}5;, — 50-5°. 

To examine the configurational stability of the salt, a 2% aqueous solution was heated under 
reflux and kept boiling for 8 minutes. This caused a fall of the /-rotation, a/%%, (1 = 2), from 
— 0-38° to 0-34°. Another portion of the same solution after 19} hours’ keeping at 57° showed 
a change of rotation, o}%;, (1 = 2), from — 0-38° to — 0-24°. Another portion of the solution 
was mixed with an equal volume of methyl alcohol and kept at 57° for 193 hours. The rotation, 
ais, (J = 2), changed from — 0-22° to — 0-15°. Although the iodide, treated with silver nitrate, 
yielded an optically active nitrate its solution in methyl alcohol was optically inactive, presum- 
ably on account of rapid racemisation. Yet when a small quantity of potassium iodide, in- 
sufficient to cause a precipitate, was added either to the aqueous or to the aqueous methyl- 
alcoholic solution of the active nitrate no detectable racemisation occurred during 2 days at 15°. 

d-isoButylenediaminomesostilbenediaminopalladous |-(+-)Diacetyltartrate.—The salt remaining 
in the mother-liquors from which the d-acetyltartrate of the /-complex had crystallised was 
recovered by evaporation of the solvent in a vacuum below 35°, and converted through the 
iodide and carbonate, by means of J-(+)diacetyltartaric anhydride, into the /-diacetyltartrate. 
This, fractionated by the same method as had been used for the d-diacetyltartrate, yielded the 
pure d-isobutylenediaminomesostilbenediaminopalladous 1-diacetyltartrate dihydrate (Found: 
H,O, 5-5. C,,H,,0,N,Pd,2H,O requires H,O, 5-3%). In aqueous solution it had [M]}%;, + 110° 
(¢ = 1-941, 7 = 4, aff, + 1-34°). 

d-isoButylenediaminomesostilbenediaminopalladous Nitrate-—This sali was prepared from 
the above described /-diacetyltartrate in the same manner as the /-nitrate had been obtained 
from the d-diacetyltartrate (Found: C, 40-4; H, 5-1; N, 15-6; Pd, 20-0. C,,H,,O,N,Pd 
requires C, 40-7; H, 5-3; N, 15-8; Pd, 20-1%). In aqueous solution the salt had [M]}5, + 50-5° 
(aS, + 0-61°; c, 1-605; 1, 4), and after recrystallisation, a}, + 0-61° (c, 1-607; 1, 4). 

Decomposition of isoButylenediaminomesostilbenediaminopalladous Iodide by Hydrochloric Acid. 
—The dl-hydrate (0-96 g.) was dissolved in warm water (100 c.c.), concentrated hydrochloric acid 
(2 c.c.) added, and the mixture kept at 50° for 1 hour. The weight of precipitate formed was 
0-524 g. (theoretical weight of palladous iodide: 0-51 g.) The mesostilbenediamine which 
crystallised after addition of excess of ammonia to the concentrated filtrate weighed 0-269 g. 
(theoretical weight: 0-294 g.). Its m. p. and mixed m. p. with an authentic specimen of 
mesostilbenediamine were 119° (racemic stilbenediamine melts at 91°). 

Decomposition of the /-iodide in the same way gave a precipitate of palladous iodide and an 
optically inactive solution. The stilbenediamine recovered from this solution had m. p. 119°, 
unchanged when mixed with mesostilbenediamine. 

1-Stilbenediamine.—Racemic stilbenediamine was prepared from a-benzildioxime by reduc- 
tion with sodium and alcohol (Feist, Ber., 1894, 27, 213; Feist and Arenstein, Ber., 1895, 28, 
3167). The separation as carbamate employed by these authors proved inconvenient, and it 
was found better to dissolve the crude bases in excess of dilute acetic acid and crystallise the 
acetates. By this means dl-stilbenediamine diacetate monohydrate was obtained in small colour- 
less prisms, m. p. 181—132° (Found: C, 61-8; H, 7-2; N, 82. C,gH,,O,N,,H,O requires C, 
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61-7; H, 7-4; N, 8-0%). (Feist and Arenstein give 256° as the m. p. of the acetate. This 
must refer to some other compound.) 

The racemic base was resolved through its hydrogen d-tartrate (Feist and Arenstein, Joc. cit.), 
which was deposited on cooling a solution of the base (20 g.) and d-tartaric acid (31-5 g.) in hot 
water (350 c.c.) (Found: C, 48-2; H, 5-7; H,O, 6-6. C,,H,,0,,.N,,2H,O requires C, 48-2; 
H, 5-9; H,O, 6-6%. Found in dried substance: N, 5-6. C,,H,,0,,N, requires N, 5-5%). 

This material (50 g.) was fractionally crystallised until three successive crops had the same 
specific rotation. In this way 15 g., [«]}5, + 2-70°, were obtained. From this salt the /-base was 
isolated by treatment with 10% sodium hydroxide solution and extraction with ether. The 
free base was obtained as colourless needles, m. p. 81°. Since it rapidly absorbs carbon dioxide 
from the air, it was converted into hydrochloride by evaporation with a slight excess of hydro- 
chloric acid. The hydrochloride had [a]iS,, — 19-0° in water (aj, — 0-77°; c, 2-028; J, 2). 
The picrate of the /-base, obtained as a sparingly soluble yellow powder by the addition of sodium 
picrate solution to the hydrochloride, melts at 202—203°. 

Configurational Stability.—A solution of /-stilbenediamine (0-984 g.) in dilute hydrochloric 
acid made up to 100 c.c. with water had af, — 1-10° (J, 4). After it had been heated to 100° for 
16 hours in a closed vessel, it still had af, — 1-10° (i, 4). 

To test the configurational stability of mesostilbenediamine, a solution of this diamine in 
excess of dilute hydrochloric acid (350 c.c.) was boiled under reflux for 12 hours. On cooling, 
a crop of hydrochloride (A) crystallised. The filtrate from this, after concentration to 50 c.c., 
deposited a second crop (B). The base was then recovered from crops A and B and also from the 
final mother-liquor (C). The weights and m. p.’s of the successive fractions were: (A) 3-5 g., 
119—119-5°; (B) 1-0 g., 119—119-5°; (C) 0-3 g., 118-5—119°. 

Both the optically active diamine and the meso-base are therefore configurationally stable 
under conditions considerably more drastic than were employed in the preparation, resolution, 
and decomposition of the palladium tetramine salts. 

isoButylenediamino-|-stilbenediaminopalladous Iodide.—This compound was prepared by the 
action of /-stilbenediamine on isobutylenediaminodichloropalladium, the same conditions being 
used as had been employed to obtain the corresponding derivative of the meso-base. It separated 
as a monohydrate in the form of very pale yellow needles (Found: Pd, 15-6. C,,H,,N,I,Pd,H,O 
requires Pd, 15-7%). 

isoButylenediamino-1-stilbenediaminopalladous Nitvate.—This salt was prepared by the action 
of silver nitrate on the foregoing iodide in the manner employed for the preparation of the 
corresponding mesostilbendiamino-derivative. Crystallised thrice from hot water, it was 
obtained as small colourless needles (Found, in the salt dehydrated at 100° in a vacuum: C, 
40-3; H, 5-1; N, 15-8; Pd, 19-9. C,,H,,0,N,Pd requires C, 40-7; H, 5-3; N, 15-8; Pd, 
20-1%). This derivative of the /-base is much less soluble in water than the optically active 
form of the corresponding derivative of the meso-base and solutions of the same concentration 
as had been employed for the latter could not be prepared for polarimetric observation. The 
molecular rotation in aqueous solution was found to be [M]}5, — 497° (ai3, — 3-75°; c, 1-0028; 
I, 4) and [M]}5,, — 624° (ai%,, — 4:56°). The decomposition of the salt was carried out as 
follows: To a solution of the nitrate (0-5 g.) in water (100 c.c.) were added potassium iodide 
(0-35 g.) and concentrated hydrochloric acid (2 c.c.). After the mixture had been kept at 50° 
for 1 hour, the precipitated palladous iodide was removed, and the filtrate concentrated to 5 c.c. 
Excess of 50% potassium hydroxide solution was added, and the base extracted with ether and 
then converted into hydrochloride by evaporation with excess of dilute hydrochloric acid. A 
portion of the hydrochloride treated with sodium picrate gave a picrate which melted at 202— 
203° and at the same temperature when mixed with /-stilbenediamine picrate. Another portion 
of the hydrochloride (0-0207 g.) in aqueous solution (1 c.c.) gave af%3 — 0-20 (i, 0-5), whence 
[aJifos = — 19-3°. 


Our thanks are due to the Mond Nickel Company, Ltd., for a loan of palladium, and 
to Downing College for a research grant to one of us (A. G. L.). 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, September 29th, 1939.] 
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359. Quinovic Acid from Zygophyllum coccineum, L. 
By GABRA SOLIMAN. 


Quinovic acid, Cs5,H,,0,, which appears to be the only known dicarboxylic acid of 
the polycyclic triterpene series, was isolated from the desert plant Zygophyllum 
coccineum, L. The identity of the acid was shown by preparation of some of its 
derivatives, and confirmed by comparison with authentic specimens. 


THE annual shrub Zygophyllum coccineum, L. (Zygophyllace@), which is commonly known 
as gasshél, rotreyt, or kemmun garamany, grows abundantly in the sandy places of 
Egypt. Its chemical investigation does not appear to have been undertaken before. 
In the course of a systematic study, the author has isolated an acid by extraction with 
ether or alcohol. Purification of the acid required a rather lengthy method, and finally 
it was obtained in small prisms, m. p. 297° (decomp.), by crystallisation from dilute 
pyridine. Its empirical formula, C,5H,,O,, was shown to coincide with its molecular 
formula. It proved to be a monohydroxy-dicarboxylic acid, yielding a monoacetate, 
C3gH,,O4, m. p. 282—284° (decomp.), and a dimethyl ester, C,;,H,,0;, m. p. 175°. Further, 
the acetate of the ester, C,,H;,0,, m. p. 218°, was obtained by direct acetylation of the 
ester, or by the action of diazomethane on the acetyl derivative of the acid. 

The foregoing properties and melting points of the acid and its derivatives are identical 
with those of quinovic acid, which occurs in cinchona bark (Halsiwetz, Annalen, 1859, 
111, 182; Liebermann and Giesel, Ber., 1883, 16, 926; 1884, 17, 868; Wieland and Erlen- 
bach, Annalen, 1927, 453, 83; Wieland and Hoshino, ibid., 1930, 479, 201; Ruzicka 
and Prelog, Helv. Chim. Acta, 1937, 20, 1570). The identity of the two natural products 
was confirmed by direct comparison with authentic specimens kindly sent to the author 
from Professor Wieland’s Laboratory in Munich. 


EXPERIMENTAL. 


Quinovic Acid.—The finely powdered plant (3 kg.) was extracted (Soxhlet) with ether after 
exhaustion with light petroleum (b. p. 60—70°) and the dark greenish extract was concen- 
trated to about 1 1. and shaken with a saturated solution of sodium bicarbonate. The reddish 
alkaline solution was boiled with animal charcoal, filtered, and acidified. The gelatinous 
product which separated assumed a yellowish resinous appearance after drying (yield, 4-5 g.) 
and its further purification was carried out in accordance with the method mentioned below. 
A better yield of the acid was obtained by extraction of the plant residue with industrial 
alcohol. The dark brownish extract was concentrated to about 1 1. and diluted with water 
(2 1.), and the brownish gelatinous precipitate separated and dissolved in sodium bicarbonate 
solution, which was extracted twice with chloroform, treated with charcoal, filtered, and 
acidified. The ligt brown precipitate was dissolved in saturated baryta solution (charcoal) 
and acidified ; this process was repeated several times, until the acid was obtained as a yellowish- 
white jelly which dried to a yellowish resin (25 g.). The crude acid was triturated with absolute 
ether (150 c.c.), and the residue treated with five portions (60 c.c.) of cold absolute alcohol ; 
the acid was left as a white amorphous powder (19 g.), m. p. 290° (decomp.), which did not 
dissolve in any of the common organic solvents. It crystallised from dilute pyridine in small 
prisms, m. p. 297° (decomp.), which did not lose weight when heated at 120° in a high vacuum 
(Found: C, 73-9; H, 9-4; equiv., 254; M, ebullioscopic in pyridine, 479. Calc. for C,,H,,O, : 
C, 74-0; H, 95%; M, 486). 

O-Acetylquinovic acid. The acid (1 g.) was heated (45 minutes) with acetic anhydride (5 c.c.) 
in presence of fused sodium acetate. The product crystallised from dilute pyridine or dilute 
acetone in small needles, m. p. 282—-284° (decomp.) (Found: C, 72-7; H, 9-2; Ac, 8-0; equiv., 
270. Calc. for C,;,H,,0O,: C, 72-7; H, 9-1; Ac, 82%; M, 628). 

Methyl quinovate. A solution of the acid (1 g.) in 5% sodium hydroxide solution (30 c.c.) 
was methylated with methyl sulphate (2-5 c.c.); the neutral product, isolated by means of 
ether, crystallised from dilute acetone in rosettes of needles, m. p. 175°, identical with an 
authentic specimen (Found: C, 74-7; H, 9-8; 20Me, 12-0. Calc. for C,,H,,0,: C, 74-7; 
H, 9:8; 20Me, 12-1%). The same product was also obtained when silver quinovate (1 g.) 
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was mixed with methyl iodide (3 c.c.); the reaction took place at room temperature and was 
completed by warming for 30 minutes. 

Methyl Q-acetylquinovate. This was obtained by the direct acetylation of the ester in 
pyridine, or by the action of diazomethane on O-acetylquinovic acid. It crystallised from 
dilute methyl alcohol in elongated plates, m. p. 218° (cf. Ruzicka, loc. cit.) (Found: C, 73-4; 
H, 9-4; 20Me, 10-6. Calc. for C;,H,,0O,: C, 73-3; H, 9-4; 20Me, 11-1%). 

Analyses are by Dr. Schoeller and melting points are not corrected. 


Thanks are due to Dr. Fayek T. Gabalawy for his help during the extraction of the acid. 


Fovap I UNIVERSITY, ABBASSIA, CAIRO. [Received, August 9th, 1939.] 





360. Liquid-phase Reactions at High Pressures. Part V. The 
Polymerisation of cycloPentadiene and «-Dicyclopentadiene. 


By B. Ratstrick, R. H. Saprro, and D. M. Newitt. 


The polymerisation of cyclopentadiene in the pure liquid phase under pressure up to 
5000 atm. has been examined at temperatures from 0° to 40°. It was found that the 
reaction proceeds in three distinct stages, viz., (1) dimerisation to a-dicyclopentadiene 
only, (2) production of higher polymers, and (3) a violent disruptive reaction, depending 
upon the temperature and pressure, 

The bimolecular velocity constants of the dimerisation reaction have been 
calculated, experimentally determined compressibility figures being used for correction 
of the monomer concentration, and the A and E terms of the Arrhenius equation have 
been derived. Both show an increase with increasing pressure, and reasons for this are 
discussed. E was found to bear’a linear relation to log A. 

The higher polymers formed in the second stage of the reaction are members of the 
usual heat-polymerisation series, as are those obtained by subjecting «-dicyclopenta- 
diene to pressure at 138°. In the latter case the results show that polymerisation is 
dependent upon an initial dissociation into cyclopentadiene. 


VERY little is known concerning the effect of high pressure upon the kinetics of polymeris- 
ations in the liquid phase. Bridgman, Conant, and their collaborators (Proc. Nat. Acad. Sct., 
1929, 15, 680; J. Amer. Chem. Soc., 1930, 52, 1659; 1932, 54, 629) investigated the rates of 
polymerisation of isoprene and n-butaldehyde at pressures up to 12,000 atm. In the former 
case they found the rate to approximate to that of a first-order reaction, and calculated the 
temperature and pressure coefficients. The results were explained on the basis of a-chain 
mechanism initiated by the decomposition of peroxides to which isoprene is sensitive. 
Tammann and Pape (Z. anorg. Chem., 1931, 200, 113) investigated the polymerisation of 
isoprene, vinyl acetate, styrene, and 2: 3-dimethylbutadiene at pressures up to 3000 
kg./cm.?, and found that the reactions obeyed a unimolecular law. They suggested that 
the rate was determined by some change undergone by the molecules before combination, 
and concluded that polymerisation was more favoured by pressure than were other types of 
reactions. In Part II of this series (J., 1937, 1784) the effect of pressure upon the polymeris- 
- ation of various aromatic olefins was dealt with, but mainly from the aspect of yields and 
molecular weight. 

Much work has been done on the polymerisation of cyclopentadiene at atmospheric (and 
lower) pressures in both the liquid and the vapour phase, and also in solution. Various 
mechanisms have been suggested for the addition of monomer molecules to form the 
known polymers, notably the schemes (1) and (2): ~ 


| biel Sea, Uma (1) 


ae U-GD » 


The first was put forward by Kraemer and Spilker (Ber., 1896, 29, 552) and supported by 
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Staudinger and his collaborators (Helv. Chim. Acta, 1924, 7, 23; Annalen, 1926, 447, 97) ; 
but the mechanism generally accepted to-day for the heat polymerisation is (2), proposed by 
Wieland (Ber., 1906, 39, 1492) and later comprehensively investigated and proved by Alder 
and Stein (Annalen, 1931, 485, 223; 1932, 496, 197; 1933, 504, 205, 216; Angew. Chem., 
1934, 47, 837; 1937, 50,510). Early work on the rate of polymerisation was carried out by 
Etard and Lambert (Compt. rend., 1891, 112, 945), who followed the progress of dimerisation 
by measuring the change in density of the reactant. Stobbe and Reuss (Amnalen, 1912, 
391, 151) examined the reaction in the presence and in the absence of light, in air and in 
carbon dioxide, at temperatures between —80° and 135°. They concluded that illumina- 
tion had no appreciable effect upon the rate of polymerisation, and that, whereas only 
dimerisation took place below 100°, higher polymers were formed at 135°. Barrett and 
Burrage (J. Physical Chem., 1933, 37, 1029) studied the reaction by observing the change in 
vapour pressure of the system, but gave no rate constants. Much work upon the kinetics of 
the polymerisation has recently been carried out by Wassermann and his collaborators 
(Nature, 1936, 187,496; 138,368; 1937, 139, 669; this vol., pp. 362, 870), who have studied 
the rates of formation and decomposition of dicyclopentadiene in the pure liquid state, in 
various solvents, and in the gaseous phase. The A and the £ term of the Arrhenius equa- 
tion were calculated and the values discussed from the aspect of statistical mechanics. 
Kistiakowsky and his collaborators (J. Amer. Chem. Soc., 1936, 58, 1060; J. Chem. Physics, 
1937, 5, 682) also carried out similar investigations. The data and conclusions reached by 
Wassermann and Kistiakowsky will be referred to in discussing the results of the present 
paper, which deals with the liquid-phase polymerisation of cyclopentadiene at pressures up 
to 5000 atm. over a temperature range of 0° to 40°. 

In general, we have found that, according to the temperature and pressure conditions, 
cyclopentadiene under pressure, in the liquid phase, undergoes polymerisation in three 
distinct stages, viz., (1) dimerisation, where the products are a-dicyclopentadiene and 
unchanged monomer only; (2) association to higher polymers, amongst which trimer and 
tetramer have been identified; and (3) an explosive decomposition reaction producing gas 


and a highly carbonised residue usually enclosed in a thin envelope of horny insoluble 
material. 

The dissociation and polymerisation of «-dicyclopentadiene under pressure at 138° has 
also been examined and the data obtained are discussed in this paper in conjunction with 
those for stages (1) and (2) of the polymerisation of cyclopentadiene. Stage (3) is dealt with 
in the following paper. 


EXPERIMENTAL. 


(a) General.—Two types of pressure apparatus were used. For determining the velocity of 
dimerisation of cyclopentadiene an assembly giving temperature control to within 0-1° was 
employed (see J., 1938, 785); it will be referred to as ‘‘ Apparatus 1”. This was also used in 
determining the pressure—temperature limits of the three polymerisation stages. For investiga- 
tion of the decomposition of «-dicyclopentadiene, however, an earlier-described assembly (J., 
1937, 876) was employed since it permitted the use of larger volumes of reactant and the tempera- 
ture control available (+ 2° at 135°) was sufficiently accurate for the purpose. This is referred 
to as “‘ Apparatus II”’. 

(b) Materials.—Pure «-dicyclopentadiene as purchased was redistilled under 0-1 mm. The 
fraction used had b. p. 51°/0-1 mm., m. p. 32—32-5°, n° 1-5050. Kraemer and Spilker (loc. cit.) 
found n*¥ 1-5050, and m. p.’s given in the literature vary from 31° to 32-9°. 

cycloPentadiene was prepared from the purified dimeride by heat depolymerisation in the 
usual manner with fractionation of the monomer through an efficient column. The distilled 
monomer was dried over calcium chloride and was then refractionated through a column 
immediately before use. B. p. and refractive index were used as a check upon each portion used 
in the experiments. The purified monomer had b. p. 40-0°/760 mm., n}” 1-4404, d=" 0-7966. 
[Density figures at other temperatures are given later in the text. The refractive index and 
density figures agree with those of Kraemer and Spilker (loc. cit.), von Auwers (Ber., 1912, 45, 
3077), and Schultze (J. Amer. Chem. Soc., 1934, 56, 1552), but not with those of Zelinsky and 
Levina (Ber., 1933, 66, 477).] 

The mercury used to seal the reactant from the pressure-transmitting medium was purified by 
repeated agitation with solvents, nitric acid, and distilled water, and was dried in a vacuum oven. 
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(c) Experimental Method and Analysis.—The pure monomer, confined over mercury in a 
stainless-steel tube 7 cm. long and 0-875 cm. in internal diameter (Fig. 2), was allowed 5 mins. to 
attain the temperature of the reaction vessel before the latter was closed and pressure applied. 
In rate determinations the time recorded is the interval between the attainment of half the 
maximum pressure when pressure was applied and released at a uniform steady rate. In the 
high-temperature experiments in which the velocity of dimerisation is comparatively high it is 
necessary to pump up to the working pressure as rapidly as possible, due regard being paid to the 
necessity for maintaining substantially isothermal conditions. A number of tests were carried 
out with different rates of pumping to determine the maximum permissible rate, and this was 
found to be about 1500 atm./min. Direct measurements of the temperature of the reactants 
and pressure-transmitting liquid, immediately after rapid release of pressure from 5000 atm. (in 
about 1 min.), also showed that substantial thermal equilibrium was established within 1—2 
minutes. 





Fie. 1. Fic. 2. 
Polymerisation diagram of cyclopentadiene. Stainless steel reaction tube. 
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Finally, the experimental data themselves afford an indication that isothermal conditions are 
maintained save in those experiments in which carbonisation occurs. For example, the velocity 
constants calculated from the data for short-time runs are in no case higher than those for 
corresponding long-time runs in which several hours are available for temperature equilibrium 
to be established. 

During the course of an experiment any pressure fall, due to volume decrease as a result of 
polymerisation, was corrected immediately. This precaution was particularly necessary in the 
initial stages of any experiment where the rate of polymerisation was comparatively high. After 
removal from the pressure vessel, the reaction tube was rapidly chilled to 0°, and the product 
was estimated as described below. 

For experiments at atmospheric pressure a larger tube of the same steel was used, and was 
kept completely immersed in mercury, the whole assembly being maintained at the required 
temperature in a thermostat. At definite time intervals samples for analysis were withdrawn 
by means of a fine pipette after the tube had first been chilled to about —40°. Any air space in 
the tube was then filled with mercury, and the assembly returned to the thermostat. 

To determine the pressure—temperature limits of the three stages of polymerisation (Fig. 1) 
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the following procedure was adopted: pressure was applied at a steady uniform rate until a 
sudden pressure rise, indicating the occurrence of explosive decomposition, was recorded on the 
Bourdon gauge of the low-pressure side of the intensifier. The experiment was then repeated at 
diminishing pressure intervals of 100 atm. until carbonisation failed to occur, sufficient time 
being allowed for any induction, or delay, period. By following this procedure at the different 
temperatures the boundary between areas Y and Z (Fig. 1) was obtained with an accuracy of 
within 100 atm., Z being the carbonisation area. Ina similar manner the boundary between the 
dimerisation and higher polymerisation areas, X and Y, was found with a like degree of accuracy, 
the limit for X being the maximum pressure at which the product of prolonged reaction gave a 
residue which, after evaporation at room temperature and reduced pressure, had a m. p. of not 
less than 31°. 

The percentage dimerisation in area X was estimated by determining the change in refractive 
index by means of an Abbé refractometer at 25° + 0-1°, and comparing the result with a reference 
curve constructed by using weighed mixtures of pure monomer and pure a-dicyclopentadiene. 
Tests for polymers other than «-dicyclopentadiene were frequently made by the above m. p. test, 
especially in the products from Jong-period experiments. The percentages of dimeride estimated 
thus are probably accurate to 0-5. 

Fic. 3. 


Compressibility of cyclopentadiene. 
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To test the effect of peroxide upon the rate of dimerisation, duplicate experiments were 
performed with monomer alone and with monomer containing (a) 0-5 and (b) 1-:0% by weight of 
benzoyl peroxide. The experimental conditions were : 4000 atm. and 20°, atmospheric pressure 
and 20° and 2500 atm. and 40°. Within the limits of experimental error, peroxide was found to 
have no measurable effect upon the rate. This observation is in agreement with the work of 
Schultze (loc. cit.) on the effect of oxygen and peroxide on the liquid phase polymerisation of 
cyclopentadiene. 

(d) The Velocity Constants.—For a full correction of the a term (the concefitration of cyclo- 
pentadiene) of the bimolecular equation k = (l/at)*/(a — x), it is necessary to know (1) the 
density of cyclopentadiene at the experimental temperature, and (2) its compressibility over the 
pressure range covered. 

Owing to the high volatility of cyclopentadiene, density measurements at atmospheric pressure 
had to be carried out in a pyknometer so designed as to prevent loss due to evaporation while 
filling and weighing. . The following values were obtained : 


TERA. | ove covgeegreccdccibociegcess!); O® 10-0° 20-0° 25-0° 30-0° 
De, cescccccscccccsccccsscccesscerese 08235 0-8131 0-8021 0-7966 0-7914 

















di was found from the above data by graphical extrapolation. 

The compressibility isotherms at the four experimental temperatures are reproduced in Fig. 3. 
The method employed for the measurements, which will be fully described in a later publication, 
involves the use of a glass tube of known volume, calibrated at each of a series of sealed-in 
platinum wire contacts. These contacts are connected to a fine resistance wire wound spirally 
round the tube. The change in volume of the liquid as pressure is progressively applied is 
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recorded by changes in the total electrical resistance of this wire as each successive contact is 
reached by the rising column of the mercury seal within the tube. The isotherms in Fig. 3 are 
corrected for the compressibility of glass. 

The apparent velocity constants, calculated from the bimolecular equation by using the 
corrected values of a, show an increase with time, and in order to obtain the true values it is 
necessary to extrapolate the calculated values of 1/t. x/(a — *) to zero time. The results are 
given in Table I, which includes (1) the values of a in g.-mols./l. at atmospheric pressure at the 
four temperatures, (2) the fractional volume or compressibility correction, (3) the corrected 
bimolecular velocity constants in 1./g.-mol./min., and (4) the values of ky/k,. 


TABLE I. 
Values of the Bimolecular Velocity Constant. 


Frac- Frac- 
Press. 4» tional Press. * «tional 
(atm.). #a—-*) volume. k& X 10%. ky/k;. (atm.). t(a@—-*) volume. kX 10%.¢ hy/h;. 
Results at 0-0°: @ = 12-47 g.-mols. /litre. Results at 20-0°: @ = 12-14 g.-mols. /litre. 
1 0-00303 1-000 4-05 — 1 0-0220 1-000 30-2 — 
2000 0-0188 0-883 22-2 5-48 1000 0-0740 0-926 94-1 3-12 
3000 0-0438 0-850 49-8 12-3 2000 =0-193 0-873 231 7-65 
4000 0-0870 0-826 96-0 23-7 3000 §=.: 0-406 0-836 466 15-45 
5000 0-165 0-812 179 44-2 4000 0-905 0-811 1007 33-3 


Results at 30-0°: a = 11-98 g.-mols. /litre. Results at 40-0°: a = 11-82 g.-mols. /litre. 
1 0-0580 1-000 80-7 — 1 0-142 1-000 
1000 0-200 0-922 256 3-17 500 0-303 0-959 
2000 0-516 0-869 624 7-74 1000 0-490 0-920 
3000 1-29 0-830 1490 18-5 2000 1-44 0-864 
3500 2-06 0-816 2340 29-0 2500 2-40 0-844 


* Extrapolated values: ¢ in hours. ¢ In units (1./g.-mol.)/min. 


In Table II the values of k,/k, for the various pressure intervals are tabulated against 
temperature, and they show an increase with temperature, particularly in the higher pressure 
ranges. The values of log & as a function of pressure at the four temperatures are shown in Fig. 


4, and as a function of the absolute temperature at the various pressures in Fig. 5. In both cases 


TABLE IT, 


The influence of temperature on the ratio k,/k, for various pressure ranges. 


Values of ky/k, for the pressure range (atm.) : 
Temp. 1—500. 1—1000. 1—2000. 1—2500. 1—3000. 1—3500. 1—4000. 1—65000. 
0° 1-53 2-45 5-48 8-49 12-3 17-3 23-7 44-2 
20 1-66 3-12 7-65 10-9 15-5 22-7 33-3 
30 1-86 3-17 7-74 11-8 18-5 29-0 
40 2-05 3-18 8-75 14-25 


a series of almost parallel straight lines is obtained from the slopes and intercepts of which the 


values of the activation energy term E and the collision factor A of the Arrhenius equation have 
been deduced for the various pressures; these are summarised in Table ITI. 


TABLE III. 


Values of E and log A at pressures up to 5000 aim. 
Pressure (atm.) 1 500 1,000 2,000 2,500 3,000 3,500 4,000 5,000 
E (cals.) .........-..++. 17,000 17,350 17,650 18,250 18,400 18,600 18,800 ( na —_ 
lo , (1./g.-mol. approx. 
= aA tae ee 8-18 8-70 9-15 9-96 10-28 10-59 10-91 ih 11-4 

(e) The Higher Polymerisation Avea.—The combined product from two experiments at 3000 
atm. and 40° (about 7 c.c.) was fractionated in a vacuum. «-Dicyclopentadiene (yield about 
70%) was identified by refractive index, m. p. and mixed m. p. From the distillation residue 
more dimeride was removed by solution in cold methyl alcohol, and the residue (about 4%) was 
extracted with boiling methyl alcohol. This solution gave a white solid, m. p. 64°, on cooling. 
Recrystallisation gave crystals, m. p. 66°, either alone or admixed with authentic «-tricyclo- 
pentadiene. The residue insoluble in hot methyl alcohol probably consisted mainly of tetramer 
(m. p. 207°). It melted at 120—124° but the amount was too small for further treatment. 
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(f) Polymers from «-Dicyclopentadiene.—The purified starting material, contained in a glass 
tube over mercury, was subjected to pressure in Apparatus II at a temperature of 138° + 2°. 
Twelve experiments were carried out, three time periods (21, 44, and 72 hours) and four pressures 
(1, 2000, 3600, and 5000 atm.) being used. The products obtained under these conditions were 


Fic. 4. 
Pressure coefficient of log k at various temperatures. 
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Fic. 5. 
Temperature coefficient of log k at different pressures. 
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always liquid at the experimental temperature. About 15 g. of the product were weighed and 
fractionated at 0-1 mm., and dimer and trimer fractions were thus removed and weighed. The 
residue was then repeatedly extracted with cold ether to dissolve tetramer, and the insoluble 
portion was boiled with benzene to remove pentamer. The higher polymer remaining un- 
dissolved corresponded with a material called polycyclopentadiene by Staudinger (Joc. cit., 1926), 
who considered it to be hexamer. 
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The m. p.’s of the crude fractions were low in all cases, 5—10° in the case of dimer, trimer, 
and pentamer, and up to 30° in the case of tetramer; but since in most cases each fraction would 
be contaminated with small amounts of the polymers higher and lower in the series, errors would 
to a certain extent be balanced. The figures given in Table IV are therefore subject to a small 
error. 


TABLE IV. 
Yields of Higher Polymers from «-Dicyclopentadiene at 138° + 2°. 
Pressure Dimer Trimer Tetramer Pentamer Hexamer 
(atm.), decomp., %. formed, %. formed, %. formed, %. formed, %. 
Time = 21 hours. 
= 1 20-5 16 2 — — 
2,000 26 25 a seek wtin 
3,600 15-5 14 l —— oo 
5,000 13-5 10 1 — — 
10,000 4 or 5 --- as = = 
Time = 44 hours. 

1 37-5 23 11-5 0-5 — 
2,000 52 27 20-5 1 os 
3,600 41 25 12 1 — 
5,000 28 17 ll 1 — 

Time = 72 hours, 

1 46-5 26-5 15 1-5 - 
2,000 65 31-5 28-5 2-5 a 
3,600 716 29 39 5 <0-5 
5,000 22 43 6 0-5 



















































































80 
a 
Liz , 
70 Fe 7 : 
3 a 
a” vs vf . Curve 2 After 2/ hrs. 
3 é n” 6 ” 44 ” 
S 50 oA —_ ”» 3. ~ 72 - 
ey 2X / N 
: rd / Ne 
Sy . WN 
ST TN 
S 30 : 
8 7 == ¥ Se 
S on 
& 1 4 
Penal 
2000 4000 6000 8000 70,000 
Pressure,atm. 


The experiment at 10,000 atm. pressure was carried out in an apparatus of much smaller 
capacity and the product was too small in amount to be estimated by the above method. The 
yield was computed on the basis of refractive index change and the molar freezing-point depres- 
sion constant for «-dicyclopentadiene given by Pirsch (Ber., 1934, 67, 101), the higher polymer 
being assumed to be tricyclopentadiene, though it would undoubtedly contain some higher 
members of the series. In Fig. 6 the percentage of dimer changed is plotted as a function of the 
pressure for each of the three trime periods. 
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When a-tricyclopentadiene was subjected to the same temperature conditions at atmospheric 
pressure and also at 3600 atm. it remained quite unchanged, as shown by its m. p. alone or 
mixed with untreated trimer. 

The components of reaction mixtures were identified not only by m. p. but also by the m. p.’s 
of their phenyl azide addition compounds prepared by the method of Alder and Stein (loc. cit., 
1931). Below are the m. p.’s of these derivatives with, in parentheses, those given by Alder and 
Stein : Phenyl azide addition compound of a-dicyclopentadiene, 129° (128°) ; «-tricyclopentadiene, 
199° (199°); tetracyclopentadiene, 220° (222°); pentacyclopentadiene, 258° (—). 


DISCUSSION. 


(a) The Dimerisation Area.—The increase in the bimolecular velocity constants for any 
given set of temperature and pressure conditions may be due to one of the following 
causes : 

(1) Kistiakowsky and his collaborators (loc. cit., 1937) believed that the increase was 
only an apparent one due to an error in estimation by the refractive-index method. They 
suggested that another polymer with a higher refractive index than that of «-dicyclo- 
pentadiene was also formed, leading to an over-estimation of the amount of dimer. It may 
be pointed out that Wassermann and Khambata (Nature, 1936, 138, 368) also noted an 
increase in the velocity constants when using a colorimetric method of estimating monomer 
in their determinations. We are satisfied that in the dimerisation area here dealt with no 
polymer is formed other than «-dicyclopentadiene. 

(2) Polymerisation in the pure liquid state may not be a bimolecular reaction. 

(3) In the liquid phase, polymerisation starts in pure cyclopentadiene as solvent, continu- 
ing in a solvent containing an ever-increasing concentration of dimer. Wassermann and 
Khambata (loc. cit.) suggested that the increased velocity is due to a higher rate of 
polymerisation in dimer solution than in monomer, though in later work Kaufmann and 
Wassermann (this vol., p. 870) have shown that the velocity coefficients are not markedly 
changed by the solvent. Though the density of dimer is greater than that of monomer, and 
hence monomer concentration is greater at any stage during polymerisation than it would be 
if the densities of the two hydrocarbons were equal, the increase in velocity found is too 
great to be explained entirely on this basis. 

Examination of the results given in Table II shows a rapid rise of the corrected velocity 
constant with increase of pressure, the values of k, at 3000 atm. being more than 10 times 
greater than the k, values for the same temperature. This indicates that the dimerisation 
belongs to the class of “‘ slow ” reactions (see Moelwyn-Hughes, “‘ The Kinetics of Reactions 
in Solution,’ Chap. IV, Oxford, 1933), where the velocity constant is usually several powers 
of 10 smaller than that calculated from the rate of collision (gas-collision equation) and the 
measured activation energy. 

That the pressure effect is dependent upon temperature is shown by the data in Table II. 
The k,/k, ratio increases with temperature, particularly in the higher pressure ranges. 

Regarding the values at atmospheric pressure for the E and A terms of the Arrhenius 
equation given in Table III, it may be noted that Wassermann (this vol., p. 362) gives 
16,000 + 1000 cals. for E, whereas Kistiakowsky (loc. cit.) found 17,000 cals. Also the 
figure for A at atmospheric pressure given in the table is equivalent to 6-40 if the time unit is 
seconds. For the same condition Wassermann gives 5-7 + 0-9, and Kistiakowsky 6-3. 

There is an apparent increase in the activation energy with pressure, together with a 
more than compensating increasein A. The latter term includes the collision number Z and 
the probability factor P, both of which may vary with pressure. If it is assumed that the 
collision number is constant at 10", 4.¢., is about 10° greater than the gas-collision number 
(Wassermann and Khambata, /oc, cit.), then it is seen that when pressure is increased from 1 
to 5000 atm. the probability of interaction between two molecules with the requisite energy 
is increased by more than 10* times. Although such a result might be unexpected, it is not 
improbable. The viscosity of the reactant is probably increased by a factor of at least 10 
when a pressure of 5000 atm. is applied to it, and the tendency towards orientatior of the 
molecules, always evident in the liquid phase, is thereby increased. A big increase in the 
probability factor would result on the assumption that ‘such orientation brings pairs of 
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molecules into the correct position for interaction. In Part III (J., 1938, 784) it was shown 
that, in the esterification of acetic acid with sec.-butyl alcohol, where there is an 11-fold 
viscosity increase over a pressure range of 1 to 3500 atm., the value of P is increased by 
about 10 times. The activation energy term E is composite, and the observed variation 
with pressure may be due, for example, to a change in the activation energy of diffusion. 

Since both A and E contain terms which depend upon changes in certain physical 
properties of the reactant, some simple relationship between them is to be expected. Thus 
it is found that log PZ is a linear function of E within the limits of experimental error. The 
functional relationship between A and E has been discussed by Fairclough and Hinshel- 
wood (J. ,1937, 797), who found that, on certain reasonable assumptions, a linear relation- 
ship should hold between log A and 1/+/E. 

(b) The Mixed Polymerisation Area.—The area Y in Fig. 1 represents temperature— 
pressure conditions intermediate between dimerisation and a disruptive decomposition 
reaction. Its width decreases from about 300 atm. at 40° to 200 atm. at 30°, and below 20° 
no mixed polymer formation occurs. The boundary line between X and Y cuts the 
temperature axis at about 100°, at which temperature Wassermann and Khambata (loc. cit.) 
observed the formation of cyclopentadiene from dimer, and Staudinger and Bruson (loc. cit., 
1926) found that 2% of tricyclopentadiene was formed from dimer in a period of 2 weeks. 

Under the conditions defined by the area Y, mixed polymers are formed rapidly, 30 mins. 
at 40° and 3000 atm. producing some 6—10% of trimer along with 4% of unchanged 
monomer, the remainder being dimer. 

(c) The Polymerisation of «-Dicyclopentadiene.—Most of the earlier work on polymers 
from «-dicyclopentadiene was carried out by Staudinger and Bruson (loc. cit.) and by Alder 
and Stein (loc. cit.). The former authors isolated tri-, tetra-, penta-, and poly-cyclopenta- 
dienes formed by the action of heat on a-dicyclopentadiene in sealed glass tubes. The work 
was semi-quantitative, and the yields of polymers under different temperature conditions 
were recorded. The proposed structure of dimer and of trimer, according to Alder and 
Stein, requires that the formation of higher polymers from dimer takes place only after 
dissociation of part of the dimer to monomer. With the structure suggested by Staudinger, 
tetramer could be formed by the union of two suitably activated dimer molecules without 
dissociation occurring. At no time during the present investigation was there any reason to 
suspect that this was the case. 

Examination of the pressure—polymerisation curves in Fig. 6 shows that each curve has 
a maximum for a certain pressure which shifts towards higher pressure conditions as the 
time of reaction is prolonged. Table IV also shows that pressure favours the production of 
higher polymers, especially with prolonged time, i.e., increasing yields of tetramer and 
pentamer are obtained at the expense of trimer. 

Two types of reactions are apparently taking place, (1) dissociation of dimer to monomer, 
and (2) addition of monomer to monomer, dimer, trimer, etc. Since application of pressure 
increases the rate of dimerisation and higher polymerisation, it must inhibit (1). The 
maxima on the curves therefore represent those conditions under which, within a given time 
period, the inhibition of dissociation of dimer becomes the preponderating pressure effect. 
Since the resultant effect of increased pressure beyond these maxima is a decreasing total 
production of polymers, the belief that dimer—dimer addition is not taking place is con- 
firmed. It has already been mentioned that «-tricyclopentadiene is quite unchanged under 
pressure at 138°. 
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361. Liquid-phase Reactions at High Pressures. Part VI. The 
Explosive Decomposition of cycloPentadiene. 


By B. Ratstrick, R. H. Sapiro, and D. M. Newitt. 


The carbonisation of cyclopentadiene under pressure has been investigated with 
regard to the dependence of the carbonisation pressure upon temperature, tube 
diameter, the material from which the reaction tube is made, and the presence of a 
diluent. The results are discussed from the point of view of the mechanism of the 
reaction. 

In general, the effect of diluents is a progressive increase in the critical carbonisation 
pressure with increasing dilution. 

The main products, gas and carbonaceous residue, have been examined, and the 
structure of the latter is discussed. 


In Part V (preceding paper) it was mentioned that, under certain conditions of temperature 
and pressure, cyclopentadiene undergoes an explosive decomposition accompanied by a 
rapid rise in pressure. This rise may be as much as 2,000 atm. or more, depending upon the 
experimental conditions and the volume of reactant used. The products are (1) large 
quantities of gas, and (2) a highly carbonaceous residue usually enclosed in an envelope of 
semi-transparent insoluble material. In view of the comparative rarity of such reactions 
in the liquid phase it was thought of interest to investigate this example in some detail. 

The reaction takés place under conditions defined by the area Z of Fig. 1 (Part V), 
and is found to be very sensitive to temperature, pressure, the diameter of the reaction 
tube, and the nature of the material of which the tube is made. 


EXPERIMENTAL. 


As previously described, the area Z was found by using the steel tube shown in Fig. 2 (Part V), 
the ‘‘ minimum critical carbonisation pressure ’’ (M.C.C.P.) determined at any temperature being 
defined as the lowest pressure at which carbonisation would ultimately occur. The values so 
obtained are given below : . 

Temp. ... ocecre ces cesccsescoce 13° 20° 30° 40° 
M.C.C.P. (atm. “y Stbgesrgonccccooces -"* COU 4900 3700 3100 
* It was not safe to 5 dmened this pressure in search of results at lower temperatures. 


The M.C.C.P. is sharply defined and can be measured accurately to within 100 atm. 

Factors influencing the Critical Carbonisation Pressure.—(a) The dimensions of the reaction 
vessel. To determine the influence of vessel diameter upon the critical pressure a series of 
experiments was carried out in Apparatus II (see Part V), soda-glass tubes of constant length 
but different diameter being used. The internal diameters varied from 23 mm. (the largest 
which could conveniently be accommodated in the apparatus) to 4-75 mm. 

As a matter of convenience, the critical pressure measured (C.C.P.) was not the minimum 
critical carbonisation pressure, but that pressure at which carbonisation occurs when the pressure 
is increased at a uniform rate of 1,500 atm. per minute. It does not, therefore, take into 
account the induction periods preceding carbonisation which may vary from 1 sec. to as much as 
74 secs., depending upon the diameter of the tube and other factors. 

The results at 20° and 30° (+ 0-1°) are summarised in Table I and are shown graphically in 
the figure. 

TABLE I. 


Variation si Critical Carbonisation Pressure with Tube Diameter at 20° and 30°. 


Diameter (mm.) .. eescenpene ae 19-5 16-75 13-5 11 8 6-5 4-75 
C.C.P. (at im 20° 3000 2950 3025 3100 3250 4200 5250 — 
C.P. (atm-)) At 30° 2300 2300 2350 2525 2875 3375 3950 >5500 


Comparable experiments in tubes in which the internal diameter was maintained constant 
but the length varied showed the C.C.P. to be independent of length. 

(b) The material of tne reaction vessel. The critical pressure was found to depend upon the 
material of which the reaction vessel was made; e.g., the M.C.C.P. at 20° in a stainless-steel tube 
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of 8-75 mm. internal diameter and 1-75 mm. wall thickness was 4,900 atm., whilst in a glass 
tube of the same internal diameter and 1-25 mm. wall thickness the M.C.C.P. at the same 
temperature was below 3,800 atm. 

The introduction of a number of pieces of glass into the steel tube caused no measurable 
alteration in the M.C.C.P., thus showing that the glass was not exerting a catalytic effect upon the 
reaction. 

(c) The presence of oxygen. The presence of 0-5% by weight of benzoyl peroxide in solution 
in the monomer was found to have no effect upon the carbonisation pressure. 
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(d) Diluents. The effect of dilution was examined in Apparatus I, the same steel tube and a 
constant temperature of 40-0° (+ 0-1°) being used for all experiments. Purified n-heptane was 
chosen as a non-polar solvent, and acetic acid and ethyl acetate as polar ones. The results are 
given in Table II. : 


TABLE II. 


Variation of M.C.C.P. at 40° in the presence of diluents. 


Diluent. 10%. 5%. 2%. 1%. 
m-Heptane ......cccccsccreeeseeseeeee 4000 3400 3200 3200 
Ethyl] acetate .........ccecesseeeeeee 3800 3400 
POOEIC OCIG. 200 ccpeccandeetageeecedes \s ) Gee 


Products —(a) Gas. A sample of the gas evolved during carbonisation was collected by 
attaching a valve to the top of the high-pressure chamber of Apparatus II. Analysis gave: 
CH,, 92; H,, 8%. 

(b) Carbonaceous material. A sample of the carbonaceous residue was submitted to Prof. 
H. L. Riley, of King’s College, Newcastle, and we are indebted to him for the following analytical 
and X-ray results. The carbon was first shaken for a long period with zinc and hydrochloric 
acid to remove mercury with which it had become impregnated during the violent reaction 
accompanying carbonisation. It was then further extracted with hydrochloric and hydro- 
fluoric acids before analysis (Found: Ash, 2; C, 92-0; H, 2-6%). 

X-Ray analysis of the purified material gave the measurements mc = 30-24. and ma = 
14-5 a., and the crystallites can therefore be considered as being cylinders of which the average 
height is 30-2 a. with an average diameter of 14:54. They are thus rod-like as compared with 
the disc-shaped crystallites present in graphite. 

(c) Enveloping solid. This was transparent to translucent, brown, and of a horny con- 
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sistency. It formed an envelope round the carbonaceous matter varying in thickness according 
to the conditions under which it was formed; the smaller-diameter tubes in general produced 
comparatively thick envelopes. It was insoluble in all the usual organic solvents, failing even 
to swell during prolonged boiling with benzene (24 hrs.). After being well cleaned from 
adhering ‘‘ carbon,” a sample was analysed [Found : C, 83-8; H, 8-44; O(?), 7-76%]. 


DISCUSSION. 


The occurrence of explosive reactions in the liquid phase is comparatively rare and their 
characteristics are, therefore, of some theoretical interest. In the present example an 
inspection of Fig. 1 (Part V, loc. cit.) shows that the region Y in which higher polymeris- 
ation of cyclopentadiene occurs is restricted, and on the high-pressure side is bounded by 
the carbonisation zone in which a rapid exothermic change takes place. The two areas 
are quite distinct, and we have been unable to control or arrest carbonisation once it has 
started. 

It has been shown that the carbonisation reaction has a well-marked induction period 
and critical pressure limits, features which are common to certain types of gas reactions 
in which chain processes are involved (cf. the oxidation of the higher hydrocarbons; Kane, 
Chamberlain, and Townend, J., 1937, 436). 

Chains may start and/or terminate on the walls of the containing vessel or in the body 
of the reacting medium. In the former case the rate of development of the reaction with 
time is found to depend upon the surface/volume ratio of the vessel and upon its diameter. 
That the carbonisation of cyclopentadiene under pressure is a homogeneous reaction is 
shown by the fact that increase in the surface/volume ratio produces no measurable change 
in the M.C.C.P.; and the view that a chain mechanism is involved, in which the chains 
terminate on the walls, is supported by the dependence of the M.C.C.P. on diameter. 
For a chain reaction a relationship between the C.C.P. and the tube diameter of the form 
Pd" = constant should exist, and when values of log P (Table I) are plotted against d this is 
found to be the case, a single straight line being obtained for 30° and two intersecting 
straight lines for 20°. The equation to the straight line at 30° gives the relationship 
Pd**4 = constant. 

Furthermore, the critical carbonisation pressure should be related to the absolute 
temperature by an equation of the type log,,)(P/T) = A/T + B, where A and B are con- 
stants. The results for the M.C.C.P. at temperatures from 13° to 40° give a satisfactory 
linear relationship between log,,(P/7T) and 1/T, the values for A and B being 1,180 and 
— 2-80 respectively. It must be borne in mind, however, that the above equation also 
holds for a purely thermal reaction, and by itself is not a criterion of a chain mechanism. 
Moreover, a branching-chain reaction leading to an explosion is always accompanied by 
heat evolution, and the distinction between such a reaction and a purely thermal explosion 
is merely formal. 

The comparative experiments in which steel and glass reaction tubes were employed 
show that thermal effects probably do influence the course of the reaction.* The ratio 
of the heat conductivities of steel and glass is 1 : 0-034, and the greater conductivity of 
steel necessitates the application of a pressure higher by upwards of 1,000 atm. than that 
required by glass to effect carbonisation. That the homogeneous reaction is not catalysed 
by oxygen or peroxide is shown by the experiments in which 0-5% of benzoyl peroxide was 
added. 

It will be seen from Table II that when diluents are added to a proportion of up to 10% 
there is a progressive increase in the M.C.C.P. with increasing dilution; e¢.g., at 40° an 
addition of 10% of n-heptane raised the critical pressure from 3,100 to 4,000 atm. At 5% 
dilution ethyl acetate and n-heptane gave the same critical pressures, but with increasing 
dilution there was a divergence in favour of a lower M.C.C.P. for ethyl acetate. 10% 
Dilution with acetic acid, on the other hand, gave an increased M.C.C.P., the pressure for 
n-heptane lying mid-way between those for acetic acid and ethyl acetate. The acetic acid 


* The polymerisation of methyl methacrylate becomes self-heating as the medium becomes viscous 
through polymerisation. The suppression of convection is in this case an important factor. 
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experiments were noteworthy for the much greater rate of volume decrease, as shown by 
diminution of pressure during the initial stages of the experiment, and products from 
reactions at just below the M.C.C.P. contained much greater proportions of dimeride 
than were obtained without acetic acid under otherwise equal conditions. Any catalysis 
of polymerisation by acetic acid would iead to a more rapid rate of decrease of monomer 
concentration,’and this would have the same effect as increased dilution, #.e., the M.C.C.P. 
would be raised. 

All the facts being taken into consideration, it seems probable that reaction chains are 
initiated by the series of reactions occurring in the region Y (higher polymerisation), and 
that branching occurs on the attainment of a critical pressure sufficiently high to ensure 
an adequate life for the chains. This view is supported by a study of the heats of com- 
bustion (Wassermann, J., 1935, 828; Becker and Roth, Ber., 1934, 67, 627) of cyclo- 
pentadiene, its dimer, trimer, and tetramer. The polymerisation reaction proceeds with the 
evolution of about 25 kg.-cals. per g.-mol. of polymer formed at each step. 

An alternative explanation would be that carbonisation is due to a high rate of polymeris- 
ation of a different type induced by the higher pressures. Insufficient evidence is as yet 
available to support this hypothesis, but the envelope of horny material produced in these 
reactions, presumably owing to the cooling and inhibiting effect upon carbonisation 
exerted by the walls of the reaction tube, bears some resemblance to the polymers which 
Staudinger and Bruson obtained by the action of stannic chloride on cyclopentadiene 
(Annalen, 1926, 447, 110). Their stannic chloride polymers were very sensitive to aerial 
oxidation and had to be purified in the absence of air for analysis. 

The deficiency of 7-76% found in the analysis of our material is probably due to oxygen, 
and indicates a sensitivity to oxidation far in excess of that possessed by trimer and higher 
polymers formed under the conditions defined by area Y, possibly owing to a different 
molecular structure. The analogous deficiency in the analysis of the carbonised material 
is also probably due to oxidation, since, when removed from the reaction tube, the residue 
is in a finely divided and active condition. 

Prof. H. L. Riley’s X-ray analysis shows that the carbonised mass cannot be classified 
as either graphitic or amorphous. Since the distance between two corresponding layer 
planes in carbon is 6-79 A., that between two adjacent ones is 3-4 A., and thus the crys- 
tallites on an average contain about 10 layer planes, the mean diameter of each being 
14-5 a. Since the side of each hexagon is 1-42 a. long it follows that each hexagon layer 
plane contains about 30 hexagons per plane. The only structure with which these 
crystallites may be compared is that of a low-temperature coke prepared at 550—600°. 

The gas evolved during the reaction is principally methane (92%) and, as cyclopentadiene 
has no carbon atom attached to more than two hydrogens, some hydrogenation process 
must be taking place in which CH, or CH,: groups are undergoing reduction to methane. 
To confirm this point, 5% solutions of various organic liquids in cyclopentadiene were in 
turn subjected to the reaction. Aniline and pyridine gave ammonia, carbon tetrachloride 
gave hydrogen chloride, and hydrogen sulphide was produced from thiophen. The break- 
down of such stable substances as carbon tetrachloride and thiophen is an indication of the 
large amount of energy released during this carbonisation reaction. 


The authors wish to thank Prof. H. L. Riley, of King’s College, Newcastle, for the X-ray 
examination and analysis of the carbonised material. One of them (B. R.) is also indebted to the 
Gas Light and Coke Company, Limited, for a Fellowship, and to the West Riding of Yorkshire 
Education Authorities for a maintenance grant. 
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362. Acid Catalysis in Non-aqueous Solvents. Part VIII. The Re- 
arrangement of N-Chloroacetanilide in Chlorobenzene Solution at 100°. 


By R. P. Beit and P. V. DANCKWERTS. 


The catalysed transformation of N-chloroacetanilide into o- and p-chloroacetanilide 
has been studied in chlorobenzene solutions of carboxylic acids at 100°. Under these 
conditions the transformation is subject to general acid catalysis, as distinct from the 
specific mechanism involving free chlorine which operates in catalysis by hydrogen 
chloride. The course of each reaction is autocatalytic, but the initial rates are related 
in a simple way to the concentration and dissociation constant of the catalysing acid. 
The transformations of N-chloroacetanilide, N-bromoacetanilide,and N-iodoformanilide 
are compared, and an explanation is suggested for the autocatalytic behaviour of the 
chloro-compound. 


Many kinetic measurements have already been made on the catalysed transformation of 
N- into o- and #-chloroacetanilide, the catalyst being in almost every case a hydrogen 
halide in a solvent containing water. Under these conditions the transformation un- 
doubtedly takes place by a specific mechanism involving free halogen; this is shown by 
a large amount of kinetic evidence (summarised by Orton, Brit. Assoc. Reports, 1910, 85), 
and also by recent measurements with radio-active chlorine as an indicator (Olson, Porter, 
Long, and Halford, J. Amer. Chem. Soc., 1936, 58, 2467; 1937, 59, 1613). On the other 
hand, it has been shown in previous papers of this series that the rearrangement of N- 
iodoformanilide (Bell and Brown, J., 1936, 1520), N-bromoacetanilide (Bell, Proc. Roy. 
Soc., 1934, A, 148, 377), and a number of other N-bromoanilides (Bell and Lidwell, this 
vol., p. 1096) is catalysed by carboxylic acids and phenols in non-dissociating solvents, 
and that no mechanism involving free halogen can be operative in these catalyses (Bell, 
J., 1936, 1154). It is therefore of interest to discover whether general acid catalysis of 
this kind can also take place in the transformation of N-chloroacetanilide. Rivett (Z. 
physikal. Chem., 1913, 82, 202) found that very slow transformation took place in aqueous 
solutions of sulphuric and other acids, but this can be attributed to small amounts of 
hydrogen chloride formed by hydrolysis. Earlier experiments had also shown that no 
measurable reaction took place with carboxylic acids in chlorobenzene at room temperatures. 
However, it had been found that N-iodoformanilide is rearranged about 500 times as fast 
as N-bromoacetanilide under the same conditions of catalyst and temperature; hence the 
analogous rearrangement of N-chloroacetanilide might well be undetectable except at 
higher temperatures. In the present paper measurements were carried out at 100°, with 
the result that general catalysis was established in this case also. 


EXPERIMENTAL. 


Materials.—N-Chloroacetanilide, prepared from acetanilide and sodium hypochlorite 
solution saturated with sodium bicarbonate, was recrystallised from aqueous acetic acid and 
left in a desiccator over soda-lime until the smell of acetic acid had disappeared. The amount 
of iodine liberated from potassium iodide corresponded to a purity of at least 99%. 

Chlorobenzene was dried over phosphoric oxide and fractionally distilled, being collected 
within a range of 0-5°. 

The acids used were mostly commercial specimens of established purity, but dichloroacetic 
acid was fractionally distilled, and chloroacetic acid recrystallised from benzene. 

Measurement of Reaction Velocity—The reactions were carried out in vessels of the type 
previously described (Bell and Levinge, Proc. Roy. Soc., 1935, A, 151, 211) immersed in a steam- 
bath. The temperature sometimes varied by as much as 0-5°, but this is not important, since 
the kinetic results are not of high accuracy. The concentration of anilide was about m/200 
throughout, and the reaction was followed by extracting about 2 g. of reaction mixture from 
time to time, adding it to a weighed flask containing acidified potassium iodide solution, and 
estimating the iodine liberated by weight titration with n/100-thiosulphate. These titrations 
could be carried out with a reproducibility of better than 0-5% provided that the conditions 
were carefully standardised, and it was found that the best end-points were obtained with n/10- 
potassium iodide containing n/2-acetic acid. 
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When the logarithm of the titre was plotted against the time, straight lines were not obtained, 
almost all reactions showing a marked acceleration. This is illustrated by Fig. 1, which shows 
portions of three typical experiments. The 
velocity constants recorded were taken from the Fic. 1. 
initial slopes of these plots. The accelerating 
effect appeared to depend on the time rather 
than on the extent of the reaction, and the So 
initial slopes were therefore more difficult to Poa 
obtain in the slower reactions. A large number \ 
of titrations (not shown in Fig. 1) were therefore 
carried out near the beginning of the reaction, 
and the errors are probably not greater than 
+ 10% at the worst. 

Solutions of N-chloroacetanilide in chloro- 
benzene without the addition of any acid showed 
no change in titre after being kept at 100° for aN 
several days. 

Results.—In the following tables, c is the 
acid concentration in g.-mols. per 1000 g. of ’ 
solution, k the initial first-order velocity con- \ 
stant with decadic logarithms and the time in 0 40 30 720 
minutes, and k, the value of k/c extrapolated t, mins. 
to¢=0. In addition to the results recorded, 
attempts were made to study catalysis by trichloroacetic and phenylpropiolic acids, but in both 
cases the results were very erratic, possibly owing to slight decomposition of these acids at 100°. 


Ce 10 k. 104 k/c. c. 104 k. 104 k/c. c 104 k. 104 R/c. 
Dichloroacetic acid : o-Nitrobenzoic acid : Chloroacetic acid : 
104k, = 50. 104k, = 47. 10k, = 11. 
0-499 86 0-156 7-3 0-466 
0-360 0-116 0-244 
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5-0 3-0 
0-239 0-069 3-5 0-118 1-2 
2-2 1-5 


0-125 . 0-047 
0-097 
m-Nitrobenzoic acid : 
10k, = 2-6. Phenylacetic acid : 
0-430 2-9 6-7 1-043 4- 4-5 
0-316 6 5-0 0-929 3- 
0-194 : 5-1 0-695 2- 
’ 3-6 1- 


4-1 
3-0 
0-112 0-519 3- 


0 
40 1 
DISCUSSION. 


The General Catalytic Effect—The above data show clearly that the rearrangement of 
N-chloroacetanilide is catalysed by carboxylic acids at 100°, and that there is a general 
correlation between the strength of the acid and its catalytic power. In order to make a 
quantitative comparison we shall use the extrapolated values of k, given above. Their 
accuracy is low, partly because of the errors in the individual velocity constants, and partly 
because of the difficulty in extrapolating to infinite dilution. The collected values are 
given below, together with the dissociation constants (K) of the acids in water at 25°. 

Acid .......2..+..s0+0s0s0e2 Dichloroacetic p-Nitrobenzoic Chloroacetic m-Nitrobenzoic Phenylacetic 


he SO ee 5200 640 150 35 5-2 
BQ G .* saiinnd consopececcsins 50 47 11 2-6 2-1 


Fig. 2 shows a plot of log, k, against log,,K. It is seen that a relation of the type 
k, = GK* is approximately obeyed, the slope of the line drawn in the figure being 0-6. 
There is little information about the dissociation constants of acids in water at 100°, but 
it seems likely that their use would somewhat increase the value of x. 

It is of interest to consider together the results for the chloro-, bromo-, and iodo- 
anilides. A direct comparison of the rates is not possible, since in the first case the data 
are for 100°, and in the last two for 25°. However, we can make a rough estimate of the 
rate at 25° for N-chloroacetanilide by making an assumption about the energy of activation, 





1776 Acid Catalysis in Non-aqueous Solvents. Part VIII. 


With dichloroacetic acid as the catalyst E is 13,800 cals. for N-bromoacetanilide (Bell, 
Proc. Roy. Soc., 1934, A, 148, 377) and we shall take E = 18,000 cals. for the much slower 
reaction of N-chloroacetanilide. This gives the following figures for the three anilides at 25°. 
Anilide. #. Relative rate. 
N-CROCORCOMBTGS oo. c0n csc cccccccoeccecevssesce 0-6 1 
N-Bromoacetanilide ..............ccccccceseccccee 0-3 1 x 10° 
N-Todoformanilide — ..........essesesseesseceeees 0-2 4 x 105 

It is clear that the increase in rate is accompanied by a decrease in the exponent of 

the Brénsted relation. It is of interest to consider the bearing of this result on the inter- 

Fic. 2 pretation of proton-transfer reactions in 
ad terms of potential-energy curves (cf. 
| Polanyi and Horiuti, Acta Physicochim. 

Dichloroacetic U.R.S.S., 1935, 2, 505; Bell, Proc. Roy. 

° ° Soc., 1936, A, 154, 414). The decrease 
o-Nitrobenzon in x corresponds to a smaller angle of 
intersection for the two potential-energy 
curves representing the binding of the 
proton. A small change in x could be 
attributed to a relative displacement of 
the energy minima of the two curves 
without any change in their form, but 
the large changes observed in this series 
must be connected with a change in the 
shape of the potential-energy curve 
Om-Mitrobenzoic which represents the attachment of a 
proton to the anilide. Other evidence 
for this change of shape has already been 
brought forward (Bell and Lidwell, doc. 
cit.), and it may be noted that in the 
present case an increased proton affinity 
corresponds to a steeper potential-energy 
curve: this is in agreement with the general relation which exists between the force 
constants and binding energies of a series of similar links. 

The Autocatalytic Behaviour.—As has already been mentioned, the course of the re- 
actions was always strongly autocatalytic. The following additional observations are of 
assistance in interpreting this behaviour. (a) The addition of pure o- and #-chloroacet- 
anilide had no effect upon the initial rate, though it accentuated the accelerating effect. 
(6) When a solution in which the reaction had gone to completion (catalyst, dichloroacetic 
acid) was extracted with a small quantity of water, no chloride ion could be detected when 
silver nitrate was added to the extract; however, when the experiment was repeated 
with much more concentrated N-chloroacetanilide (M/2), chloride ion was detected. (c) 
In presence of approximately 10 n-hydrogen chloride in chlorobenzene, the rearrangement 
of N-chloroacetanilide takes place at 100° with a velocity constant of 1-7 x 10°, 1.<., 
faster than almost all of the other reactions measured. Hydrogen chloride of this con- 
centration could not be detected by extracting with water and testing with silver nitrate. 
(d@) No change can be detected if N-chloroacetanilide is heated to 100° with o- and 
p-chloroacetanilide in chlorobenzene solution without the addition of any catalyst. 

On the basis of these observations we suggest that the acceleration observed in the 
kinetic experiments is due to catalysis by very small amounts of hydrogen chloride formed 
by the slow reaction 

C.H,"NClAc + C,H,Cl-NHAc —+> C,H,NAc-NAc’C,H,Cl + HCl 
this action being itself catalysed by acids. The observed acceleration could be accounted 
for if less than 1% of the N-chloroacetanilide reacts in this way. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, August 10th, 1939.] 
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363. Acid—Base Catalysis in the Depolymerisation of Dimeric 
Glycollaldehyde. 


By R. P. Bett and J. P. H. Hirst. 


A new form of micro-dilatometer is described which operates with about 1 c.c. of 
liquid and is suitable for volume changes of 0-2cu.mm._ It has been used to study the 
kinetics of the depolymerisation of dimeric glycollaldehyde. The reaction is catalysed 
by both acids and bases, and in general resembles the corresponding reaction for 
dihydroxyacetone. 


It has been shown by Bell and Baughan (J., 1937, 1947) that the conversion of the dimeric 
form of dihydroxyacetone into the monomeric form is catalysed both by acids and by 
bases, its general behaviour being similar to that of the mutarotation of glucose. The 
present paper deals with the analogous reaction for the simplest hydroxy-aldehyde, the 
change being 


O< GH CH On} >0 —> 2CH,(OH)-CHO 
Earlier work has shown that the ordinary solid form of glycollaldehyde is the dimer (Fenton 
and Jackson, J., 1899, 75, 575) but that on dissolving in water it passes gradually into the 
monomeric form, this change being kinetically of the first order (McCleland, J., 1911, 
99,1827). The present investigation of catalytic behaviour showed that it was very similar 
to that of the more accessible dihydroxyacetone, and the reaction was therefore not studied 
in great detail. The new form of micro-dilatometer described may, however, be of service 
in other connexions. 
EXPERIMENTAL. 


Materials.—Glycollaldehyde was prepared by decarboxylation of dihydroxymaleic acid . 
(cf. Fischer and Taube, Per., 1927, 60, 1704). 40 G. of dehydrated acid were warmed at 30° 
with 100 g. of dry pyridine until frothing had ceased. The bulk of the pyridine was distilled 
off at 25—30°/8 mm. The temperature was then gradually raised to 150°, the pressure being 
maintained at 8 mm. and the receiver immersed in a freezing mixture. About 20 c.c. of liquid 
distilled over, and were freed from pyridine and water by being kept in a vacuum desiccator over 
sulphuric acid. After 3 weeks the product had solidified to a mass of white crystals, which 
were washed with ether and dried in air; yield 3-1 g., m. p. 87°, m. p. of 2: 4-dinitrophenyl- 
hydrazone 145°. Collatz and Neuberg (Biochem. Z., 1932, 155, 27) give m. p. values between 
76° and 96° for the aldehyde and 146—151° for the derivative. The product was free from the 
smell of pyridine and gave a neutral solution in water. 

The buffer solutions were prepared as for the measurements with dihydroxyacetone (Bell 
and Baughan, Joc. cit.), and the total salt concentration in the reaction mixtures: was adjusted 
to n/10 by the addition of sodium chloride when necessary. 

Measurement of Reaction Velocity.—The depolymerisation was again followed by a dilato- 
metric method, but on account of the difficulty and expense of preparing glycollaldehyde it 
was necessary to devise a method which could be used with about 1 c.c. of solution and 0-02 g. 
of substance. An ordinary dilatometer of this size would have to have a capillary of about 
0-005 sq. mm. cross-section, and would be prohibitively difficult to fill and clean. In the type 
adopted here (Fig. 1) the capillary is about 1 mm. in internal diameter except at the points 
A and B, where it is constricted to about 0-05 mm. The tip A is closed during an experiment, 
and a change of volume therefore causes movement of the meniscus at B. However, instead 
of observing this movement the meniscus is returned to a fixed point by deforming the bulb C, 
and the extent of the deformation necessary serves as a measure of the volume change. The 
upper part of the limb D is attached firmly to a metal plate, and the bulb deformed by lateral 
motion of the other limb: this is produced and measured by a micrometer screw motion mounted 
on the same metal plate and attached to E by a short silk thread. The fixed point for the 
meniscus at B is the cross-wires of a microscope focused on the capillary. 

The sensitivity of the apparatus depends, of course, largely on the shape and thickness of the 
bulb. In the present work a bulb was used which gave a volume change of about 0-2 cu. mm. 
for a movement of 1 mm. (measurable to 0-001 mm.) at E. Since a temperature change of 
0-01° corresponds to a volume change of 0-004 cu. mm., it is clear that the thermostat regulation 
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is the most important factor in determining the experimental accuracy. The part of the dilato- 
meter outside the thermostat was kept at an approximately constant temperature by the jacket 
F through which was circulated a current of air at thermostat temperature. The relation 
between the movement of E and the volume change was determined by filling the dilatometer 
with pure water and slowly varying the temperature of the thermostat. Fig. 2 gives a plot 
of the micrometer scale reading against the specific volume of water at the temperature in 
question. It will be seen that the relation is linear within the experimental error, so the micro- 
meter readings’can be used directly for determining first-order velocity constants. 
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A freshly prepared solution of glycollaldehyde underwent first a small expansion, followed 
by a much larger contraction, the latter being about 20 cu. mm. per g. of aldehyde. Two 
consecutive stages had also been observed in the depolymerisation of dihydroxyacetone (Bell 
and Baughan, Joc. cit.), and the preliminary expansion was in this case attributed to the attain- 
ment of temperature equilibrium following heat absorption on dissolving the solid. Experi- 
ment showed that this explanation was not feasible for glycollaldehyde, and it is probable that 
in both cases two consecutive chemical reactions are involved, possibly owing to the double 
fission of the ring, e.g., 


CH,°CH(OH) CH,°CHO : 

O<CH(OH) ‘CH. >0 —> 0<¢H{oH)-CH,OH — 2CH2(OH)-CHO 
In any case, comparison with the kinetic data of McCleland (oc. cit.), which were obtained by a 
cryoscopic method, shows that the second change is the one associated with the actual production 
of single molecules. It is noteworthy that this reaction involves an expansion with dihydroxy- 
acetone and a contraction with glycollaldehyde. This is probably due to the hydration of the 
aldehyde group, and it may be compared with the fact that in aqueous solution the conversion 
of diacetone alcohol into acetone is accompanied by an expansion (Koelichen, Z. physikal. Chem., 
1900, 33, 129), whereas the analogous conversion of aldol to acetaldehyde is accompanied by a 
contraction (Bell, J., 1937, 1637). 

It was found that the first volume change could be eliminated by preliminary treatment 
with 10“n-hydrochloric acid, in which the depolymerisation takes place very slowly. About 
0-02 g. of glycollaldehyde was weighed out, and 0-324 c.c. of acid added from the type of micro- 
pipette described by Bell and Burnett (Trans. Faraday Soc., 1939, 35, 474). After 15 minutes 
in the thermostat at 25°, 0-716 c.c. of catalysing solution was added by a second pipette, and the 
dilatometer filled by suction. The height of the meniscus at B was adjusted roughly by applying 
apiece of filter-paper at A; the dilatometer was then closed by forcing a small quantity of 
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vaselin into the capillary at A—this type of seal was entirely satisfactory, and will withstand a 
considerable pressure difference if necessary. Reliable readings could be obtained a few minutes 
after addition of the catalyst solution. 

With this procedure, the course of the reaction was consistently unimolecular, and the 
velocity constants were calculated by Guggenheim’s method (Phil. Mag., 1926, 2, 540). Table I 
gives the details of a typical experiment, the calculated readings being given by log,,Av = 
0-274—0-0123¢. It should be noted that a deviation of 0-01 mm. corresponds to a temperature 
variation of only 0-005°. 


Depolymerisation of Dimeric Glycollaldehyde. 


TABLE I. 


0-0104N-Glycollic acid + 0-0114N-sodium glycollate + 0-0886N-sodium chloride; A# = 30 minutes. 
Time, Ax, mm. Diff., Time, Ax, mm. Diff., Time, Ax, mm. Diff., 
i Obs. Calc. mm. mins. Obs. Calc. mm. mins. Obs. Calc. mm. 
1-38 1-38 0 20 1-06 1-07 +0-01 0-83 0-83 0 
1-34 1-34 0 21 1-04 1-04 0 0-81 0-80 —0-01 
1-30 129 —0-01 22 1-00 1-01 +0-01 0-78 
1-26 127 +0-01 23 0-98 0-98 0 ‘0-75 
1-24 123 —0-01 24 0-96 095 —O0-01 0-73 
1-19 1:20 +0-01 25 0-93 0-93 0 0-72 
1-15 116 +0-01 26 0-90 0-90 0 0-69 
0-88 —0-01 
0-85 —0-02 


1-12 1-13 +0-01 27 0-89 0-68 
1-07 110 +0-03 28 0-87 

Results.—In Table II, k is a first-order velocity constant in decadic logarithms and minutes, 
and the concentrations are in moles per litre of solution. 

The concentrations of hydrogen and hydroxyl ions in the buffer solutions are calculated as 
described in the previous paper (Bell and Baughan, Joc. cit.). The calculated values of & in a 
buffer solutiou containing an uncharged acid A and its anion B are based on the equation 

k = k’ + k,[A) + &s[B] 

kh! = hy + kyyot+[H30*] + kon-[OH™] 
For each buffer ratio k’ was obtained by graphical extrapolation to zero buffer concentration, 
and the calculated values of & are obtained from these values of k’ and the values of k, and 
kg given in Table III. The values of k’ agree to within about 10% with the equation 


k’ = 0-0073 + 4-76[H,O*] + 3-15 x 10°(OH-] 


TABLE II. 


0-78 0 

+0-01 

+0-01 
0 


+0-01 
0 


0-76 
0-74 
0-72 
0-70 
0-68 


Acetic acid. 

[CH,COO-]. 104 (obs.). 10k (calc.). 
[A]/{[B] = 4-706, [H,O+] = 1-3 x 10-, 
[OH-] = 1-2 x 10, 104k’ = 88. 
0-0209 134 140 
0-0367 182 178 
0-0477 195 206 
0-0633 239 244 
0-0719 274 266 
[A]/[B] = 0-961, [H,O+] = 3-8 x 10°, 

[OH-] = 4-2 x 10-19, 1042’ = 88. 


Trimethylacetic acid. 
[CMe,-COO-]. 104 (obs.). 104k (calc.). 
[A]/[B] = 1-705, [H,O+] = 2-4 x 10°, 
[OH-] = 6-7 x 10-*, 104k’ = 96. 
0-0239 138 
0-0355 158 
0-0479 180 


137 
158 
180 


(A) = 0-533, [H,O+] = 7-6 x 10+, 


H-) = 2-1 x 10°, 10¢k’ = 144. 
175 


. roe 
0-0198 
0-0406 
0-0552 
0-0798 


Glycollic acid. 


[CH,(OH)-COO-}. 
[A]/[B] = 6-63, [H,O+] = 1-55 x 10°, 
104k’ = 180. 


0-0275 
0-0580 
0-0770 


0-0114 
0-0239 
0-0462 
0-0601 
0-0601 


179 
187 
193 
230 
275 


10*k (obs.). 


263 
350 
426 


= 116 
123 
132 
144 
154 
148 


175 


209 
232 
271 


104% (calc.). 


263 
358 


420 
[A] /[B) = 1- ae =) fron) = 2:9 x 10+, 


123 
131 
145 
153 
153 


‘ 0159 
0-0318 
0-0510 
0-0703 


0-0156 
0-0517 
0-0707 


(HCl). 
0-0028 
0-0056 
0-0111 
0-0169 


118 
148 
185 
222 


117 
149 
183 
222 


Monochloroacetic acid. 

[CH,Cl-COO-]}. 

[A]/[B] = 0-860, [H,O+] = 1-85 x 10°, 
104k’ = 2 


104k (obs.). 104% (calc.). 


218 
253 
279 


222 
250 
281 
Hydrochloric acid. 
10*k (obs.). 
192 
343 
613 
914 


10*% (calc.). 
203 
334 
591 
862 
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DISCUSSION. 

The behaviour of glycollaldehyde is clearly qualitatively very similar to that of di- 
hydroxyacetone. A quantitative comparison is given in Table III, which contains the 
dissociation constants of the catalysts studied, together with their catalytic constants for 
the two depolymerisations. The columns headed I refer to that giving glycollaldehyde, 
and those headed II to that giving dihydroxyacetone. 


TABLE III. 


Acid catalysis. Basic catalysis. 





Catalyst. i 4 . Catalyst. 


ne 
0? CMe;° Ccoo- . 
> ; ‘ CH,-COO- .. 
CH,(OH) CO,H 1: 4- CH,(OH)- Ccoo- 
CH,CO,H . 1: . 
CMe,CO,H ... 9% 1-3 x 107 (Ho. w 5B . 4-6 Xx 10-5) 
It will be seen that glycollaldehyde is ae CE: more sensitive to acids and less 
sensitive to bases than is dihydroxyacetone. The value of k’ passes through a minimum at 
about [H,O*] = 10+, and at this point the velocity is only about 15% greater than the 
“spontaneous” rate ky due to catalysis by water molecules. The data are not sufficiently 
extensive or accurate “(especially for basic catalysis) to give much information about the 
relation between acid-base strength and catalytic power, but they are consistent with 
relations of the type due to Brénsted for both acid and basic catalysis, the same exponents 
as those found for dihydroxyacetone (0-4 and 0-8 respectively) being used. 


Our thanks are due to the Chemical Society for a grant. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, September 6th, 1939.] 





364. Relations between Electrostatic Potentials and Reaction Velocities. 
By H. O. JENKINs. 


In the alkaline hydrolysis of a series of benzoic esters, a linear relation has been 
discovered between the energy of activation and the electrostatic potential at the 
carbon atom to which the carbethoxy-group is attached. The slope of the line is 
approximately given by Ne, Faraday’s constant, where N is the Avogadro number, 
and e is the electronic charge, thus offering a real proof that the electrical interpreta- 
tion of the reaction is the correct one. Reactions are discussed in which the per- 
manent mesomeric effect is directly proportional to the inductive effect. 


THE general problem of the influence of substitution on reaction veloctity has received 
much attention. Since k = PZe-*’®? it is usual to analyse the velocity coefficient into 
its component parts PZ and E and attempt to correlate either of these with some property 
of the substituent. In the event that series of reactions exist with constant PZ or E, then 
log & is a legitimate function to use for correlation. It is probable that relations will be 
discovered if only one of the variables in the Arrhenius equation varies systematically. 

The first quantitative attempt to link the polarity of the substituent with changing 
velocity constant was made by Watson and his collaborators. (Mention should, however, 
be made of the work of Waters, J., 1933, 1551.) Evans (J., 1933, 890; Trans. Faraday Soc., 
1938, 34, 165) and Morgan and Watson (J., 1935, 1174), following on the work of Nathan 
and Watson (J., 1933, 890, 1248), found that, in three cases for series of m- and p-substituted 
benzene derivatives undergoing reaction, the expression E = E, — c(u + by?) held, where 
» was the electric dipole moment of the corresponding monosubstituted benzene. Again, 
since the non-exponential term of the Arrhenius equation did not vary seriously, this was 
equivalent to log k = log ky + y(u + xu”). This equation has the following limitations. 
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First, since electric dipole moments are vector quantities, it cannot be strictly correct to 
correlate simply the moment of the monosubstituted benzene derivative with the reaction 
velocity or energy of activation without taking account of distance or direction. Secondly, 
no attempt was made to deal with o-derivatives. 

Ingold and Nathan (J., 1936, 222) studied the bimolecular reaction between hydroxyl 
ion and substituted derivatives of ethyl benzoate and confined themselves to -compounds. 
Here, in contradistinction to Watson, Moelwyn-Hughes (Trans. Faraday Soc., 1938, 34, 94) 
believes that an approximate linear relation exists between E andy. It may be pointed 
out that the interpolation performed by the last author at that point of the graph where the 
substituent is hydrogen, gives, not the moment of the C,,—H link as 0-27 + 0-13, but this 
value for the moment of benzene. A novel method for calculating this moment has not 
been found. It should be’: remembered Fic. 1 
also that NH, and OCH, are inclined ee) 
groups. 

Brénsted and Pedersen (Z. phystkal. 
Chem., 1924, 108, 185) were the first to 
demonstrate that a relation existed 
between the rate constant of a base- 
catalysed reaction and the equilibrium 
constant of the base. Their equation 
was log k=xlogK+C. Hammett 
(J. Amer. Chem. Soc., 1937, 59, 96) has 
very largely extended this work and has 
generalised the relation to the equation 
log K = log K® + op, where K is a rate 
or equilibrium constant for a substituted 
reactant, K® the corresponding quantity 
for the unsubstituted compound, o a 
substituent constant, and p a reaction 
constant. Hammett’s equation holds 
for m- and #-derivatives only. It is 
believed that a substituent in the 
o-position exerts an influence whose 
governing laws and mechanism are 
entirely different from those concerned 
in the effect of more distant substituents. 
Recently, relations have been shown to ; : 
exist between the electrostatic potential 00. +01 
due to the substituent dipole, at the 
carbon atom to which a _ hydroxy-, 
amino-, or carboxy-group is attached, and the basicities or acidities of the correspond- 
ing phenols, anilines, or carboxylic acids (H. O. Jenkins, this vol., pp. 640, 1137). The 
normality of the strengths of some o-substituted anilines, phenols, and acids was 
demonstrated, and a proof given in the aniline and phenol series of the proportionality, 
as between one nuclear position and another, of the mesomeric to the inductive effect. On 
account of the Brénsted—Pedersen, Hammett, and Watson relations, it seems natural to 
seek for correlations between the electrostatic potential y = pu cos @/r? and some component 
of the Arrhenius equation. Typical reactions are considered. 

Alkaline Hydrolysis of Benzoic Esters.—The results of Ingold and Nathan (loc. cit.) in 
60% aqueous-alcoholic solution are given below, together with the calculated electrostatic 
potentials at the carbon atom to which the carbethoxy-group is attached. As in previous 
papers (H. O. Jenkins, Joc. cit.), y values have been obtained by using Pauling and Huggins’ 
table of interatomic distances (Z. Krist., 1934, 87, 205) and Brockway’s values (Ann. 
Reports, 1937, 34, 197); ® has in each case been calculated trigonometrically. The 
calculated potential is a constant, the same for every reaction. It will be seen that a plot of 
these results (Fig. 1) indicates that a linear relation exists between EZ and y which can be 
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expressed in the form E = a + by. Linearity would also be expected if a mesomeric effect 
were present proportional to the inductive effect (H. O. Jenkins, loc. cit.). An attempt has 
been made to deal with ethyl #-methoxybenzoate by special treatment. It is well known 
that in the hydrolysis and in determining the strength of the acid, the powerful mesomeric 
effect takes control. Now, if this effect can be calculated, its potential can be evaluated in 
an exactly similar manner. Groves and Sugden (J., 1937, 1995) have given a method for 
calculating uy, in anisole which acts through the plane of the benzene ring along the X axis. 
Using their nomenclature, we have p, = Uye + 1-45 with py, = — 0-40 and — 2-50. Taking 
the larger value, since clearly the mesomeric effect takes control, we have py, = — 1-05. 
This value can be used to calculate %, and since the dipole must be located, it is arbitrarily 
put at the oxygen atom. The C-O distance has been taken as 1-38 4. It is not claimed 
that great accuracy is achieved by this calculation, although it is seen the -methoxy-point 
falls on the same straight line as that given by the other compounds. 


p-Substituent ................. OCH, CH, H Br I NO, 
SE CERT) vccnspccncecesecceensess, . SEVEN 18,200 17,700 16,800 16,700 14,500 
DUD) decccvcccesenseccoscecesess. ae +0-040 +0-000 — 0-122 —0-103 — 0-339 
The slope of the line, when Napierian logarithms are used, is 10,500 x 2-3 x 4:2 x 10? x 
10? = 10-1 x 10% ergs/mol./abs. unit of potential. 
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This gives the decrease in activation energy per mole in ergs when a substituent is 
introduced which alters the electrostatic potential at the carbon atom to which the carbeth- 
oxy-group is attached, by one absolute unit of potential. Now the alkaline hydrolysis of an 
ester depends on the slow reaction 


R-CO,Et + OH- —> R ae 

, OEt 
which is facilitated by electron-attracting groups. The work done in bringing up 1 g.-mol. 
of hydroxyl ions through one absolute unit of potential is Ne (Faraday’s constant) where N 
is the Avogadro number and e is the electronic charge (4:77 x 107! e.s.u.). On evaluation 
we have Ne = 28-9 x 1078 ergs/mol./abs. unit potential. This is of the same order of 
magnitude as the experimental slope of the energy of activation—potential line, indicating 
that the change in the energy of activation is almost entirely accounted for by the work 
term in bringing up the hydroxyl ion against the dipole field. This is a real proof that the 
electrical interpretation of the reaction is the correct one. Fig. 2 shows similar plots for the 
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benzoylation of amines (Williams and Hinshelwood, J., 1934, 1079) and for quaternary 
ammonium salt formation (Laidler, J., 1938, 1786). In each case, a linear relation exists 
between E andy. o- and p-Compounds have not been included in the above correlations. 
The results of Timm and Hinshelwood (J., 1938, 862) for the acid hydrolysis of esters can be 
interpreted in a similar manner, since they found E,.i4 = «AE gipatine- 

Hydrion-catalysed Esterification of Substituted Benzoic Acids.—Hartman and Borders 
(J. Amer. Chem. Soc., 1937, 59, 2107) have studied the effects of polar groups on esterification 
velocities, and interpreted their results in the light of the Hammett relation without con- 
sidering the o-derivatives; E appears to be roughly constant in the halogeno-series, but an 
inspection of the velocities indicates that it is the inductive effect that matters, although no 
real proof of this has been offered. Doubt is sometimes cast on the polar mechanism of 
esterification in aliphatic series because the hydrion-catalysed esterifications of both tri- 
chloroacetic and trimethylacetic acids are slower than that of aceticacid. Ifwe assume that 
either PZ or E is constant, it is legitimate to plot log k,,. against % = y cos 0/r*, and this has 
been done for the chloro- and bromo-series in Fig. 3. It is clear that a linear relation exists 
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between log k,,. and % which extends to the o-acids, also indicating some small systematic 
variation of the probability factor or energy of activation with dipole potential. 

Reactions with Substituted Benzyl Chlorides —Bennett and Jones’s data (J., 1935, 1815) 
for the acid hydrolysis of chloro-substituted benzyl chlorides in 50% aqueous acetone, and 
for the reactions of the same compounds with potassium iodide are plotted in Fig.4. These 
two series of reactions are of opposed polar type or are reciprocal processes. The speed of 
the acid hydrolysis depends on the rate of elimination of a chlorine ion, and the speed of the 
potassium iodide reaction on the rate of attachment of a negative iodine ion to the benzyl 
chloride molecule (Bennett and Berry, loc. cit., and J., 1927, 1676). It is to be noticed that 
the o-compounds react quite normally. Since the slopes of the log k- lines should be 
proportional to the work gained or done in removing a chlorine ion or attaching an iodine 
ion against the dipole field of the substituent, they should be approximately the same in the 
two series of reactions: Fig. 4 shows that this expectation is obeyed. Bennett and Jones 
(loc. cit.) discerned the operation of the mesomeric effect in the hydrolytic reactions, and this 
permanent mesomeric effect is clearly seen in Fig. 4, where the linearity is obeyed only by 
o-, p-, and unsubstituted benzyl chlorides. This means that there is a direct proportionality 
of the mesomeric to the inductive effects, as between one nuclear position and another 
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(H. O. Jenkins, loc. cit.). This proportionality no doubt holds in many other reactions, and 
another instance is seen in the N-chlorination of acetobenzylamides (Williams, J., 1930, 37) 


(see Fig. 3). 
Fie. 4. 
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365. The Constitution of Purine Nucleosides. Part IX. Crotonoside. 
By RoDERICK FALCONER, J. MAssoN GULLAND, and LEONARD F. Story. 


Crotonoside, the nucleoside of the seeds of Croton tiglium L., is a d-riboside of iso- 
guanine. By measurements of ultra-violet absorption spectra it has been shown that 
the sugar occupies the 9-position of the purine and it has been confirmed that the 
aglycone is isoguanine. 


CHERBULIEZ and BERNHARD (Helv. Chim, Acta, 1932, 15, 464, 978) isolated from the seeds 
of Croton tiglium L. a nucleoside which they named crotonoside. This closely resembled 
guanosine ; hydrolysis with hot dilute sulphuric acid yielded d-ribose and an aminohydroxy- 
purine, which was isomeric with guanine and whose properties corresponded with those of 
tsoguanine, 2-hydroxy-6-aminopurine (Fischer, Ber., 1897, 30, 2245). The absence of a 
substituent at C, of the aglucone was shown by effecting coupling in alkaline solution 
with diazotised 2 : 4-dichloroaniline, and it was concluded that crotonoside was isoguanine- 
d-riboside. 

Spies and Drake (J. Amer. Chem. Soc., 1935, 57, 774) and Spies (bid., 1939, 61, 350) 
also have isolated crotonoside and confirmed its composition by the isolation of crystalline 
d-ribose and tsoguanine from the products of hydrolysis. 

The point of attachment of the ribose to the ssoguanine has now been determined by 
the method of comparison of the ultra-violet absorption spectra of nucleoside and methy!- 
purines which has been used in the case of other nucleosides (for literature see Gulland, J., 
1938, 1722; Falconer and Gulland, this vol., p. 1369). 
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Crotonoside was extracted from croton seeds by a simple method which avoided the 
long methyl alcohol extraction used by Cherbuliez and Bernhard. 

9-Methylisoguanine was prepared from 2: 6-dichloro-9-methylpurine (Gulland and 
Story, J., 1938, 692) through the stages 2-chloro-6-amino-9-methylpurine and 6-amino-2- 
ethoxy-9-methylpurine. 

7-Methylisoguanine could not be obtained from 2 : 6-dichloro-7-methylpurine (Fischer, 
Ber., 1897, 30, 2400) by a corresponding series of stages; an isomeric change occurred 
during the treatment of 2-chloro-6-amino-7-methylpurine (Fischer, Ber., 1898, 31, 117) 
with sodium ethoxide and 7-methylguanine was formed. Fischer (Ber., 1898, 31, 542; 
1899, 32, 480) observed this isomeric change, and we have confirmed that it takes place 
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Fic. 1.—Deaminated crotonoside (? xanthosine), M/40,000-solution. A,N/20-HC1; B, water; C, n/20-NaOH. 
Fic. 2.—Xanthosine, ex guanosine, m/40,000-solution. A, N/20-HC1; B, water; C, N/20-NaOH. 

Fic. 3.—Crotonoside, M/50,000-solution. A, N/20-HCl; B, water ; C, n/20-NaOH. 

Fic. 4.—9-Methylisoguanine, m/50,000-solution. A, N/20-HCl1; B, water ; C, N/20-NaOH. 

by showing that the product of the action of alcoholic sodium ethoxide (from 99-8% 
alcohol) on 2-chloro-6-amino-7-methylpurine contained no ethoxy] (Zeisel), and by measur- 
ing the ultra-violet absorption spectra of this product, which were identical with those of 
authentic 7-methylguanine (Gulland and Story, J., 1938, 692). 

Since 7-methylisoguanine could not be obtained, crotonoside was deaminated with 
nitrous acid, and the ultra-violet absorption spectra of the deaminated product in acid, 
alkaline, and neutral aqueous media were compared with the corresponding spectra of 
xanthosine prepared by deamination of guanosine, in which the ribose has been -hown to be 
attached to the 9-position of the purine (Gulland, Holiday, and Macrae, J., 1934, 1639; 
Gulland and Story, J., 1938, 692). The ultra-violet absorption spectra of the deaminated 
crotonoside (Fig. 1) are identical with those of authentic xanthosine (Fig. 2) and it was 
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therefore concluded that the deaminated crotonoside, and consequently crotonoside itself, 
4 have the sugar in the 9-position (I), the furanose 
N=(-NH, structure of the sugar being assumed to be the 
O ke CH more probable in view of the identity of the 
NHC— SCH: -CH-CH + optical rotations of crotonoside and guanosine 
(I.) re parse, a er on one hand and of deaminated crotonoside and 

cd xanthosine on the other. 
Comparisons of the ultra-violet absorption spectra of crotonoside (Fig. 3), 9-methyl- 
tsoguanine (Fig. 4), and guanosine (Gulland and Story, J., 1938, 692) confirm that croton- 
oside is a 9-substituted derivative, that it is not identical with guanosine, and that its 


aglycone is #soguanine. 





EXPERIMENTAL. 


Isolation of Crotonoside.—Finely ground, unshelled croton seeds (500 g.) were extracted 
twice with hot water (3 1. and 2 1.) at 80° for 20 minutes, and the extracts filtered whilst still 
hot. Neutral lead acetate (20% solution) was added to the combined filtrates until no further 
precipitation occurred, and the precipitate was removed and rejected. To the filtrate, neutral 
lead acetate solution and 5N-ammonia were added until precipitation was complete; when 
the precipitate had settled, the supernatant liquid was decanted, and the precipitate centrifuged 
and washed thoroughly with water. It was suspended in hot water (1 1.) and decomposed with 
hydrogen sulphide, and the lead sulphide filtered off. The filtrate was concentrated to about 
50 c.c. under reduced pressure below 50° and left in the refrigerator for 24 hours. The pre- 
cipitate which had separated was collected and recrystallised twice from hot water (norit). 
Crotonoside (0-53 g.) formed colourless needles, m. p. 243—245° (decomp.), which were insoluble 
in the usual organic solvents but dissolved readily in dilute alkalis and mineral acids and gave 
a strong pentose reaction (Found in material dried at 110° in a vacuum over phosphoric oxide : 
N, 24-6; amino-N, 4-4. Calc. for C,H,,0;N,;: N, 24:7; amino-N, 49%). It had [«]?” 
— 60-2° in 0-1n-sodium hydroxide (c = 1-035). Guanosine has [a]?” — 60-52° (Levene and 
Jacobs, Ber., 1909, 42, 2472). 

The picrate, prepared in aqueous solution, formed yellow needles, m. p. 210—215° (decomp.) ; 
Cherbuliez and Bernhard record 210° (decomp.). . 

Deamination of Crotonoside.—A solution of crotonoside (0-4 g.) in warm 30% aqueous 
sodium nitrite (10 c.c.) was cooled to room temperature and mixed with glacial acetic acid 
(3 c.c.). After remaining at room temperature for 30 minutes, the mixture was warmed for 
10 minutes at 60° and cooled, and 20% lead acetate solution and 5N-ammonia were added until 
precipitation ceased. The precipitate was centrifuged, washed with water, suspended in hot 
water (250 c.c.), and decomposed with hydrogen sulphide. The lead sulphide was collected 
and washed with hot water, and the filtrate was concentrated to about 5 c.c. under reduced 
pressure at 50° and left in the refrigerator. The precipitate was collected and twice recrystallised 
(norit) from hot water. Deaminated crotonoside (? xanthosine) (0-21 g.) formed needles which 
did not melt and gave a strong pentose reaction (Found in material dried at 110° in a vacuum 
over phosphoric oxide : N, 19-7. Calc. for C,gH,,0,N,: N,19-7%). InwN/10-sodium hydroxide 
(c = 1-029) it had [«]#*” — 51-2°. Authentic xanthosine has [a]? — 51-2° (Levene and Jacobs, 
Ber., 1910, 43, 3163). 

2-Chloro-6-amino-9-methylpurine.—One part of 2: 6-dichloro-9-methylpurine (Gulland and 
Story, J., 1938, 692) was heated with 40 parts of dry alcoholic ammonia (half-saturated at 20°) 
for 3 hours in a sealed tube at 85—90°. The contents of the tube were evaporated to dryness, 
and ammonium chloride extracted from the solid with warm water. The residue was dissolved 
in dilute hydrochloric acid (norit) and reprecipitated with ammonia. 2-Chloro-6-amino-9- 
methylpurine formed colourless needles (Found: N, 37-8. C,H,N,Cl requires N, 38-1%). 

6-A mino-2-ethoxy-9-methylpurine.—Sodium (1-0 g.) was dissolved in absolute alcohol (20 
c.c.), chloroaminomethylpurine (1-0 g.) added, and the mixture heated for 3 hours in a sealed 
tube at 130°. The alcohol was distilled off, the residue dissolved in a little water, and the 
ethoxy-compound, m. p. 252—254° (decomp.), precipitated with an excess of acetic acid. When 
allowed to separate from alcohol, it formed a gelatinous mass which became micro-crystalline 
when stirred (Found: N, 36-0. C,H,,ON, requires N, 36-3%). It was readily soluble in hot 
alcohol but only slightly soluble in water and benzene. 

9-Methylisoguanine.—An excess of phosphonium iodide was added to the ethoxy-compound 
in 10 parts of hydriodic acid (d 1-95). The mixture was shaken at 30—40° until the initial 
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rapid reaction had ceased and then heated to boiling and evaporated to dryness on the water- 
bath. The residue was dissolved in water, and the base precipitated with ammonia and purified 
by conversion into the sulphate; a solution in boiling 10% sulphuric acid was cooled, and the 
sulphate crystallised in minute rectangular plates. When these were dissolved in boiling water 
and the solution was made alkaline with ammonia and cooled, 9-methylisoguanine separated 
in a semigelatinous condition; it became micro-crystalline on standing (Found: N, 41:8. 
C,H,ON, requires N, 42-4%). 

Absorption Spectva.—Measurements were made with a Bellingham and Stanley quartz 
spectrograph No. 2 and photometer, the light source being a condensed spark between tungsten- 
steel electrodes. The solutions, prepared from dried materials and made to the concentrations 
recorded on the Figs., were examined immediately in a layer thickness of 4 cm. against controls. 


We are grateful to Mr. S. A. Berridge for preparing a specimen of crotonoside by the method 
of Cherbuliez and Bernhard, and to Mr. J. W. Albans for assistance. 


UNIVERSITY COLLEGE, NOTTINGHAM. [Received, September 15th, 1939.] 





366. The Cyclic Methyleneimines. Part II. Hydrolysis of Quaternary 
Compounds and Preparation of Aliphatic Secondary Amines. 


By RayMOND BLUNDELL and JOHN GRAYMORE. 


NN'‘N"-Trimethyltrimethylenetriamine combines readily with n-alkyl iodides to 
give quaternary compounds, although where the reaction is slow the product is 
admixed with di-iodides of the base. Secondary amines may be prepared in moderate 
yield from the quaternary compounds by a modification of the method previously used. 
Ethyl, butyl, and propyl chlorides do not appear to form quaternary compounds with the 
base. 


In Part I (J., 1938, 1311) it was shown that NN’N”-triethyltrimethylenetriamine forms 
quaternary derivatives (I) which are readily hydrolysed in aqueous solution to give, after 
addition of alkali, a mixture of the original cyclic methyleneimine (II) and the condensation 
product of a secondary amine with formaldehyde (III). 


NEtR}I NEt 


\ » R R 
(i, CH, i, CH, ep NCHENC 


EtN NEt EtN NEt 


Nit, Nf, 


(I.) (II.) (III.) 


The method is not of general application, because (a) in some cases the boiling points of the 
two products of hydrolysis lie too close for separation to be readily effected and (6) tri- 
methyltrimethylenetriamine forms a troublesome addition compound with sodium iodide 
which separates in the presence of sodium hydroxide. In the present experiments, which 
are concerned with the trimethyl base, the formaldehyde was driven off subsequent to 
hydrolysis and the resultant methylamine separated from the secondary amine by means 
of the insolubility of its hydrochloride in chloroform. 

Although -alkyl iodides react readily in the cold with the cyclic base, the rate of for- 
mation of the quaternary compounds diminishes with increasing molecular weight. Ethyl 
iodide combines immediately with great vigour, and if the mixture gets warm the only 
solid product isolated is the di-iodide of the cyclic methyleneimine (I, R =I); under 
such conditions the quaternary derivative decomposes. m-Butyl iodide reacts very slowly 
with no apparent development of heat, the iodine content of the product indicating that 
the quaternary derivative is in all probability admixed with the di-iodide of the base. 
Thus it appears that the base, like trimethylamine, promotes the separation of iodine from 
the alkyl halide. isoPropyl iodide, not unexpectedly, gave a very small yield; attempts to 
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improve it by refluxing on the water-bath produced oils with a high iodine content. This 


is without doubt due to the formation of di- and tetra-iodides. Ethyl, »-propyl and 
n-butyl chlorides do not combine. Secondary amines could be obtained in moderate yield 
from the ethiodide, the propiodide and the butiodide. 


EXPERIMENTAL. 


NN’'N"-Trimethyltrimethylenetriamine was prepared by condensation of methylamine 
(33%) with formaldehyde (40%). The alkyl iodides were redistilled from phosphoric oxide 
and stored over mercury until required. Further quantities of the base were prepared from the 
methylamine hydrochloride recovered in the initial experiments. 

NN‘N”-Trimethylirimethylenetriamine Ethiodide—To 10 c.c. (9 g.) of the base, dried and 
redistilled from barium oxide and cooled in ice—-salt, ethyl iodide (6 c.c.) was gradually added. 
After 12 hours, a portion of the solid white product was washed with dry ether and dried between 
porous sheets, giving a white crystalline ethiodide, m. p. 72° (decomp.) (Found: I, 44-3. 
C,H,,N,I requires I, 44-6%). 

Hydrolysis of the ethiodide. A solution of the remainder of the ethiodide in hydrochloric 
acid was separated from unchanged iodide, steam-distilled to remove formaldehyde, evaporated 
to small bulk on the water-bath, and distilled after addition of sodium hydroxide. The distillate 
was collected in hydrochloric acid, and the solution evaporated on the water-bath to incipient 
crystallisation; after rapid cooling, the crystals were removed and washed with warm chloro- 
form, and the undissolved methylamine hydrochloride filtered off. The original mother-liquor, 
evaporated further, was thus gradually separated into a chloroform solution and a residue of 
methylamine hydrochloride (10 g.), m. p. and mixed m. p. 226°. The chloroform extract, 
evaporated on the water-bath, gave a deliquescent solid melting indefinitely at 120°. Purifi- 
cation was effected by conversion into the nitrosoamine, which after decomposition yielded 
methylethylamine hydrochloride (3-5 g.), m. p. 124° (Found: Cl, 37-1. Calc. for C;H,N,HC1: 
Cl, 37-2%). 

NN’‘N”’-Trimethylirimethylenetriamine n-Propiodide.—The base (19—20 g.) was cooled in 
ice-water, and n-propyl iodide (25 g.) added during 1 hour. The mixture was kept for 2 days 
in the dark, the n-propiodide separating in small white needles. A portion, washed with dry 
ether and rapidly dried, had m. p. 105° (decomp.) after sintering at 100° (Found: I, 42-5. 
C,H,,N,I requires I, 42-5%). 

Hydrolysis. This was carried out, and the mixed amines collected and separated, as in the 
previous experiment. The yield of methylamine hydrochloride was 20 g. The chloroform 
solution was evaporated, water added to the residue, and the solution boiled to remove the last 
trace of chloroform (this was essential if the presence of isocyanide in the final product was to be 
avoided). The aqueous solution was evaporated on the water-bath, the residual deliquescent 
mass treated with an excess of concentrated sodium hydroxide solution with cooling, and the 
secondary amine distilled into a receiver containing anhydrous barium oxide; after several 
hours, distillation gave methyl-n-propylamine (8 g.), b. p. 62—65°, which was identified by its 
hydrochloride, m. p. 140° (Found: Cl, 32-3. Calc, for CjgH,,N,HCl: Cl, 32-4%). The base 
reacted with a saturated alcoholic solution of 2: 4-dinitrochlorobenzene to give 2: 4-dini- 
trophenylmethyl-n-propylamine in orange needles, m. p. 72—73° (Found: N, 17:3. C,9H,;0,N; 
requires N, 17-6%). 

Methylenebismethyl-n-propylamine.—-Formaldehyde (3 c.c. of 40%) was added to methyl-n- 
propylamine hydrochloride (5 g.) dissolved in water, and the mixture made alkaline by the 
gradual addition of aqueous sodium hydroxide. On addition of solid sodium hydroxide with 
cooling, an oily layer separated, which was extracted with ether, dried over barium oxide, and 
distilled, giving methylenebismethyl-n-propylamine (3 c.c.), b. p. 170—171°, dj%° 0-795 (Found : 
N, 17-8; M, by vapour density, 146. C,H,,N, requires N, 17-7%; M, 158). Hydrolysis with 
dilute hydrochloric acid gave formaldehyde and methyl-n-propylamine hydrochloride, m. p. 
140° (2: 4-dinitrophenylmethyl-n-propylamine, m. p. and mixed m. p. 72—73°). 

NN’'N”’-Trimethyltrimethylenetriamine—sodium iodide, obtained in white needles by the addition 
of a saturated aqueous solution of sodium iodide to the base, was soluble in water and separated 
on the addition of concentrated sodium hydroxide solution (Found: I, 45-5. C,H,,;N;,Nal 
requires I, 45-5%). 

NN’‘N”-Trimethyltrimethylenetriamine n-Butiodide.—The base (22 c.c.) was added to redistilled 
n-butyl iodide (18 c.c.). Crystals began to separate after a few hours. A portion of the 
n-butiodide was extracted, washed with dry ether, and dried; m. p. 123—125° (decomp.) (Found : 
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I, 41-6. C,,H,,N,I requires I, 40-6%). Samples taken at later intervals showed increased 
iodine content. After being kept in the dark for 3 days, the mixture became practically solid. 

Hydrolysis. (a) A solution of the solid in water was acidified with hydrochloric acid and 
evaporated on the water-bath with frequent addition of water. Oily drops separated as water 
was added in the early stages. The last traces of formaldehyde were removed very slowly. 
Methylamine hydrochloride (21—22 g.) was separated from the mixed hydrochlorides as before. 
Evaporation of the chloroform solution yielded crude methyl-n-butylamine hydrochloride 
(13 g.), m. p. 165—173°. The hydrochloride was decomposed with concentrated sodium 
hydroxide solution, and the base distilled on to barium oxide and redistilled, giving a liquid 
(9 c.c.), b. p. 86—97°. This was shown to be a mixture of methyl-v-butylamine with some 
dimethyl-n-butylamine by conversion of the former into its nitrosoamine, b. p. 195—198° 
(Found : N, 24:3. Calc. forC;H,,ON,: N, 24-1%), and distillation of the residue from sodium 
hydroxide into hydrochloric acid. Evaporation yielded a small quantity of solid, m. p. 183— 
185° (Found: Cl, 25-5. C,H,,N,HCl requires Cl, 25-8%). The base obtained from this 
hydrochloride and concentrated sodium hydroxide solution was distilled into an alcoholic 
solution of picric acid; dimethyl-n-butylamine picrate separated in needles, m. p. 99-5—100-5° 
(Found: N, 17-1. C,H,,;N,C,H,O,N, requires N, 17-0%). 

(6) The method was similar to (a) save that the quaternary iodide was dissolved in excess of 
hydrochloric acid and steam-distilled to remove formaldehyde (about 5 hrs.). Separation gave 
a pure sample of methyl-n-butylamine hydrochloride, m. p. 171° (Found: Cl, 28-5. C,;H,,;N,HCl 
requires Cl, 28-7%). Methyl-n-butylamine, b. p. 90—92°, was recovered by addition of sodium 
hydroxide, distillation on to barium oxide, and redistillation. Yield, 7 c.c. (approx. 40%). 
When a slight excess of this base was added to an aqueous alcoholic solution of 2 : 4-dinitro- 
chlorobenzene, and the solution allowed to evaporate, golden needles of 2 : 4-dinitrophenyl- 
methyl-n-butylamine, m. p. 81°, separated slowly (Found: N, 16-7. C,,;H,,0O,N, requires 
N, 16-6%). 

NN‘N”’-Trimethylirimethylenetriamine di-iodide was obtained by addition of the base in chloro- 
form to iodine in chloroform until the colour of the latter was discharged. The di-iodide was 
deposited in white crystals on the addition of ethyl acetate; m. p. 162° (Found: I, 66-1. 
C,H,,N,I, requires I, 66-3%). 

n-Butyl chloride and u-propyl chloride did not give any quaternary derivative. 


Thanks are expressed to the Chemical Society for a grant to one of us (J. G.). 


STOCKPORT COLLEGE. [Received, July 15th, 1939.] 





367. The Polarisations and Related Data of Optically Active and 
Racemic 8-Octanol. 


By J. B. M. Coppock and F. R. Goss. 


Determinations of the density, dielectric constant, molecular polarisation, and 
partial polarisation in benzene solution of d-, /-, and dj-8-octanol reveal no difference 
between the active and the racemic forms. These results are in agreement with the 
view that di-8-octanol is simply a racemic mixture. 

It is shown that the hygroscopic nature of the carbinol leads to anomalous results for 
the moist material, and the need for the careful exclusion of water in the measurements 
described is emphasised. 

The apparent dipole moment of 8-octanol in benzene solution is 1-66 pD. 


ALTHOUGH considerable evidence has accumulated to show that in many cases dl-liquids 
and non-aqueous solutions are liquid mixtures and not compounds there are still conflicting 
results and conclusions (Stewart, “‘ Stereochemistry,” 2nd Edition, 1919, 29; Cotton, 
Trans. Faraday Soc., 1930, 26, 377). Evidence in favour of the above view for many 
substances including 8-octanol has been obtained by Thole (J., 1913, 108, 19) from viscosity 
measurements and by Smith (J., 1914, 105, 1703) from density and molecular surface 


energy determinations. 
Dielectric-constant measurements made by Stewart (J., 1908, 98, 1059) on active ethyl 
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tartrate and the corresponding racemate, and on d-, J-, and di-camphene showed no 
difference in « between the active and inactive forms. Weissberger and Sangewald (Z. 
physikal. Chem., 1931, B, 18, 383) compared the dielectric polarisations of the d- and dl- 
methyl esters of tartaric and mandelic acids in dilute benzene solution with similar results. 
It was thought advisable therefore to study the polarisations of active and inactive 
8-octanol over a complete range of concentrations in benzene solution. The pure materials 
were very kindly placed at our disposal by Dr. J. Kenyon, F.R.S. 

Considerable differences were found in the recorded densities of d-, /-, and d/-8-octanol ; 
although these might be due to the difficulty in preparing the pure materials, it was also 
possible that the hygroscopic nature of such substances (Thole, Joc. cit.) might be an 
important factor. Density and dielectric-constant measurements were made under various 
conditions and the effect of moisture may be judged from the results given in Tables I 
and II. The effect on the dielectric constant measurements is pronounced, producing an 


TABLE I. 
Values of 4%” for 6-octanol. 
Observer. d-. l-. dl-. Observer. d-. l-. dl-. 

Pickard and Kenyon?! 0-8221 -— -- Coppock and Goss* 0-8201 0-8208 0-8205 

ae Ps 2 0-8214 — - » 7 08203 0-8208 0-8205 
DOMES cvextvescqsecessei — 0- 8193 ‘ pes 8 0-8202 0-8201 0-8204 
Sait © 2.0 isecoccccssccce 0- 8185 0-8199 0-8199 »” ” " —_ — 0-8209 
DNGhes ® c..ccccccccesccess 0-8201 —_ 


TABLE II. 
e values for d-, /-, and dl-$-octanol at 20°. 
Condition. d-. L-. dl-. 
Watinies canw eetelis Cb BBO ® . crctcecices nee den sdtens tgasencentecindcere sesinys cep scenes) Fe 7-816 8-120 
After ca. 6 months’ keeping’ ... 7-921 7-523 7-786 


The same day as distillation with special precautions ‘to exclude moisture ® 8-157 8-174 8-173 
Specimen of (8) with 0-20% water added $0 sée cecccececcssvebces _ — 7-982 

1 J., 1907, 91, 2058. 2 J., 1911, 99, 45. 3 Annalen, 1880, », 208, 28. 4 jJ., 1914, 105, 1703. 
5 M.Sc. Thesis, London University, 1923. 8, 7,8, ® Conditions as described in Table II. 


unexpected decrease in e values. By using carefully distilled materials so that water 
vapour is excluded, no difference was found in density and dielectric constant between the 
active and inactive forms. Similarly as M, d, and « are all the same, it is clear that the 
molecular polarisation must be the same in each case. These results are in agreement with 
the view that inactive 6-octanol is a racemic mixture and not a compound. The accuracy 
of the ¢ values is about + 0-01, as is shown by the constancy in the values for the same 
specimen of n-propyl iodide taken at intervals over the period covered by the other readings ; 
viz.: Oct. 1938, 7-018; Dec. 1938, 7-017; March 1939, 7-004. 

An explanation of the decrease in dielectric constant produced by slight wetting of the 
carbinol is that it may be due to water acting as a diluent when present in small amounts. 
By virtue of its high dielectric constant it has the effect of separating the B-octanol molecules, 
producing a fall in e for the moist material; hence on addition of 0-20% of water, the 
density of the pure d/-8-octanol should increase by 0-0004, 7.¢., from 0-8204 to 0-8208 (found 
0-8209), but whereas the ratio of densities for water and $-octanol is approximately unity, 
that of the dielectric constants is 80/8 and the decrease in « for the carbinol would be 
magnified some ten-times, 7.¢., it would be approximately 2% less, as was actually found. 
That the effect is real is clearly shown by the fact that it is associated with a fall in 
polarisation of 1-11 c.c., which is much greater than the value 0-19 c.c. calculated on the 
basis of a linear mixture relationship. Consequently, the polarisation—concentration curve 
for 6-octanol-water mixtures is concave to the concentration axis for low concentrations 
of water. Such curves for mixtures of non-hydroxylic substances are, as far as data are 
available, invariably convex to the concentration axis (Goss, J., 1937, 1915). Mixtures 
containing hydroxylic substances appear to have a concave portion, as exemplified in the 
B-octanol—benzene curve (see Fig.), and this concave portion passes by inflexion to a 
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convex curve for low concentrations of the carbinol. In consequence, the partial 
polarisations of f-octanol obtained as previously described (loc. cit.) when plotted against 
molar concentration exhibit an apparent discontinuity at c, = 0-18 corresponding to the 
inflexion. It is realised that this inflexion may not be discontinuous as we are dealing with 
a solution property, but in some cases polarisation curves of mixtures appear to exhibit 
sharp discontinuities (Hrynakowski and Jeske, Ber., 1938, 71, 1415). 


Mixture of B-octanol and benzene at 20°. 












































~ mm 
oT 
100 > 10 
eS, 7 
“s.9.47 
‘ Pa | 
275) 8 
3/9 va . 
Ss / 
rey * 
S "' ® 
~ ,. A 
~s 
4 
4 
Da 
7 
25 a 410 
ati 
wae 
ae ee o 9 
0 . ‘ 2 08 
0 02 04. 0-6 08 10 
Concentration of 8-octanol, co. 
— — — — Partial polarisation of B-octanol, Peg. 
Polarisation of the mixture, P39. 
meee Dielectric constant of mixture. 
meemes — Density of mixture. 
x d-B-Octanol.  1-B-Octanol. O dl-8-Octanol. 


The partial polarisations of d-, /-, and dl-B-octanol are found to be identical, further 
emphasising that such solutions are liquid mixtures. They are used to calculate the 
dipole moment from the values P,, = 101 (see Table III) and [Rz]p = 40-71 (Calc. from 
Eisenlohr’s atomic refractivities : 40-67), whence Pg,, = 42-7 and the apparent dipole 
moment in benzene solution = 1-66 p. The true moment of alcohols is known to be lower 
than that given by the benzene solution method, and an attempt will be made to determine 
the solvent effect in this case. 


EXPERIMENTAL. 


Density, dielectric constant, and temperature were measured as previously described (Goss, 
J., 1933, 1343; 1935, 730) except that the capacities were measured in condensers of the Sayce— 
Briscoe type, silvered as described by Sugden (J., 1933, 768). 

Preparation of Materials.—d- and 1-8-Octanol had b. p. 86°/20 mm., and the dil-isomeride 
had b. p. 93°/26 mm. The active alcohols had the following specific rotations (not previously 
recorded) at 20° : 

d-Alcohol. l-Alcohol. 


Ree ioecicees cba che ses, Ce 5780 5461 4358 5893 5780 5461 4358 
[a] ...sceccceceeseeee $+ 991° +10-38° +11-64° +19-2° —9-72° —10-09° —11-48° —19-2° 
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Readings were taken after a special distillation, in which the three forms of the carbinol in an 
all-glass vacuum-distillation apparatus with ungreased joints were kept just below the b. p. 
until all moisture had been removed, the condenser and receiver being then dried out, warmed, 
} and the distillation then carried out in the usual manner. The d-carbinol had ad?" 0-8202, and 
E the /-carbinol 4%” 0-8201; all three carbinols had n?” 1-4264. Dickes (Joc. cit.) gives d?° 0-8201, 
' n° |-4262 for the /-carbinol, and the equation representing the refractive dispersion as 
| n® = 1-6931 + 0-31322/(22 — 0-0283). 

Benzene.—A “‘ B.D.H. extra pure ”’ sample was dried over phosphoric oxide and fractionally 











; distilled, the middle fraction being used for the measurements. 
i Results —The experimental data and the polarisations (P,,) at mol.-fractions c, and partial 







polarisations (Pg,) calculated therefrom are recorded in Table III. 








TABLE III. 











dl-8-Octanol in benzene at 20°. 

‘ Ce a", <2, Py. Pas. Ee a", «20, Pw» Pas. 

i 0 0-8785 2-2813 26-60 101(P,,)  0-15966  0-8605 2-790 37-51 92 
0-01387  0-8770 2-3308 27-61 100 0-253932 0-8526 3-068 43-71 96 

| 0-024201 0-8755  2-3670 2836 99 0-36130 08451 3-455 51-60 102 

0-02938  0-8749  2-3867 28-76 99 0-62086 0-8319 4815 74-30 110 

0-03294 0-8739  2-3977 29-02 98 1-0 0-8204 8173 111-88 112 
0-07302 08695 25305 31-81 





The points (1) for d-8-octanol and (2) for /-8-octanol lie on the same curve as those for the 
dl-octanol (see Fig.). 
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368. Decomposition Reactions of the Aromatic Diazo-compounds. Part 
VII. Some Reactions of Diazonium Chlorides with Esters and Nitriles. 


f By W. E. Hansy and Wiii1am A. WATERS. 







Solid diazonium chlorides have been decomposed under a number of esters and 
nitriles both with and without the addition of metals. In all cases the reactions 
ArN,Cl——> ArH and ArN,Cl——> ArCl occur, but the chief product is a complex 
black tar. 

On decomposition in acetonitrile, diazonium chlorides also yield small quantities 
of the corresponding acetarylamides, Ar-NH-CO-CH;, and traces of the ketone 
Ar-CO-CH, may also be formed. These reactions seem to indicate that addition to 
the cyano-group can occur. 

Acetaldehyde is invariably formed if diethyl ether is present in the reaction 
mixtures, but higher ethers appear to be inert solvents. 

All these reactions are consistent with the view that a certain amount of decom- 
position of the diazonium chloride to neutral radicals can occur in these solvents. 
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Decompositions of Diazonium Chlorides in Esters—The reactions between diazonium 
chlorides and esters, of which examples have been given in Parts II and IV (J., 1937, 2007 ; 
1938, 843) have now been examined in greater detail, both benzenediazonium and #-chloro- 
benzenediazonium chloride being used with a number of aliphatic esters. By varying 
independently both the alkyl and the acyl group of the ester, it was found that the decom- 
position of diazonium chlorides proceeds less and less readily as one ascends a homologous 
series, and also that attack on the diazonium chloride by metals such as zinc or antimony 
becomes less evident. With methyl, ethyl, and m-propyl acetates, it has been shown that 
the reactions ArN,Cl—-> ArH and ArN,Cl —-> ArCl both occur to a total of about 5%, 
but the yield of hydrocarbon rapidly becomes less as one ascends the homologous series of 
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acetates, and with amyl acetate as solvent the reaction is exactly similar to that occurring 
in an inert paraffin solvent. 

The oxidation of an ester to an aldehyde by the action of a diazonium chloride has already 
been reported (loc. cit.), and it has been suggested (Part IV, loc. cit.) that the reactions 
Cl- + R-CH,°O-CO-CH, —> R-CHCI-0-CO-CH, and R-CHCl-0-CO-CH; + H,O— > 
R-CHO + HCl + HO-CO-CH, may occur, but this reaction mechanism has not been 
fully substantiated by the present experiments, since in most cases only a very small 
quantity of the aldehyde R-CHO can be obtained from the ester R-CH,*O-CO-CHs, and it 
has not been possible to isolate any «-chloro-esters. When methyl acetate was used, the 
formation of formaldehyde could not be proved; ethyl acetate certainly gave acetaldehyde, 
but -propyl acetate and formate yielded only traces of propaldehyde. 

In nearly every experiment, acetaldehyde was both detected and characterised: it 
must evidently result from a constant component of the reaction mixtures, and it is con- 
cluded that the acetaldehyde is formed from the diethyl ether used to precipitate and wash 
the solid diazonium chloride, since, when the chloride was subsequently thoroughly washed 
with the solvent used for the decomposition, acetaldehyde was not produced except from 
reactions in ethyl acetate. This production of acetaldehyde was also noticed in decom- 
positions of diazonium chlorides in acetonitrile (see below). 

The formation of acetaldehyde from diethyl ether by its interaction with the primary 
decomposition products of diazonium chlorides is in accordance with its formation upon 
the decomposition of both benzenediazoacetate (Grieve and Hey, J., 1934, 1805; Waters, 
J., 1937, 113) and also various syn-diazocyanides (following paper) in dry ether. It can 
be explained by postulating the dehydrogenation of ether by a free radical in accordance 
with the scheme 

R: + CH,°CH,OEt —> RH + CH,CH-OEt —> CH,-CHO + -Et 


which has also been propounded by Evans and Braithwaite (J. Amer. Chem. Soc., 1939, 
61, 898) to explain the production of aldehyde when Grignard reagents are electrolysed in 
dry ether. A similar mechanism of dehydrogenation by a free radical may be suggested 
for the decompositions of the esters themselves. However, it has been found that dia- 
zonium chlorides do not decompose under pure diethyl ether, and do not give aldehydes 
when decomposed by heating either in di-n-butyl ether or in diamyl ether. Moreover, 
butaldehyde could not be detected as a reaction product of decomposition of benzene- 
diazonium chloride in a mixture of methyl acetate and di-n-butyl ether. 

This decrease in the reactivity of aliphatic esters and ethers with diazonium chlorides 
as one ascends the homologous series is paralleled by the decrease in the reducing power of 
the higher aliphatic alcohols in their reactions with benzenediazonium sulphate (Hodgson 
and Kershaw, J., 1930, 2785), and also accords with Hantzsch’s statement that diazonium 
chlorides do not oxidise either - or iso-propyl alcohol (Ber., 1903, 36, 2061). It may be 
due to the general decrease in chemical reactivity that one would expect in the higher 
members of a homologous series. However, when the decomposition of a diazonium 
chloride is induced by heating in one of these higher-boiling solvents, it may become uncon- 
trollably violent, and then results in the formation of only a small quantity of the corre- 
sponding aryl chloride in addition to a black tar. This somewhat explosive type of 
decomposition may well be that of the solid diazonium chloride, for the thermal decom- 
position of solid double salts of diazonium chlorides takes a similar course (Griess, Annalen, 
1866, 137, 52; Schwechten, Ber., 1932, 65, 1605), and the smoother lower-temperature 
reaction which is possible in acetone, ethyl acetate, or acetonitrile may be a reaction of 
dissolved substance which, as suggested in Part II, has the covalent structure 
Ar—N—N—C] and can give rise to neutral radicals. These considerations also apply to the 
violent decompositions which occur under dry hexane, carbon tetrachloride, and aromatic 
hydrocarbons. 

Decompositions of Diazonium Chlorides in Nitriles.—A number of diazonium chlorides 
have been decomposed under acetonitrile kept neutral with chalk. Reaction sets in at 
about 40°, with nitrogen evolution, and some acetaldehyde is formed if the diazonium salt 
has not been freed from ether. The main reaction product is always a black tar, from which, 
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however, small quantities of simpler products can usually be separated, indicating that the 
following chemical reactions can all occur : 


ArH Site mbites fp 
oe ArCl Eu Oe 
ee ArNH-COCH, . . . . (C) 

Ps oe 
Of these, reactions (A) and (B) are to be expected when a diazonium chloride decomposes 
in any aliphatic solvent, but reactions (C) and (D) are distinctive of the acetonitrile. 


Reaction (C), which in the case of benzenediazonium chloride occurs to up to 10% of the 
whole, can be explained as an addition process involving free radicals : 


(i) Ar-NSNC1l—> Ar: + N, + °Cl 
(ii) Are + Cle + CH,-C=N —> CH,’CCI-NAr 

(ili) CH,-CCL-NAr + H,O —> CH,°CO-NHAr + HCl 
and cannot be due to any formation of acetic acid, since it occurs in neutral solutions. 

Reaction (D) can similarly be explained by postulating the primary addition process 

(iv) CH,-C=N + Ar-—~> CH,°CAr—=N:- 
particularly as Schlenk and his colleagues have shown that metallic sodium will add on to 
certain compounds containing the C—N and the C=N group to give products resembling 
the metal ketyls (Ber., 1914, 47, 482; Amnnalen, 1928, 463, 1). 

The formation of neutral radicals in these decompositions of diazonium chlorides under 
acetonitrile is substantiated by the fact that, when metals (e.g., zinc or antimony) are added, 
the decomposition commences at room temperature. Both metals give their chlorides, 
but antimony does not seem to form an organo-metallic compound, and mercury is not 
attacked. In the presence of zinc the decomposition takes a different course, for reactions 
(B), (C) and (D) are suppressed, probably on account of the prompt union of the chlorine 
with the zinc. 

Propionitrile is much less reactive than acetonitrile, and only reactions (A) and (B) have 
been proved to occur. No simple reaction products have been obtained from benzyl 
cyanide. Thus, in general, the reactivity of nitriles toward diazonium chlorides is less 
than that of the esters. 


ArN,Cl + CHyC= 


EXPERIMENTAL 


Benzenediazonium chloride and p-chlorobenzenediazonium chloride were prepared in glacial 
acetic acid solution by Pray’s method (J. Physical Chem., 1926, 30, 1477), and the other diazon- 
ium chlorides were prepared in alcohol, as described in Part IV (loc. cit.). The solids (about 
20 g.) were precipitated and washed thoroughly with dry ether, and then transferred rapidly to 
flasks containing redistilled solvent (150 c.c.) and dry chalk (15 g.). Decomposition was induced 
by gentle warming under reflux, and any volatalising aldehydes were collected in water or ina 
solution of 2: 4-dinitrophenylhydrazine. To complete the reaction, the mixtures were boiled 
under reflux and then cooled, filtered, and fractionated. The residual tars were distilled in 
steam and then extracted with organic solvents. 

Decompositions in Esters.—p-Chlorobenzenediazonium chloride (from 20 g. of p-chloroaniline 
hydrochloride) gave the following aromatic products : 

_ PhCl, g. -C,H,Cl,, g. PhCl, g. -C,H,Cl,, g. 


In methyl acetate . 0-1 In n-propyl acetate ... 0-5 1-2 
In ethyl acetate : 0-5 In amyl acetate no simple reaction 
products. 


The particular yields of ‘aromatic compounds from all other decompositions in esters were very 
similar in quantity. On distillation of the neutral ester solutions there was invariably obtained 
a fraction containing free hydrochloric and acetic acids. 

With both benzenediazonium and -chlorobenzenediazonium chloride, acetaldehyde (2 : 4- 
dinitrophenylhydrazone, m. p. and mixed m. p. 164°) was obtained from methyl, ethyl, and 
n-propyl acetates, methyl benzoate, and n-propyl formate, except when the diazonium salt had 
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been washed thoroughly with pure ester in order to remove adhering ether. Under the latter 
conditions no aldehyde was obtained from methyl acetate, though sensitive spot tests for form- 
aldehyde were carried out. Traces of aldehyde too minute to identify were obtained from both 
propyl formate and propionate, and from a decomposition of p-chlorobenzenediazonium chloride 
in propyl acetate a little propaldehyde was obtained (dinitrophenylhydrazone, m. p. and mixed 
m. p. 155°). 

The decomposition of benzenediazonium chloride in amyl acetate, propyl propionate, and 
methyl benzoate did not commence until the mixture had been heated to nearly 100°, and then 
tended to become uncontrollable. The same was true of decompositions carried out in pure 
di-n-butyl or diamyl ether. No butaldehyde was obtained when a decomposition was carried 
out in a mixture of equal volumes of methyl acetate and dibutyl] ether. 

Benzenediazonium chloride, under methyl acetate, reacted vigorously with both antimony 
and zinc, giving metallic chlorides and, with the former, tri-p-chlorophenylstibine dichloride 
(m. p. and mixed m. p. 193°) was also obtained, but under amyl acetate there was no similar 
reaction with antimony. Under methyl benzoate, however, benzenediazonium chloride still 
reacted with zinc dust; and under ethyl acetate it reacted slowly with tellurium but gave no 
appreciable quantity of organic telluride. 

Decompositions in Acetonitrile-—These were carried out in a similar manner, and with each 
diazonium chloride the formation of acetaldehyde was established except when the salt had 
been throughly washed free from ether by means of acetonitrile. The following reaction products 
have been isolated and characterised as described : 

(i) Benzenediazonium chloride (from 22 g. of aniline hydrochloride) gave acetanilide (3 g.; 
m. p. and mixed m. p. 114°), benzene, diphenyl (0-1 g.; m. p. and mixed m. p. 70°), and a 
little oil, b. p. 180—200°, which was oxidised by alkaline permanganate to benzoic acid (m. p. and 
mixed m. p. 121°) and gave a trace of a 2: 4-dinitrophenylhydrazone, m. p. 242°, not depressed 
by admixture with acetophenonedinitrophenylhydrazone. The residual tars, when refluxed with 
sodium hydroxide solution, yielded small quantities of ammonia, aniline, and an isonitrile. 

In the presence of zinc dust, this decomposition occurred at room temperature: zinc chloride 
was formed and diphenyl (0-3 g.) was the only solid isolated. Antimony powder also brought 
about reaction at room temperature, and antimony chloride was formed. Mercury, however, 
was without action. An explanation of the production of diphenyl has been given in Part 
VI (this vol., p. 864). 

Rapid heating, even in the absence of metals, decreased the yield of acetanilide. 

(ii) o-Toluenediazonium chloride (from 20 g. of o-toluidine) gave aceto-o-toluidide (0-5 g. ; 
m. p. and mixed m. p. 110°) (Found: N, 9-4. Calc: N, 9-4%). 

(iii) p-Toluenediazonium chloride (from 30 g. of base) gave aceto-p-toluidide (0-2 g.; m. p. 
and mixed m. p. 148°) and a little p-methylacetophenone, b. p. ca. 240°, identified as semicar- 
bazone (0-1 g.; m. p. and mixed m. p. 204°) and by oxidation with sodium hypobromite to 
bromoform and 3-bromo-/-toluic acid, m. p. 204°. The residual tar, when boiled with sodium 
hydroxide, yielded both ammonia and #-toluidine. 

(iv) p-Chlorobenzenediazonium chloride (from 21 g. of base hydrochloride) gave both chloro- 
benzene (0-6 g.) and p-dichlorobenzene (0-5 g.; m. p. and mixed m. p. 53°). 

(v) 4-Chlor®-o-toluenediazonium chloride (from 30 g. of base hydrochloride) gave 4-chloro- 
aceto-o-toluidide (1-1 g.; m. p. and mixed m. p. 139°) (Found: N, 7-6. Calc.: N, 7-6%), and 
also 2 : 4-dichlorotoluene (ca. 3 g.) (3 : 5-dinitro-derivative, m. p. 104° alone or mixed with a 
specimen prepared by nitration of authentic 2 : 4-dichlorotoluene). 

(vi) 5-Chloro-o-toluenediazonium chloride (from 20 g. of base hydrochloride) gave m-chloro- 
toluene (1-8 g.), identified as its trinitro-derivative, m. p. 149° alone or mixed with a specimen 
prepared from authentic m-chlorotoluene. 

Benzenediazonium chloride when decomposed under propionitrile (same scale) gave no 
aldehyde. Both benzene and chlorobenzene were identified as reaction products, but no anilide 
could be isolated. No simple reaction products were isolated from a decomposition carried out 
under benzyl cyanide. 


The authors thank the Dyestuffs Research Committee of Imperial Chemical Industries Ltd. 
for a gift of chemicals. One of them (W. E. H.) gratefully acknowledges the award of the 
Pemberton Research Fellowship of University College, Durham, which has allowed him to 
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369. Decomposition Reactions of the Aromatic Diazo-compounds. 
Part VIII. The Diazocyanides. 


By OLIVER STEPHENSON and WILLIAM A. WATERS. 


A study of diazocyanides derived from halogenated aromatic amines has revealed 
the following facts. 

1. anti-Diazocyanides, though thermally stable, may be converted photochemically 
into the isomeric, reactive, syn-diazocyanides. 

2. syn-Diazocyanides exist, in alcoholic solution, in tautomeric equilibrium with 
diazonium cyanides, for, on treatment with silver nitrate, they rapidly precipitate silver 
cyanide. 

3. Neutral solutions of syn-diazocyanides easily give self-coupling products, conse- 
quent upon a hydrolysis in which free hydrogen cyanide is liberated. 

4, Solutions of syn-diazocyanides in non-ionising solvents isomerise to anti-diazo- 
cyanides even in the absence of light : 


Ar—N light AT 


H,O 
==> (ArN,)* (CN)- —> HCN - self-coupling products 


N—CN dark NC— 


5. Copper appears to be the only metal which catalyses the decomposition of the syn- 


diazocyanides. 
6. In non-ionising solvents, such as carbon tetrachloride, benzene, and ether, syn- 


diazocyanides yield free radicals upon warming with copper powder, the respective 
final products being C,H,RCl, C,H,R-Ph, and C,H,R plus acetaldehyde, together with, 
in each case, free hydrogen cyanide. Only in carbon tetrachloride solution does the 
copper appear to be attacked. The main reaction product is always a black tar, which 


is not a polyazo-compound. 
7. It is concluded that Hantzsch’s theory that the syn-diazo-compounds decompose 


to give vicinal radicals which promptly unite, 


ea pene 


does not accord with experimental fact. 
It appears that the radicals formed by the decomposition of the syn-diazo-compounds 
react with neighbouring solvent molecules, and therefore must have an independent free 


existence. 


DIAZOCYANIDES can easily be prepared in a state of purity from halogenated aromatic 
amines, and their reactions in non-aqueous solvents have been examined in order to 
discover to what extent the theories postulated for the mechanisms of decompositions of 
diazoacetates, diazohydroxides, and diazonium chlorides can be generalised. 

Hantzsch and Schultze (Ber., 1895, 28, 666), who first studied the diazocyanides, 
showed that they existed in two isomeric forms of greatly different stability, and pointed 
out that both isomers were azo-compounds, Ar-N:N-CN, and not diazonium salts, since (a) 
they were coloured, and (b) they dissolved readily in non-ionising solvents such as benzene. 
The labile, reactive, form was given the syn-diazo-structure (I), and the stable form the 
anti-dir’ -structure-(II) in accordance with the generally observed fact that of two 
geome..ical isomers the more stable has the trans-structure. 


(I.) = 4 », 1 R < “any (II.) 
NC—N ; N—CN 


Moreover, these authors discovered that alcoholic solutions of the labile forms of the 
diazocyanides could be decomposed catalytically by adding copper powder, nitrogen 
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being evolved and an aromatic nitrile formed. This reaction was depicted as a fission 
of a molecule of nitrogen followed immediately by a union of two vicinal radicals : 


. N 
FO oa 7) + (A. 


NC-- 





but no significance was attached to the fact that this reaction is in no way quantitative. 
The scheme (A) was subsequently applied by Hantzsch to all other decompositions of 
diazo-compounds. 

Recent dipole-moment measurements by Le Févre and Vine (J., 1938, 431) establish 
(a) that both the syn- and the anti-diazocyanides are nitriles and not tsonitriles, and (bd) 

that Hantzsch was correct in assigning the anéi-diazo-structure 

RX > (II) to the stable isomers. Orton’s suggestion (J., 1903, 88, 805, 

footnote) that the syn-diazocyanides might be tsonitriles of anti- 

(111.) N—NC structure (III) is disproved by the fact that there is not even 

approximately a constant difference in dipole moment between all pairs of isomeric 
diazocyanides independent of the nature and position of the substituents, R. 

Both the syn- and the anti-forms of the diazocyanides are much more stable than are the 
corresponding diazohydroxides, and one can attribute this to the conjugation of the 
C=N and N=N groupings, which makes the whole molecule one concordant resonance 
system, comparable with that of azobenzene. In accordance with this view, one finds that 
the dipole moment of the group N—N—C—N (3:3pD.) is appreciably less than that 
of the nitrile group C=N (4 D.), just as one would expect if there were some meso- 
meric electron transference from the CN group to the adjacent C—N link, i.e., 
R—C,H,—N=N—C=N. 

The anti-Diazocyanides.—The anti-diazocyanides are so stable that their simpler 
members can, like trans-azobenzene, be distilled in steam unchanged. The syn-diazo- 
cyanides, in contrast, are much less stable, and in dry non-ionising solvents change slowly, 
but completely, into their stable anti-forms (Le Févre and Vine, Joc. cit.). Hartley’s 
measurements of absorption spectra (J., 1938, 635) have indicated that the reverse change 
may be brought about in benzene by exposure to light. This conclusion has been sub- 
stantiated in two ways for solutions of pure anti-diazocyanides in alcohol or acetone. 

If silver nitrate is added to a solution of an anti-diazocyanide in alcohol, the originally 
clear solution gradually becomes turbid on exposure to light owing to the precipitation 
of silver cyanide, and eventually all the anti-diazocyanide decomposes, giving a practically 
colourless solution of a diazonium salt. However, after a time some reduction of the silver 
salt is also apparent. No such reaction occurs in the dark. 

Precipitation of silver cyanide is a reaction typical of solutions of syn-diazocyanides 
in ionising solvents (see below), but as it is also a reaction of the diazonium cyanides, the 
photochemical change in alcohol or acetone may be either a direct isomerisation of the 
anti- to the syn-diazocyanide or its ionisation to the diazonium cyanide. On Hartley’s 
evidence, that the change also occurs in benzene, the former is the more likely course 
for the reaction. 

If one starts from a solution of a pure anti-diazocyanide alone, the photochemical 
change reaches an equilibrium value which, for the substances as yet examined, is over- 
whelmingly in favour of the anti-diazocyanide, since solutions of anti-diazocyanides which 
have been exposed to strong light for a considerable time give only a very faint immediate 
turbidity upon treatment with silver nitrate solution. 

Further, more complicated, changes occur in solutions of anti-diazocyanides in alcohol 
or acetone when they are kept for several days in daylight. Solutions which are exposed 
to the light in closed vessels darken considerably and gradually evolve nitrogen (see figure), 
showing that a slow decomposition occurs similar to that occurring when solutions of the 
corresponding syn-diazocyanides are kept; on the other hand, solutions which are protected 
from light are but little altered. The eventual decomposition products resulting from the 
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photochemical decomposition of the anti-diazocyanides in both ethyl alcohol and acetone 
are identical with those obtained by the thermal decompositions of the corresponding 
syn-diazocyanides. 

The figure also indicates the effect of adding copper powder as a catalyst. Metallic 
copper undoubtedly influences the course of the decomposition of the syn-diazocyanides, 
for the final decomposition products are not the same in each case, but, as will be seen, 
copper has no obvious direct action upon the anti-diazocyanides. Curves B and D were 
given by solutions immersed in a bath of black dye, through which a little light evidently 
penetrated on bright days. They seem to indicate that in the dark a small loss of gas 
occurs, possibly on account of oxidation of the solution. 


Photochemical Decomposition of p-Chlorobenzene-anti-diazocyanide in Acetone. 
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“10— Dull weather ——Bright weather—- 
A. 5 G. in 50 c.c. of acetone in daylight. 
B. 5 G. in 50 c.c. of acetone in dark. 
C. 5 G. in 50 c.c. of acetone + 1 g. of copper powder in daylight. 
D. 5 G. in 50 c.c. of acetone + 1 g. of copper powder in dark. 


Under non-ionising solvents, such as benzene or carbon tetrachloride, evolution of 
nitrogen does not occur, for the anti-diazocyanides can be recovered quantitatively from 
their solutions, even after exposure to light, merely by evaporation of the solvent. 

The syn-Diazocyanides and Diazonium Cyanides.—The reverse change, from the labile 
syn- to the stable anti-diazocyanide, does not seem to be a photochemical reaction. With 
a number of new diazocyanides we have found, in exact accordance with the observations 
of Le Févre and Vine, that the dry solids do not isomerise in the dark, but that all solutions 
rapidly undergo changes. However, the isomerisation of a syn- to an anti-diazocyanide 
is quantitative only in non-ionising solvents such as benzene and carbon tetrachloride. 
Even in ether there is some side reaction, and in alcohol and acetone syn-diazocyanides 
rapidly darken and gradually evolve nitrogen to the extent of 20—40% of the total quantity 
of the diazo-group present. The residual product from these solvents is a tar, together 
with free hydrogen cyanide and very little, if any, anti-diazocyanide. 
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This difference in behaviour of a syn-diazocyanide in ionising and in non-ionising 
solvents has been traced to the fact that it is in tautomeric equilibrium with the unstable 
salt, the diazonium cyanide (IV) (compare Hantzsch, Ber., 1895, 28, 1746; 1900, 33, 


2161). 
Hi Pee = [| ex 


NC—N 
(I.) (IV.) 


(B.) 


When a freshly prepared solution of any syn-diazocyanide in dilute alcohol is treated 
with silver nitrate in the same solvent there is a rapid precipitation of silver cyanide, 
which is complete in about half a minute, and there remains a practically colourless solution 
of a diazonium nitrate which can be coupled with alkaline -naphthol (compare Hantzsch 
and Danziger, Ber., 1897, 30, 2534; Hantzsch, Ber., 1900, 33, 2176). Other metallic salts 
behave in a similar manner, though double cyanides are often formed. The anti-diazo- 
cyanides do not behave thus, and do not yield conducting solutions (Hantzsch, Joc. cit.). 
This conversion of a covalent syn-diazocyanide into a diazonium cyanide is a true tautomeric 
change (B) and not a hydrolysis (C), since it is not inhibited by the presence of considerable 
quantities of nitric acid. 


Ar—N Ar—N 
|| + (OH)- = || + (CN)- (C.) 
NC—N HO— 


There is no justification for a belief that the diazo-compounds, Ar-N°N-X, and the 
diazonium salts, (Ar-N°N)*X~, can give rise to two isomeric kations, since the structures 
(V) and (VI) are electromers, and so would merely be different canonical states of one true 
resonance structure, which may be represented by (VII). One may therefore use the term 
“ diazonium ”’ for the (kat)ionised form of all aromatic diazo-compounds (VII). 


Ar—N: Ar—Nt wt 
A. I at 
(Vv.) (VI.) (VII.) 


Acidified solutions of syn-diazocyanides are remarkably stable and give quantitative 
precipitates of silver cyanide even after being kept for a considerable time, but neutral 
solutions of syn-diazocyanides in aqueous alcohol darken appreciably on keeping for a few 
minutes and then do not give a quantitative precipitation of silver cyanide upon treatment 
with alcoholic silver nitrate. The filtrates from acidified solutions couple instantly, but 
the coloured filtrates from the neutral solutions which have been allowed to stand do not 
couple appreciably. 

The amount of potential cyanide ion in a neutral solution decreases in about 30 minutes 
to a steady value, which is not less than 50% of the amount of the active cyanide group 
initially present (see Table I), and the percentage of silver cyanide finally obtainable is not 
altered either by keeping the mixture of diazocyanide and silver nitrate for some hours 
before filtering or by acidifying the mixture after the reaction in neutral solution has 
proceeded for some hours. 

Since the occurrence of tautomeric change (equation B) would not alter the total amount 
of silver cyanide which should be formed, it follows that neutral alcoholic solutions of 
syn-diazocyanides decompose on keeping to give products containing altered, or non- 
ionisable, cyanide groups. One possible product is, of course, the anti-diazocyanide, but 
this is evidently mot the major reaction product, since if the fall in the quantity of ionisable 
cyanide were solely due to the formation of anti-diazocyanide, the solution should eventually 
give no precipitate with silver nitrate. Moreover, alcoholic solutions of syn-diazocyanides 
which have been kept do not yield anti-diazocyanide in any quantity if evaporated or if 
extracted with benzene. Free hydrogen cyanide distils with the alcohol and the residue 
is a dark tar. 
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Now, Heller and Meyer (Ber., 1919, 52, 2287) reported that attempts to prepare a 
NPh:N-C:NH syn-diazocyanide in a slightly alkaline solution afforded instead a red 
ae alkali-metal salt of a compound of type (VIII), solutions of which, on 
O:N-NPh keeping, give off nitrogen and leave tarry products smelling of iso- 
(VaiL) cyanide. They considered (VIII) to be derived from the diazonium 
cyanide, for it could easily be obtained by a partial hydrolysis (C), followed by a coupling 
reaction : 
—Ar Ar—N N—Ar N 
ies I Te ST 
N—on * N=C—N 
or, in brief, 2Ar-N,-CN + H,O = Ar-N,*O-C(NH)-N,*Ar + HCN; whence, 2 mols. of 
syn-diazocyanide should yield i mol. of free hydrogen ‘cyanide. 

The great facility with which the cyano-group of the syn-diazocyanides will condense 
with compounds of the types ROH and R”NH has also been demonstrated by Hantzsch 
and Schultze (Ber., 1895, 28, 2078), who found that, in the presence of a trace of alkali, 
alcoholic solutions of syn-diazocyanides reacted as follows : 


Ar-N,CN + ROH —> Ar-N,-C(:NH)-OR 


One may conclude, therefore, that the moderately rapid decomposition which occurs in 
neutral solutions of syn-diazocyanides in alcohol is due to hydrolysis and self-coupling, and 
one can therefore understand why Hantzsch and his colleagues found that the syn-diazo- 
cyanides had to be prepared by adding potassium cyanide solution to a cold acid solution 
of a diazonium salt, and not by adding a diazonium salt solution to an excess of an alkaline 
solution of potassium cyanide. 

Since the neutral solutions of the syn-diazocyanides in ionising solvents can soon change 
in this way, their ultimate thermal decomposition reactions, in which nitrogen is evolved, 
are not necessarily decomposition reactions of the syn-diazocyanides themselves. 

In water, dilute acid, alcohol, or acetone, the ultimate decomposition of a syn-diazo- 
cyanide produced some nitrogen, hydrogen cyanide, a little tsocyanide, and much tar, 
and is a complex decomposition in which the solvent can play an integral part. From 
solutions of syn-diazocyanides in ethyl alcohol about 40% of the diazo-groups present may 
be evolved as nitrogen, acetaldehyde is an invariable reaction product, and, in part, the 
diazocyanide group is replaced by hydrogen. If copper powder is added, the initial rate 
of evolution of nitrogen is accelerated and the total percentage of nitrogen evolved is some- 
what greater, though only a little of the aromatic nitrile is formed. 

Solutions of syn-diazocyanides in acetone evolve about 20% of their diazo-groups in 
the form of nitrogen, but give scarcely any simple products, other than hydrogen cyanide. 
Again, the decomposition in acetone is catalysed by copper powder. In this case over 
50% of the diazo-groups may be eliminated as nitrogen, free hydrogen cyanide is not formed, 
but some aromatic nitrile is formed instead. The decomposition of the syn-diazocyanides 
in alcohol or acetone is not catalysed by metals other than copper (compare the diazonium 
chlorides; J., 1937, 2007; this vol., p. 864). 

Non-polar Decompositions of syn-Diazocyanides.—Solutions of syn-diazocyanides in 
the non-ionising solvents carbon tetrachloride, benzene, cyclohexane, and ether do not lose 
nitrogen on warming, but give the stable anti-diazocyanides. However, a decomposition 
can be initiated in these solvents also by adding copper powder, and 30—50% of the diazo- 
groups present may be eliminated as nitrogen, leaving complex tarry residues from which 
simple reaction products, other than some anti-diazocyanide, can be isolated only in small 
yields. This copper-catalysed reaction has been studied by using the purified 
cyanides obtained from o- and p-chloroanilines, p-bromoaniline, 4- and 5-chloro-o-toluidine, 
and the simpler reaction products have been isolated by steam-distillation and characterised. 

When carbon tetrachloride was used, the aryl chloride C,H,R-Cl was formed from the 
cyanide C,H,R'N,°CN in 10—20% yield. Hydrogen cyanide was also formed, and aqueous 
extracts of the reaction products regularly contained both cupric and chloride ions. No 
appreciable quantities of the nitrile could be isolated, so one must conclude that the 
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Gattermann reaction is suppressed. In the presence of other metals no similar decom- 
position of the syn-diazocyanide occurs. 

When benzene was used as solvent, a small quantity (up to 2%) of the unsymmetrical 
diaryl C,H,R*Ph was isolated. Hydrogen cyanide was again a product, but neither with 
benzene nor with the other solvents enumerated below was there any evidence of chemical 
attack on the copper. From a decomposition carried out in cyclohexane some aromatic 
nitrile was isolated. Decompositions carried out in ethereal solution also yielded up to 
3% of the aromatic nitrile, mixed, however, with a larger quantity (up to 10%) of the 
hydrogen-substituted product, Cg,H;R. Acetaldehyde was also formed:in all decompositions 
carried out in ethereal solution. 

Since the reactions 

(i) Phy + CCl, —> PhCl +-CCl, 
(ii) Phe +CysH, — > Ph’C,H,; + -H 
(iii) Phy + H-Alkyl—> PhH-~ + -Alkyl 


are typical of the neutral phenyl radical (J., 1937, 2007), one can ascribe to the copper- 
catalysed decompositions of the syn-diazocyanides in these non-ionising solvents a non- 
ionic mechanism, and suppose that the syn-diazocyanide decomposes in the presence of 
metallic copper into nitrogen and two free neutral radicals, which do not unite together 
instantly, as Hantzsch supposed, but react in a complex manner with vicinal solvent 
molecules, as described in earlier papers of this series. The free cyanide radical would be 
expected to react as follows, 


(iv) -CN + HX (= aromatic substance) —> HCN + -X 


and thus it is a significant fact in support of the non-ionic theory of the decomposition 
of covalent aromatic diazo-compounds that aromatic nitrile formation (the Gattermann 
reaction), which may occur by either reaction (v) or (vi), is by no means one of the principal 


(v) R-C,Hy + °CN —> R-C,HyCN 
(vi) R-C,H, + HCN —> R-C,H,CN + -H 


resultant chemical changes. The chemical attack on the copper, which has been observed 
only in carbon tetrachloride solution, may be a reaction of the CCl, radical. 

It is noteworthy that the tars which are produced in these decompositions constitute 
the major portion of the resultant aromatic products. They can be regarded as the end- 
products of complicated chain-reaction processes. An alternative suggestion—viz., 
that the tars are polyazo-compounds produced by chain-coupling reactions—can be ruled 
out, since the tars have been found to contain only about 10% of nitrogen, which corre- 
sponds to about one nitrogen atom per aryl group, and not to two nitrogen atoms, which 
the structure Ar-N,*(C,H,X-N,],°Ar would require. Further, after vigorous reduction 
with stannous chloride or zinc in hydrochloric acid, the tars do not yield detectable quantities 
of diamines, though they do yield small quantities of the corresponding monoamines. 
In part, the nitrogen content of the tars is due to the presence in them of nitrile groups, 
for ammonia is evolved. when they are boiled with sodium hydroxide. The tars them- 
selves are insoluble in the solvents used for bringing about the decompositions, but dissolve 
to some extent in concentrated sulphuric acid to give brownish solutions. The other 
experimental evidence obtained from the decomposition reactions carried out in benzene, 
in conjunction with the experimental evidence of Part VII (preceding paper), in which it has 
been shown that aryl groups can add on to the CN group, would indicate that these tars 
may be partly polypheny]l, 7.c., R-C,H,[C,H,X)],*Ar [where X may be CN or N=N—CN 
(anti)], and partly polyamine, #.c., R-CgH,°C-N-Ar— or sh Nengtaypnnde le 


The final conclusion is, therefore, that the non-ionic decompositions discovered with the 
diazoacetates (Waters, J., 1937, 113; Grieve and Hey, J., 1934, 1797), and presumed to 
occur with the diazohydroxides and diazonium chlorides (J., 1937, 2014, 2007), proceed in 
an exactly similar manner with these syn-diazocyanides in the complete absence of water 
or of any ionising solvent. This still further substantiates the theory of free-radical 
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fission of the aromatic diazo-compounds, and makes it quite evident that this decom- 
position is characteristic of the covalent diazo-compounds and not of the diazonium kation. 

Moreover, it is also evident that the two radicals which result from the scission of the 
azo-group as nitrogen gas do not unite at once, even with the syn-diazo-compounds, but 
react in a complex manner with vicinal solvent molecules. Hantzsch’s mechanism for the 
decomposition of the aromatic diazo-compounds (A; p. 1797) has therefore no foundation 
in experknentel fact. In contrast, one can point out that the Gattermann reaction, 


CgH,R-N,CN a C,H,R’CN + N,, is favoured only when ionisation is possible, and the 
view that this reaction may be a reaction of a diazonium salt (this vol., p. 864) thus receives 


some further slight support. 
EXPERIMENTAL. 


syn-Diazocyanides were prepared from (a) p-chloroaniline, (b)o-chloroaniline, (c) p-bromo- 
aniline, (d) 4-chloro-o-toluidine, and (e) 5-chloro-o-toluidine by the procedure of Le Févre and 
Vine (loc. cit.). Damp reaction products were rapidly purified by dissolving them in ice-cold 
ether-light petroleum, shaking the solution for 10 mins. with sodium sulphate, filtering, and 
then blowing off the ether with a current of dry air. 

The following diazocyanides have not been described previously: 0-Chlorobenzene-syn- 
diazocyanide, m. p. 49°, orange (Found: Cl, 21-1. C,H,N,Cl requires Cl, 21-45%); 0-chloro- 
benzene-anti-diazocyanide, m. p. 78°, bright red (Found: Cl, 21-4%); 4-chloro-o-toluene-syn- 
diazocyanide, m. p. 49°, orange-yellow (Found: Cl, 19-6. C,H,N,Cl requires Cl, 19-7%); 
4-chloro-o-toluene-anti-diazocyanide, m. p. 68°, red (Found: Cl, 19-6%); 5-chloro-o-toluene- 
syn-diazocyanide, m. p. 60°, orange (Found: Cl, 19-7%); 5-chloro-o-toluene-anti-diazocyanide, 
m. p. 75°, red (Found : Cl, 19-7%). 

Dry specimens of the syn-diazocyanides could be kept for some days in the dark, but damp 
specimens gave off hydrogen cyanide on keeping, and formed tarry products, smelling of iso- 
cyanide and containing only a little anti-diazocyanide. 

Freshly prepared alcoholic solutions of the syn-diazocyanides of the above five bases reacted 
immediately with alcoholic silver nitrate, precipitating silver cyanide and leaving practically 
colourless diazonium nitrate solutions which would couple with alkaline B-naphthol. After a 
short time the alcoholic solutions turned reddish-brown and then would not couple. Acidified 
solutions, however, did not change colour on keeping. The data in Table I were obtained by 
treating solutions of 5-chloro-o-toluene-syn-diazocyanide with silver nitrate after various times, 
and collecting and weighing the silver cyanide formed. 


TABLE I, 
Sample 1. Sample 2. 
Dissolved in neutral EtOH Dissolved in neutral EtOH Dissolved in EtOH made n/2 
(0-0189M). (0-0147m). with HNO, (0-0148m). 
Time, mins. % of CN reacting. Time, mins. % of CN reacting. Time, mins. % of CN reacting. 
1-25 68-2 3-7 78-3 3- 93-9 
4:5 64:3 10 70-0 5-5 93-4 
8-0 58-1 24 65-3 8-0 93-3 
11-5 55-4 41 63-5 20-0 93-5 
22-0 50:1 60 65-2 90 92-6 
40 47-3 145 64-6 228 93-8 
82 48-4 285 59-9y 260 93-8a 
187 47-3y 3 days 58-7y 3 days 75-58 


In the above calculations the diazocyanide was assumed to be 100% pure, but evidently 
the purity of Sample 2 was 93-5% and that of Sample 1 still less. The reactions with Sample 2 
were carried out in a darkened room, except for « which had been exposed to sunlight for } 
hour, and for 8 which-had been exposed to light for 2 days. The estimations y were carried 
out by adding acidified silver nitrate. With other syn-diazocyanides figures ranging from 
98% to 77% of the theoretical CN content were obtained by dissolving dry specimens in alcohol 
and adding silver nitrate as soon as all the solid had dissolved. 

Alcoholic solutions of all the anti-diazocyanides gave no immediate precipitates when treated 
with alcoholic silver nitrate, but on exposure to light silver cyanide was gradually formed 
and the solution became paler. Eventually, reduction of the white silver cyanide precipitate 


occurred. 
The effect of prolonged exposure to light of solutions of the anti-diazocyanides has already 
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been given (p. 1797, and see figure). The following results were obtained in decomposition 
experiments carried out on a larger scale with freshly prepared samples of syn-diazocyanides, 
the following procedure being used: Solutions were warmed under reflux by immersion in 
water until reaction set in, the evolved nitrogen was collected by displacement of water and 
measured, the solvent was distilled off and tested for volatile products, the remainder was dis- 
tilled in steam, the distillate examined, and the residual tar collected, dried, and analysed for 
its nitrogen content by the Kjeldahl method, and subsequently for copper by thiosulphate 
titration. The letters (a)—(e) relate to experiments upon the syn-diazocyanides derived from 
the bases (a)—(e) (see p. 1802). For the copper-catalysed reactions, 5 g. of copper powder were 
used in each case. All aromatic nitriles obtained in the reactions were identified by hydrolysis 
to the corresponding acids. 

Decompositions in Ethyl Alcohol (100%).—These gave in each case free hydrogen cyanide 
and acetaldehyde : (b) (26 g. in 300 c.c.) gave a 20% yield of chlorobenzene and a trace of the 
anti-diazocyanide; (e) (28 g. in 450 c.c.) gave a 15% yield of m-chlorotoluene, identified both 
by oxidation to m-chlorobenzoic acid, m. p. and mixed m. p. 158°, and by nitration to 3-chloro- 
2: 4: 6-trinitrotoluene, m. p. and mixed m. p. 149°. 

In the presence of copper powder, (b) (21 g. in 280 c.c.) gave a 20% yield of chlorobenzene 
and a trace of o-chlorobenzonitrile, and (e) (12 g. in 200 c.c.) gave a 25% yield of m-chloro- 
toluene and a 1% yield of 5-chloro-o-toluonitrile. There was no evidence of any chemical 
attack on the copper. Mercury, antimony, and zinc did not affect the decomposition. Diazo- 
cyanides from (a) and (d) reacted similarly. 

Decompositions in Acetone.—Those carried out without the addition of copper yielded free 
hydrogen cyanide, tar, and some anti-diazocyanide (from a, c, d, e). Methyl acetate solutions 
behaved similarly. In the presence of copper there was no free hydrogen cyanide, but nitriles 
were formed : ¢.g., (b) (22 g. in 250 c.c.) gave 4% of chlorobenzene and 10% of o-chlorobenzo- 
nitrile, and (d) (20 g. in 200 c.c.) gave 6% of p-chlorotoluene, identified by oxidation to p-chloro- 
benzoic acid, m. p. and mixed m. p. 236°, and 9% of 4-chloro-o-toluonitrile. There was no 
evidence of any chemical attack on the copper. Mercury, antimony, zinc, and silver were all 
without any effect on the decomposition. 

Decompositions in Carbon Tetrachloride——When kept in carbon tetrachloride solution, all 
syn-diazocyanides isomerised to the corresponding anti-compounds, which needed no further 
purification. This method was therefore adopted for the preparation of these substances. 

When copper powder was added to the freshly prepared syn-diazocyanide solutions (10% 
by volume), nitrogen, together with hydrogen cyanide, was evolved after gentle warming. 
The resulting products, after evaporation and steam-distillation, gave aqueous extracts con- 
taining cupric chloride, and a cokey mass containing some cuprous chloride. The copper 
was attacked even when chalk was added to the reaction mixture. No decomposition was 
brought about by the use of silver, mercury, iron, lead or zinc. 

The syn-diazocyanide from (a) gave 9% of p-dichlorobenzene, m. p. and mixed m. p. 53° 
(Found: Cl, 48-6. Calc.: Cl, 483%); that from (b) gave 14% of o-dichlorobenzene, b. p. 
170—185°, identified as its dinitration product, m. p. and mixed m. p. 110°, together with 
4% of o-chlorobenzonitrile; (c) gave 10% of p-chlorobromobenzene, m. p. and mixed m. p. 
67°; (d) gave a little nitrile and 15% of 2 : 4-dichlorotoluene, b. p. 200°, identified by oxidation 
to 2: 4-dichlorobenzoic acid, m. p. 163°, and by conversion into the dinitro-derivative, m. p. 
and mixed m. p. 104—105°; (e) gave 20% of 2: 5-dichlorotoluene, identified by nitration to 
3 : 6-dichloro-2 : 4-dinitrotoluene, m. p. and mixed m. p. 101°. 

Decompositions in Dry Benzene.—These proceeded very similarly to those in carbon tetra- 
chloride, addition of copper powder bringing about the evolution of nitrogen mixed with 
hydrogen cyanide. The aqueous residues from steam distillates contained no copper salts, 
and the tar did not appear to contain any cuprous cyanide. (a) (28 g. in 250 c.c.) gave } g. 
(= 14%) of 4-chlorodiphenyl, m. p. and mixed m. p. 77°; (5) (18 g. in 200 c.c.) gave 7% of 
o-chlorobenzonitrile and } g. of an oil, b. p. 270—275° (= 3% crude), which on nitration gave 
yellow crystals, m. p. 155°, not depressed by admixture with the dinitration product of authentic 
2-chlorodiphenyl (m. p. 157°) [Mascarelli and Gatti (Gazzetta, 1933, 68, 654) give dinitro-2-chloro- 
diphenyl, m. p. 158—159° and believe it to be the 3’ : 4’-dinitro-compound] ; (c) (15 g. in 250 c.c.) 
gave 5% of p-bromobenzonitrile and 0-15 g. (= 1%) of 4-bromodiphenyl, m. p. 89°; (d) and (e) 
yielded traces of nitriles, but no other products volatile in steam. The specimen of 2-chloro- 
diphenyl needed for purposes of comparison was prepared by the method of Part VI from 
o-chlorobenzenediazonium chloride and benzene in acetone. 

When silver or zinc was used in place of copper powder there was no reaction. When iron 
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filings were used there was a slight evolution of nitrogen, and a trace of 4-chlorodiphenyl was 
isolated from (a). 

Decompositions in Dry Ether.—These were not easy to control for, although there was some 
evolution of nitrogen when copper was added, even after standing for some days the solutions 
tended to decompose violently upon evaporation to dryness. They gave residues smelling 
strongly of isocyanide. The ethereal distillates invariably contained acetaldehyde (identified 
as its 2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. 164°) and also free hydrogen cyanide. 
From (b) (17 g. in 250 c.c.) 6% of chlorobenzene and 3% of o-chlorobenzonitrile were obtained ; 
(c) (22 g. in 200 c.c.) gave 6% of bromobenzene, identified by nitration, and also 3% of nitrile ; 
(d) (28 g. in 250 c.c.) gave 8% of p-chlorotoluene, identified by oxidation to p-chlorobenzoic 
acid, and 4% of nitrile; (e) (21 g. in 220 c.c.) gave 10% of m-chlorotoluene (identified as its 
trinitro-derivative, m. p. 149°) and 2% of nitrile. 

From a decomposition of (a) in cyclohexane a little nitrile was obtained. 

The tars obtained from decompositions carried out in alcohol or acetone in the absence of 
copper were dark brown, pitch-like materials which easily softened on warming. Those 
obtained from all decompositions carried out with the use of copper were hard, black, porous, 
cokey materials, which could easily be dried and powdered. They did not tend to soften 
on warming, and dissolved only with difficulty in warm concentrated sulphuric acid. It was 
not possible to separate the organic matter from the finely divided copper particles. Table II 
gives, for the actual experiments detailed above, the percentage of the diazo-group evolved 
as nitrogen, the yield of non-volatile tar, and also its nitrogen content, the last two figures being 
calculated for organic copper-free material. 


TABLE II. 

syn-Diazo- Solvent and % of diazo-group % of tar % of N in 

compound, catalyst. evolved as Ng. formed. tar. 
b EtOH, no Cu 36 60 -— 
e EtOH, no Cu 39 41 
b EtOH + Cu 51 55 14 3 
e EtOH + Cu 56 53 13-9 
c Acetone, no Cu 25 73 = 
e Acetone, no Cu 21 ca. 95 = 
b Acetone + Cu 46 46 12-7 
d Acetone + Cu 67 58 10-9 
a C,H,, + Cu — 71 17-5 
a Ether + Cu — 51 12-7 
c Ether + Cu — 60 12-4 
b Ether + Cu 40 — 16-9 
d Ether + Cu 67 66 15-3 
e Ether + Cu - = 46 14-0 
b Benzene + Cu 33 63 13-8 
b Benzene + Cu 36 64 13-0 
c Benzene + Cu 33 63 10-5 
e Benzene + Cu — 76 10-1 
b CCl, + Cu 57 72 10-2 
b CCl, + Cu 55 71 10-4 
d CCl, + Cu 45 80 7-5 
e CCl, + Cu — 45 10-2 


A tar containing one nitrogen atom per aryl group should give 9—11% of nitrogen and one 
containing two such atoms per aryl group should afford 16—20%. 

The tars all evolved some ammonia on boiling with sodium hydroxide solution. Reduction 
of several was carried out by means of both stannous chloride and hydrochloric acid in alcoholic 
solution and also of zinc and hydrochloric acid in glacial acetic acid solution. The reduction 
products contained small quantities of the monoamines (a)—(e) originally used, but no sign of 
diamines. 
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370. Decomposition Reactions of the Aromatic Diazo-compounds. 
Part IX. A Note on Oxidation Mechanisms. 


By WitiiamM A. WATERS. 


Benzenediazoacetate reacts with cyclohexene to give a little A*-cycjohexeny] acetate, 
and benzenediazonium chloride, in presence of acetone, reacts similarly to give some 
A?-cyclohexenyl chloride. Analogous to these reactions are the oxidations of cyclo- 
hexene by lead tetra-acetate and by oxygen in presence of osmium. It is suggested 
that all these reactions have a common mechanism in which neutral radicals 
are involved. 


SINCE the occurrence of an addition reaction between an olefin and the radicals left by the 
fission of nitrogen from an aromatic diazo-compound would be evidence in favour of the 
production of free radicals from the latter, a study of decomposition reactions in 
unsaturated solvents was projected. 

Instances of addition to the nitrile group of acetonitrile are described in Part VII 
(this vol., p. 1792), and, quite recently, Meerwein, Biichner, and van Emster (J. pr. Chem., 
1939, 152, 260) have shown that the radicals Ar and -Cl, derived from diazonium chlorides 
on decomposition in aqueous acetone or pyridine, can add on to such unsaturated com- 
pounds as methyl cinnamate, methyl fumarate, and phenylpropiolic acid. Hence, radicals 
derived from decomposing aromatic diazo-compounds show some additive properties 
towards unsaturated organic molecules as well as towards metals. The experimental 
results now obtained in a preliminary study of the reaction between cyclohexene and 
aromatic diazo-compounds afford an interesting contrast. 

Benzenediazoacetate is insoluble in cyclohexene, but when stirred under this liquid it 
gradually decomposes, giving chiefly tar. The cyclohexene layer however then yields, 
on fractionation, a small quantity of A*-cyclohexenyl acetate, together with traces of 
other unsaturated substances of high boiling point. A*-cycloHexenyl acetate can also 
be obtained by the procedure of Meerwein and his collaborators, viz., by the decomposition 
of aqueous benzenediazonium chloride, in a mixture of cyclohexene and acetone containing 
also an excess of sodium acetate, whereas decomposition of the solid in the same two 
solvents in presence of chalk affords A*-cyclohexenyl chloride. 

These reactions are evidently substitutions of the reactive CH, group of cyclohexene 
by the acetoxy- and chloro-radicals derived from the decomposing diazo-compounds, 


C,H, + *O-CO-CH, —> C,H,:0-CO-CH, (A) 
and are closely related reactions to the substitution (B) which occurs with acetone alone, 
CH,°CO-CH, + Cl —> Cl-CH,°CO-CH, (B) 
though it is possible to depict reaction (A) as involving a primary addition process (C), 


just as one can depict substitutions of acetone by schemes including additions to its enolic 


form. 
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Exactly analogous substitutions of the CH, group of cyclohexene occur when it is treated 
with certain oxidising agents. For instance, Willstaétter and Sonnenfeld (Ber., 1913, 46, 
2952) found that A®-cyclohexenol is a major reaction product when cyclohexene is oxidised 
by atmospheric oxygen in presence of osmium, and Guillemonat (Compt. rend., 1937, 205, 
67) obtained the same product by using selenium dioxide in glacial acetic acid solution. 
Again, Criegee (Annalen, 1930, 481, 263) obtained A*-cyclohexenyl acetate as the chief 
product on treatment of cyclohexene with lead tetra-acetate in glacial acetic acid solution. 

One may therefore suggest that all the above oxidation processes have in common a 
reaction mechanism which involves attack on the cyclohexene by neutral radicals formed 
from the oxidising agent. 

Criegee, Kraft, and Rank (Amnalen, 1933, 507, 159) have already suggested that a free- 
radical fission of quadricovalent lead compounds may occur when glycols are oxidised by 
lead tetra-acetate : 


R,C—OH te 
+ Pb(OAc), —> >Pb(OAc), + 2H-OAc 
R’.C 





R’,C—OH 
| (D) 
R,C=0 Re O: 
+ geass 4. 1Pb(OAc), 
R’,C=0 R’,C—O 


and a similar decomposition Pb(O-CO-CH;),—-> :Pb(O-CO-CH,), + 2°O-CO-CH, may 
occur with lead tetra-acetate itself, which, it may be noted, can effect substitution in the 
side chain of toluene (Dimroth and Schweizer, Ber., 1923, 56, 1375) just as do free atoms 
of bromine at room temperature (Kharasch, White, and Mayo, J. Org. Chem., 1938, 3, 33). 

Attention has already been directed to the réle played by free radicals in the reactions 
of oxygen (Waters, “‘ Physical Aspects of Organic Chemistry,” 1935, pp. 150—153), and, 
in this connection, Ziegler and Ewald’s observation (Amnalen, 1933, 504, 162), that tri- 
phenylmethyl is an exceedingly efficient catalyst for the oxidation of olefins, makes it 
probable that many catalysed oxidation processes involve univalent free radicals of the 
general type R-O-O- (e.g., PhgC*O-O>). 

The oxidation of cyclohexene is by no means an isolated example of oxidation by 
aromatic diazo-compounds, and, in addition to the reactions discussed in Part III (J., 
1937, 2014), attention may be directed to the work of Quilico and Freri (Gazzetta, 1928, 58, 
380; 1932, 62, 253) and of Quilico (Atti R. Accad. Lincei; 1930, 12, 341), who have given 
examples of oxidation of olefins such as anethole. 

A still wider generalisation with regard to the mechanism of oxidation processes, 
though supported by the fact that the vast majority of them are chain reactions, would 
however be premature. 

EXPERIMENTAL. 


(i) 100 G. of benzenediazoacetate and 30 g. of chalk were stirred mechanically with 600 g. 
of cyclohexene (distilled over sodium). After a week, the solvent was evaporated and the residue 
distilled in steam, The steam-distillate gave 6 g. of a liquid (a), b. p. 160—190°, and 3 g. of a 
liquid, b. p. 106—108°/15 mm. On repeated fractionation, (a) gave a colourless oil, b. p. 170— 
171°, with an ester-like smell (Found : C, 70-2; H, 8-5. Calc. for cyclohexenyl acetate, C,H,,0, : 
C, 68-6; H, 8-6%); and (b) gave a little liquid hydrocarbon (Found: C, 89-6; H, 10-3%). 
Both (a) and (6) were unsaturated. After treatment with alkali and redistillation, (a) gave an 
oil, b. p. 160—170°, which, when warmed with phenyl isocyanate, gave the phenylurethane of 
A®-cyclohexenol, m. p. 107° (Found: C, 71-8; H, 7-0. Calc.: C, 71-85; H, 7:0%); Will- 
statter and Sonnenfeld (loc. cit.) give A*-cyclohexenol, b. p. 167°; phenylurethane, m. p. 107°. 

Oxidation of fraction (b) was attempted : it did not yield benzoic acid. 

(ii) 23 G. of aniline were diazotised in 150 c.c. of dilute hydrochloric acid, and then treated 
with 100 c.c. of cyclohexene, 200 c.c. of acetone, 80 g. of sodium acetate, and 10 g. of cupric 
chloride. The mixture was decomposed by warming, and volatile products were separated 
by steam-distillation. These yielded 2 g. of an unsaturated oil, b. p. 80—86°/15 mm., and a 
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little product, b. p. 100—120°/15 mm., which in part solidified on cooling and eventually 
yielded 0-3 g. of diphenyl, m. p. and mixed m. p. 70°. The fraction of lower b. p. was refluxed 
with alcoholic potash and yielded potassium acetate and 1-2 g. of A*-cyclohexenol, b. p. 168— 
170°, identified by preparation both of its phenylurethane, m. p. and mixed m. p. 107°, and 
of its a-naphthylurethane, m. p. 156° (for the latter, Willstatter and Sonnenfeld, loc. cit., give 
m. p. 156°). 

(iii) 40 G. of benzenediazonium chloride, 30 g. of chalk, 300 c.c. of cyclohexene, and 150 c.c. 
of acetone were mixed and warmed to 60°; decomposition then set in, and was completed by 
refluxing for some hours. After removal of the solvents from the cooled and filtered mixture, 
the residue was distilled in steam and gave 2-7 g. of a very readily hydrolysed unsaturated 
aliphatic chloride, b. p. 130—150°, and about 2 g. of a heavier unsaturated oil, b. p. 117— 
120°/20 mm., which was practically free from chlorine. Chloroacetone could not be detected. 
The aliphatic chloride (redistilled, b. p. 134°) was A*-cyclohexenyl chloride, since, after standing 
with cold sodium bicarbonate solution, it gave an oil which reacted with phenyl isocyanate to 
give the phenylurethane of A*-cyclohexenol, m. p. and mixed m. p. 107°. The fraction of 
higher bh. p. (Found: C, 86-8; H, 10-5%) gave no detectable quantity of benzoic acid on oxida- 
tion either with chromic acid or with potassium permanganate in dilute acetone, nor did it 
yield diphenyl on heating with selenium. The quantities of these products of higher b. p. 
resulting from reactions (i)—(iii) were too small for any further investigation. 


The analyses for carbon and hydrogen are by Dr. Weiler, Oxford. 
THE UNIVERSITY, DURHAM. [Received, August 9th, 1939.] 





NOTES. 


The Absorption Spectra of Some Substituted Nitrosobenzenes. Evidence for the Mesomeric Effect. 
By HERBERT H. Hopcson. 


By the method previously described (Hodgson, J., 1937, 520), the absorption spectra of nitro- 
sobenzene and the following o-substituted derivatives have been measured in4 x 20-‘m-alcoholic 
solution : 


o-Ethoxy-. Nitrosobenzene. o-Iodo-. o-Bromo. o0-Chloro-. 
Peak of band (A)........cccsseeecseeserseees 3800 3160 2930 2900 2880 
Extinction coefficient (€) .........:-++00++ 1875 1750 2187 3125 3281 


Relative to nitrosobenzene the shifts of the absorption bands of the o-halogeno-derivatives 
are in the order of the negative inductive (—J) effects of the halogens, viz., I< Br<Cl. The 
relatively small displacement differences would appear to indicate in each case the existence of 
positive mesomeric (+ M) effects (Baddeley, Bennett, Glasstone, and Jones, J., 1935, 1827) of 
the order Cl> Br>I, which, while opposed to the negative inductive (— J) effects, do not exceed 
them, since the resultant effect in each case is shown by a displacement of the absorption band 
in the direction of the shorter wave-lengths, thereby denoting a progressive tightening of the 
electronic structures. 

In the case of o-ethoxynitrosobenzene there is a difference of 640 A on the positive side of 
the nitrosobenzene, which indicates that the feeble negative inductive (— J) effect of the ethoxy- 
group has been completely exceeded by a powerful positive effect which must be ascribed to the 
positive mesomeric polarisation produced by the ethoxy-group. Supporting evidence is also 
to be obtained from the absorption spectra of p-nitrobenzaldehyde-o- and -p-methoxyphenyl- 
hydrazones (Hodgson and Handley, J., 1928, 1882) and of p-methoxybenzaldehyde-p-nitro- 
phenylhydrazone (Hodgson and Cooper, J., 1929, 231). 


The author gratefully acknowledges his indebtedness to Dr. H. Lowery, Principal of the 
South-West Essex Technical College, Walthamstow, for his interest and help in the experimental 
part of this paper.—TEcHNICAL COLLEGE, HUDDERSFIELD. ([Received, September 18th, 1939.] 
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Improved Methods for the Nitrosation of m-Halogenophenols and their Conversion into Benzo- 
quinonemonoximes. By HERBERT H. HopGson and Donatp E. NICHOLSON. 


In the nitrosation of m-halogenophenols (excluding m-fluorophenol) by the methods previously 
used (Hodgson and Moore, J., 1923, 123, 2499; 1925, 127, 2260; Hodgson and Kershaw, J., 
1929, 1553; 1930, 967, 1969) the best yield of the nitroso-compound obtained was about 
40% and a small amount of the 3-halogeno-6-nitrophenol and much diazonium salt were also 
produced. It has now been found that yields of 3-halogeno-4-nitrosophenol as high as 80% 
are obtained from m-chloro- and m-iodo-phenol by the following procedure. 

Nitrosation of a m-Halogenophenol.—The phenol (2 g.), dissolved in 50% acetic acid (25 c.c.), 
is treated gradually below 20° with a solution of sodium nitrite (4 g.) in water (10 c.c.). When 
the mixture, which now contains about 30% acetic acid, is kept with occasional shaking, pre- 
cipitation should commence within 30 minutes. Should the reaction be delayed, as in the case 
of m-bromophenol, the liquor is diluted with water until a faint turbidity is produced and is 
then filtered; precipitation should gradually ensue. The resulting greenish-yellow m-halogeno- 
p-nitrosophenols are obtained free from tar in the cases of the m-chloro- and the m-iodo-com- 
pound, and in yields of ca. 2 g.; they are sufficiently pure for immediate use. The velocity of 
precipitation is greatest for the iodo- and least for the bromo-compound. After removal of the 
nitrosophenol by filtration, the filtrate affords a volatile 3-halogeno-6-nitrophenol when steam- 
distilled. 

The nitrosation of m-bromophenol under these conditions is less effective than that in dilute 
sulphuric acid. ‘ 

Conversion of 3-Halogenophenols into 3-Halogenobenzoquinone-4-oximes.—By the following 
method (compare Hodgson and Walker, J., 1933, 1620. See also Schoutissen, Rec. Trav. chim., 
1921, 40, 753, who used a variation of this procedure) m-chloro-, m-bromo-, and m-iodo-phenol 
are almost quantitatively converted into the m-halogeno-p-benzoquinonemonoximes. The 
m-halogenophenol (2 g.), dissolved in glacial acetic acid (20 c.c.), is added below 20° to a solution 
of sodium nitrite (2 g.) in concentrated sulphuric acid (10 c.c.) which has previously been heated 
to 70°. The mixture is kept at 0° for ca. 10 minutes and then poured on ice; the m-halogeno-p- 
benzoquinoneoxime is precipitated as a slightly reddish solid, which is pure after one crystallisa- 
tion (charcoal) from aqueous alcohol. Yield, ca. 2-0 g. 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for gifts of chemicals. 
—TECHNICAL COLLEGE, HUDDERSFIELD. ([Received, July 14th, 1939.] 





A New Colour Reaction for Diarylamines. By E. MARSHALL MEADE. 


Tue amine is dissolved in a little anisole, and a solution of methylmagnesium iodide in anisole 
added; methane is evolved as in the ordinary Zerewitinov test for active hydrogen. When 
benzoyl chloride is now added, a strong red coloration is produced if a diarylamine was originally 
present. This test is particularly useful for following the course of N-substitution of diaryl- 
amines, e.g., it will easily detect 1% of unchanged diphenylamine in a sample of N-methyl- 
diphenylamine. 

The following substances gave the test: diphenylamine, 4’-methoxy-4-methyldiphenyl- 
amine, 4: 4’-dimethoxydiphenylamine, phenyl-«-naphthylamine, o- and p-methoxyphenyl-f- 
naphthylamines. The following substances failed to give the test: N-methyldiphenylamine, 
N-methyl-, -acetyl-, and ~-benzoyl-4: 4’-dimethoxydiphenylamines, aniline, methylaniline, 
dimethylaniline, benzylaniline, and p-anisidine.—THE COLLEGE OF TECHNOLOGY, ROTHERHAM, 
Yorks. [Received, September 28th, 1939.] 
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371. Phthalocyanines and Related Compounds.t Part XV. Tetrabenz- 
triazaporphin : its Preparation from Phthalonitrile and a Proof of tts 
Structure. 


By P. A. BARRETT, R. P. LINsTEAD, and G. A. P. TUEY. 
With a Note on a Preliminary X-Ray Investigation. 
By J. M. RoBERTSON. 


Tetvabenziviazaporphin, C3,H,,N,, is an intensely coloured substance, closely 
resembling phthalocyanine in physical and chemical properties and identical with it 
in structure except that it contains one methin group in place of an atom of nitrogen 
in the great ring (see formula I). Its preparation from phthalonitrile by the action 
of methyimagnesium iodide and of methyl-lithium has been investigated. The 
homogeneity and structure of the products have been established, mainly by spectral 
analysis and quantitative oxidations. A number of metallic derivatives are described. 
The copper derivative has been compared with the copper compounds prepared by 
Helberger and von Rebay (Annalen, 1937, 531, 279) and by Dent (J., 1938, 1). 

The mechanism of the formation of the triazaporphin ring is discussed. Under 
controlled conditions phthalonitrile reacts with two equivalents of either methyl- 
magnesium iodide or methyl-lithium to yield 3-amino-1 : 1-dimethylisoindole. 

The close similarity in structure of tetrabenztriazaporphin and phthalocyanine 
has been confirmed by a preliminary X-ray investigation by Dr. J.M. Robertson. This 
indicates that a centre of symmetry is present, which is probably due to the fact that 
the molecules display a statistical centre of symmetry in the crystal. 


In January, 1934, Dr. A. R. Lowe, in collaboration with one of us (R. P. L.), examined the 
reaction of Grignard compounds on phthalonitrile, in order to determine whether phthalo- 
cyanine derivatives, particularly N-alkylphthalocyanines, could be prepared in this way. 
The action of phenyl- and benzyl-magnesium halides on phthalonitrile had already been 
examined by Weiss and his collaborators (Monatsh., 1924, 45, 105; 1927, 48, 449), who had 
isolated, with some difficulty, certain isoindole derivatives containing only one phthalo- 
nitrile unit. In our early experiments methylmagnesium iodide gave, among other 
products, a very poor yield of a beautifully crystalline solid with a purple reflex. The 
colour was greener than that of phthalocyanine, and the analytical figures agreed neither 
with phthalocyanine nor with the hypothetical dimethylphthalocyanine [Found : C, 76-4, 
77-1;* H, 3-7, 3-6;* N, 19-1, 19-6, 19-5,* 19-3;* total of mean values, 99-7. Calc. for 
phthalocyanine (C,,H,,N,): C, 74:7; H, 3:5; N, 21-8%. Calc. for dimethylphthalo- 
cyanine (C,,H,.N,): C, 75:3; H, 41; N, 20-7%]. 

A parallel experiment carried out with benzylmagnesium chloride gave phthalocyanine. 
It appeared, therefore, that alkylphthalocyanines could not be obtained by this method, 
and in view of the poor yield, the product obtained by the use of methylmagnesium iodide 
was not further investigated at the time. 

In 1936, Fischer and his collaborators (Amnalen, 521, 122; 523, 154) announced the 
preparation of the first macrocyclic pigments containing four pyrrole rings united by some 
methin links and some nitrogen atoms, and, shortly afterwards, Helberger (Annalen, 1937, 
529, 205) described the copper derivatives of similar compounds containing benzene 
nuclei fused to the pyrrole rings. In view of these developments we re-examined the 
reaction between phthalonitrile and methylmagnesium iodide. t 

The production of a macrocyclic pigment from these reagents is complex, and we refer 


¢t The general title has been modified because of the second meaning attaching to the word 
** Associated.”’ 

* Recent values on the original sample. ; 

+ Since this work was done, the I. G. Farbenindustrie A.-G. have also described the preparation of 
colouring matters of the phthalocyanine type by heating phthalonitrile with a Grignard reagent (B.P. 
480,249). 
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to the mechanism later in this paper. In practice, two main stages are easily recognised : 
(i) A preliminary condensation which occurs in cold ethereal solution. If the product 
is decomposed, ¢.g., with acid, at this stage, hardly any pigment is isolated. (ii) If the 
solvent is removed, and the residue heated with a little water, or with certain high-boiling 
liquids such as quinoline, cyclohexanol or «-naphthyl methyl ether, magnesium tetrabenz- 
triazaporphin is formed. After removal of the metal by means of acid, tetrabenztriaza- 
porphin (I), CsgH,gN,z, can be isolated in a beautifully crystalline form. The yield, of 
about 40%, is much superior to those reported for other metal-free substances of the 


tetrabenzporphin type, apart from phthalocyanine. 
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4 substance is pre- 
sumed to be a resonance 
hybrid. The _ structure 
shown is chosen arbitrarily 
from a number of possible 


The analytical figures for different preparations are concor- 
dant and agree with formula (I). The results are not affected 
by crystallisation or by sublimation of the compound. Two 
crystalline forms can be isolated (needles and prisms), but 
these are identical in analysis and in spectra and can be con- 
verted one into the other. The substance, therefore, has the 
properties of an individual compound, but these facts are in- 
conclusive, for an unusual difficulty arises in connection with 
it and similar compounds, in which some of the links between 
the isoindole nuclei are methin groups and some are nitrogen 
atoms. 

It is shown later in this paper that the new compound is 
strictly isomorphous with phthalocyanine, and it may be that 
similar compounds containing more than one methin group in the 


mney great ring will also be isomorphous. These macrocyclic pig- 
ments may therefore be expected to form mixed crystals and be separable with difficulty. 
The analytical results given by the substance now under discussion might equally well be 
given by an equimolecular mixture of tetrabenzdiazaporphin (C3,Hg9N,) and phthalo- 
cyanine (C,,H,,.N,) or by some equivalent mixture of phthalocyanine with a less 
nitrogenous analogue. 

In the present case the homogeneity has been established as follows. The new com- 
pound has an absorption spectrum resembling that of phthalocyanine and exhibiting two 
intense bands in the red region. It is compared below with phthalocyanine, the spectrum 
of which has been re-measured with the result shown (cf. Anderson, Bradbrook, Cook, and 


Linstead, J., 1938, 1151) : 


Tetrabenztriazaporphin : 

Amaz., A sssssccessceeee 6940 6520 6380 6220 5920 5700 (both diffuse) 4620 
LOG Gene, : oodeescancen ede 5-19 5-03 4-75 4-66 4-43 4-03 4-03 
Phthalocyanine: 

Amaz., A 7030 6680 6360 6040 5760 5560 

TR Geren, "ons coagascae xt 5-23 5-22 4-75 4-52 4-02 3-88 


The introduction of the methin group brings about a general shift of the band heads 
towards shorter wave-lengths. The most easily detected differences are the shift in the 
maxima of the first two bands. The examination of known mixtures has shown that 5% 
of phthalocyanine can be detected spectroscopically in the tetrabenztriazaporphin, and we 
believe that the product of the Grignard reaction is substantially free from phthalocyanine. 
Hence, from the analytical figures, it must also be free from tetrabenzdiazaporphin or a 
less nitrogenous pigtnent. 

This is supported by a spectroscopic examination of the metallic derivatives. Tetra- 
benztriazaporphin reacts with metallic copper, zinc, and magnesium, and with ferrous 
chloride in boiling quinoline, to give the corresponding copper, zinc, magnesium and ferrous 
derivatives. These are of the same type as the metallic phthalocyanines, and have the 
general formula C,,H,,N, Metal”. They differ from the corresponding metallic phthalo- 
cyanines in absorption spectra in the manner described in detail in the experimental 


section. The differences are clearly marked in the zinc derivatives. Zinc phthalocyanine 


has a very intense band in the red region at 6810 A (log emax. 5-35) and a feeble band at 
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6490 A (log emax, 4°48). Zinc tetrabenztriazaporphin has two bands in this region, closer 
together and much more equal in intensity (6780 A, log emax. 5-23 and 6540 A, log emax, 
5-00). Moreover, copper phthalocyanine has a sharp maximum at 6120 A (log tmax. 4°77), 
whereas the absorption curve of copper tetrabenztriazaporphin shows only a series of ill- 
defined inflexions in this region. 

When tetrabenztriazaporphin is heated with cupric chloride, a monochlorinated copper 
derivative is formed. This resembles the corresponding derivative of phthalocyanine 
(Dent and Linstead, J., 1934, 1027). The lithium derivative of tetrabenztriazaporphin 
also resembles the corresponding metallic phthalocyanine in being soluble in cold alcohol, 
acetone and similar solvents (cf. Barrett, Frye, and Linstead, J., 1938, 1157). The new 
method therefore provides a simple and rapid method of preparing a considerable range of 
metallic compounds of this series. 

The resemblance to phthalocyanine in spectrum and general properties, including the 
power of combining with metals, suggests the analogy in structure which is represented in 
(I). This general resemblance has also led Helberger and Dent (locc. cit.) to propose similar 
formule for the metallic compounds made by their methods. In no case, however, has 
the benzazaporphin structure been rigorously proved. This has now been done by two 
different methods. 

It was shown by Dent, Linstead, and Lowe (J., 1934, 1036) that phthalocyanine and its 
metallic derivatives were quantitatively oxidised by acid ceric sulphate to phthalimide : 


C3.H, Ng - 7H,O ate O = 4C,H,O,.N a 4NH, . . . . (i) 


It would not be expected that tetrabenztriazaporphin would be oxidised to phthalimide 
so easily because of the presence of the methin bridge; and before complete fission could 
occur, this group would have to be oxidised to carbon dioxide and water. The oxidative 
fission of tetrabenztriazaporphin would then involve the process : 


CysHN, + 50 + 5H,O = 4C,H,O,.N+CO,+3NH, . . . (ii) 


In practice we have been able to realise this reaction quantitatively, or semi-quanti- 
tatively, in all respects. Tetrabenztriazaporphin is more resistant towards oxidising 
agents than is phthalocyanine, but can be completely oxidised by both acid permanganate 
and acid ceric sulphate. Permanganate oxidation yields phthalimide in 84% yield (on 
the basis of the above equation), and at the same time 3 mols. of ammonia are liberated, 
Under similar conditions phthalocyanine yields 4 mols. of ammonia. For measuring the 
oxygen uptake quantitatively, rather more drastic conditions than those for the oxidation 
of phthalocyanine are necessary, the pigment being heated to 100° with a considerable 
excess of ceric sulphate. An amount of oxygen corresponding to nearly 5 atoms per molecule 
is then taken up. Under the same conditions, phthalocyanine takes up only 1-1 atoms of 
oxygen per molecule, and the method is therefore suitable for the estimation of mixtures of 
the macrocyclic pigments. Copper tetrabenztriazaporphin also is oxidised by acid ceric 
sulphate, but in this case the oxidation is slower, and the quantitative results not quite 
so accurate, about 4-7 atoms of oxygen per molecule being taken up. By a modification of 
the experimental technique we have also estimated the carbon dioxide liberated during the 
ceric sulphate oxidation. Phthalocyanine gave hardly any carbon dioxide; tetrabenz- 
triazaporphin gave 1 mol. Equations (i) and (ii) are thus confirmed completely. These 
results exclude the possibility of the new pigment being a methylated phthalocyanine. 

In experiments on the oxidation with ceric sulphate the initial blue-green pigment 
became purple. The purple compound reverted to the original pigment so readily as to 
prevent its isolation. Reducing agents such as stannous chloride brought about this 
reversal instantaneously. The purple compound was fairly stable to dilute sulphuric acid, 
but was very rapidly dissolved by the addition of more ceric sulphate. 





Dr. J. M. Robertson kindly carried out a preliminary X-ray investigation of tetrabenz- 
triazaporphin and its copper derivative, using monoclinic needles prepared by sublimation. 
The samples were analytically pure and showed no phthalocyanine bands in the spectra. 
Dr. Robertson reports as follows : ‘‘ The crystals were similar in habit to the corresponding 
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phthalocyanines (see J., 1935, 615). They were examined photographically with Cu Ka 
radiation. Rotation photographs about the needle axis (the 6 crystallographic axis) 
of the two compounds appeared to be identical with those of the corresponding 
phthalocyanines. Direct measurements of the periodicity gave the following results : 


Tetrabenztriazaporphin : 6 = 4-72, 4-71, 4-74, 4-74, 4-72, 4-71; 
mean 4-725 A (for metal-free phthalocyanine, ) = 4-72 A). 
Copper tetrabenztriazaporphin : b = 4-76, 4-80, 4-77, 4-78, 4-78; 

mean 4-78 A (for copper phthalocyanine, b = 4-79 A). 


“The intensities of the reflections were examined, and compared with those of the 
corresponding phthalocyanines by moving-film photographs of (h0/) zones, taken on the 
two-crystal spectrometer (Phil. Mag., 1934, 18, 729). No additional reflections were 
observed and the intensities appeared to be practically identical with those of the corre- 
sponding phthalocyanines, although some very small and rather doubtful changes in the 
higher orders were noted in the case of the metal-free compounds. 

‘“‘ These results show that the structure, dimensions, and arrangement of the tetrabenz- 
triazaporphin molecules in the crystal must be almost, or completely, identical with those in 
the corresponding phthalocyanine molecule. In particular, the molecule of tetrabenz- 
triazaporphin appears to display a centre of symmetry in the crystal. This at first sight 
contradicts the chemical evidence leading to the structure (I). There are two possible 
explanations : 

(1) The deviation from centre-symmetry required by the chemical evidence is small, 
involving a substitution (-CH= for -N=) which would have little effect on the dimensions 
or on the scattering power for X-rays. It is possible that much longer exposures and more 
careful examination might reveal additional intermediate reflections, due to a super- 
lattice, which would change the space graph and hence the conclusion drawn about the 
molecular symmetry. In view of the experimental conditions and the precautions taken, 
this seems unlikely. 

(2) It appears much more probable that the molecules display a statistical centre of 
symmetry in the crystal, due to a random distribution of the molecules with respect to the 
unique —CH= group. The differences in the potential energy for the molecule in different 
positions with respect to the -CH= group of its neighbours would obviously be very small, 
so that a random arrangement seems likely, and perhaps inevitable. Comparison should 
be made with the work of Hendricks (Z. Krist., 1932, 84, 85) on the statistical centre of 
symmetry reported in #-chlorobromobenzene, and with that of Pauling (J. Amer. Chem. 
Soc., 1924, 46, 2738) on ammonium oxyfluoromolybdate.”’ 


In view of Gilman and Kirby’s demonstration (J. Amer. Chem. Soc., 1933, 55, 1265) 
that certain aromatic nitriles are more readily attacked by methyl-lithium than by methyl- 
magnesium iodide, the reaction between phthalonitrile and methyl-lithium was next 
examined. As with the Grignard reaction, appreciable quantities of macrocyclic pigment 
were only obtained when the initial reaction was followed by a period of heating at a 
relatively high temperature. Thus, when phthalonitrile reacted with an equimolecular 
amount of methyl-lithium at 0° and the product was heated to about 200° with cyclo- 
hexanol, it gave some 15% of a pigment approximating in composition to tetrabenz- 
triazaporphin. There are, however, indications that this material contains some 
tetrabenzdiazaporphin or a similar less nitrogenous pigment. 

Under these conditions only a small proportion of the methyl groups supplied in the 
reagent appear as methin groups in the final product. Hence weexamined the action of a 
deficiency of methyl-lithium on phthalonitrile, but although this gave a better yield of 
total pigment (35%), the product contained a large proportion of phthalocyanine. 

When -butyl-lithium (Ziegler and Colonius, Amnalen, 1930, 476, 135) was used in 
place of methyl-lithium, a mixture of a triaza~-compound and phthalocyanine was obtained. 
This fact, taken together with earlier results with benzylmagnesium chloride, indicates 
that the tendency for organo-metallic compounds to yield macrocyclic pigments containing 
carbon links is greatest with methyl derivatives. Organo-metallic compounds containing 
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larger groups tend to give more phthalocyanine, and even with methyl reagents some 
phthalocyanine can be formed under suitable conditions. 

An insight into the mechanism of the reaction was provided by a study of the effect 
of an excess (2 mols.) of methyl-lithium on phthalonitrile. The product was “ baked” at 
200° with cyclohexanol. From the residue a basic product was isolated as the picrate, 
m. p. 255°. This yielded the free base, C,9H,.N,, m. p. 144°, which is regarded as 3-amino- 
1 : 1-dimethylisoindole (IV), analogous to the amino-dibenzylisoindole of Weiss and Freund 
(Monatsh., 1924, 45, 105). The formation of the base is attributed to the following series 


of reactions : 


on CN a CMe, 
Sie ° X 
WN Bes NLi —> COs — Li—> N 
cS 
N N OY: ‘NLi NH, 
(IT.) (III.) (IV.) 


Examples of the addition of alkyl-lithiums both to cyano-groups and to the -C=N bonds 
of heterocyclic nuclei have been observed by Ziegler (summary in Angew. Chem., 1936, 
49, 455). 

Since phthalonitrile can react with 2 mols. of methyl-lithium, it became of interest to 
examine the reaction with an excess of the Grignard reagent. A series of experiments were 
therefore performed in which the nitrile was treated in the cold with 1, 1-5, and 2 mols. of 
methylmagnesium iodide. No pigment was formed in any experiment, and a considerable 
amount of nitrile escaped reaction in the first two experiments, but not in the third. This 
showed that the first product (similar to IT) reacted more readily with the Grignard reagent 
than did the free nitrile. The amino-dimethylisoindole (IV) formed in this reaction eluded 
isolation until it was found that it was so strong a base that it displaced ammonia from the 
ammonium chloride used in the working up of the organo-metallic compound. It was 
readily isolated from the aqueous layer and identified with the base made by the use of 
methyl-lithium. 

The important fact emerges that in the preparation of tetrabenztriazaporphin from 
equimolecular quantities of phthalonitrile and methylmagnesium iodide, an excess of the 
nitrile remains at the end of the first condensation. This nitrile is clearly the intermediate 
responsible for the nitrogen links in the triaza-compound. The unique methin link might 
reasonably be provided by an intermediate of type (IT) or of type (III). If (II) were con- 
cerned, it would react with a further molecule of phthalonitrile to give (V) and eventually, 
by a suitable lengthening of the chain and closing of the isoindole rings, the tetra-isoindole 


compound (VI). 
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So far the reaction scheme is reminiscent of that of Ziegler (loc. cit.) for diene polymerisation. 
The ting closure of (VI), involving an elimination of lithiumamide, would occur during the 
second stage of the reaction. The potential lithiumamide would attack the alcoholic 
reagent with the liberation of ammonia, or the methoxyl group of naphthyl methyl ether 
with the elimination of methylamine (both «-naphthol and methylamine have, in fact, 
been identified in the product in the latter case). Lithiumamide is known to undergo 
reactions of both these types. . The unstable dehydro-compound (VII), obtained in this 
way, would finally acquire the metallic atom or atoms to form the derivatives of tetrabenz- 
triazaporphin. 

Alternatively, a similar chain of reactions might be started by the metallic derivative 
of aminodimethylisoindole (such as III). The final ring closure, corresponding to the 
change (VI) —-> (VII), would then involve the elimination of methylamine. 

The mode of formation of the triazaporphin ring in these particular reactions is part of 
the broad problem of the mechanism of formation of methin and nitrogen links in macro- 
cyclic pigments in general. As this is still being investigated in connection with a study 
of less nitrogenous analogues, further discussion may be postponed. It may be said, 
however, that of the alternatives mentioned above, the first appears more probable, 
because the interaction of free aminodimethylisoindole, phthalonitrile and magnesium 
acetate leads to a mixture of macrocyclic pigments containing magnesium tetrabenz- 
monoazaporphin and quite different from the almost homogeneous triaza-material produced 
by the Grignard reaction. The freedom of the latter product from less nitrogenous 
pigments is attributed to the ease of the combination of (IT) with pithalonitrile. 

The formation of phthalocyanine when a deficiency of methyl]-lithium is used is attributed 
toa primary seizure of metal, without the introduction of a methyl group, to give a “ cyanyl,”’ 
CN-C,H,-C:NLi, analogous to the ketyls. This radical then undergoes a chain reaction 
with phthalonitrile, and the intermediate containing four units cyclises to phthalocyanine. 

When pigment formation is carried out in the absence of free phthalonitrile, 7.e., from 
the product of its reaction with a large excess of Grignard reagent or inethyl-lithium, more 
highly methinated compounds are formed. These will be described in a later paper. 

Finally, the copper tetrabenztriazaporphin, prepared from the metal-free compound as 
described above, was compared with material obtained in poor yield by the method of 
Helberger and von Rebay (Amnalen, 1937, 581, 285) by the action of cuprous chloride on a 
mixture of phthalonitrile and o-cyanoacetophenone, and with that prepared by Dent’s 
method (loc. cit.) from methylenephthalimidine. We find that both these products are 
substantially identical with our compound, and their structure is therefore confirmed. 
The product made by Helberger and von Rebay’s method required a rather high amount 
of oxygen for complete oxidation (5-6 atoms) and therefore appears to contain a less nitro- 
genous pigment as impurity, probably the corresponding diaza-compound. This is not 
surprising, as Helberger and von Rebay obtained copper tetrabenzdiazaporphin by the 
same reaction, using a smaller proportion of phthalonitrile. The material made by Dent’s 
method contained a small proportion of copper phthalocyanine, as it had a sharp absorption 
band at 6120 A. 

EXPERIMENTAL. 

Grignard Reaction on Phthalonitrile—1 [With A. R. Lowe]. The Grignard compound 
prepared from 1 g. of magnesium and an excess of methyl iodide in 80 c.c. of dry ether was 
treated with 10 g. of phthalonitrile in the cold. The product was warmed for 15 hours on the 
steam-bath, the solvent removed, and the tarry residue decomposed with 300 c.c. of cold water, 
to which 15 c.c. of concentrated hydrochloric acid were subsequently added. The dark green 
residue was extracted successively with hot dilute hydrochloric acid and with hot alcohol. 
The final residue (0-5 g.) was dissolved in concentrated sulphuric acid and precipitated by water. 
It had the appearance of phthalocyanine, but was greener in shade. Crystallisation from 
quinoline gave long needles with a purple lustre. The analytical figures agreed with those 
required for tetrabenztriazaporphin, but the absorption spectrum showed that the product 
contained some phthalocyanine (see below). 

A similar preparation, benzylmagnesium chloride being used, gave a small yield of free 
phthalocyanine, indistinguishable from authentic material in colour and spectrum and yielding 


correct analytical figures. 
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2. The best yield of pure tetrabenztriazaporphin was obtained as follows: ‘A solution of 
methylmagnesium iodide was prepared from 2-4 g. of magnesium and 6-5 c.c. of methyl iodide 
in 100 c.c. of ether; this was decanted from the residual metal and added to a mixture of 
12-8 g. of finely powdered phthalonitrile and 50 c.c. of ether. The liquid at once turned reddish- 
brown and the nitrile dissolved. After a minute or two, a dark brown tarry mass began to 
separate; the ether commenced to boil gently and the reaction was allowed to proceed without 
cooling. It was convenient not to use a reflux condenser, but to allow the ether to distil off 
during this operation. After a few hours the remainder of the ether was removed on the steam- 
bath. The tarry residue was rapidly heated to 200°. Several drops of water were then allowed 
to fall on the reaction mixture, whereupon a vigorous evolution of white fumes took place. 
After a few minutes, a little more water was added, until in all3c.c. had been used. Towards the 
end of the process, iodine vapour was liberated. Further addition of water then gave rise to 
no more white fumes. After a further $ hour at 200°, the powdery residue was cooled, crushed, 
and repeatedly extracted with a mixture of alcohol and 10% concentrated hydrochloric acid 
When the extracts were no longer coloured brown, the residue was washed with absolute alcohol 
and dried in the steam-oven. The crude pigment thus obtained was freed from magnesium by 
dissolution in concentrated sulphuric acid, followed by filtration and precipitation with ice. 
The green precipitate was collected and washed repeatedly with hot water containing a little 
ammonia. It was dried at 100°, and crystallised from chloronaphthalene in the usual apparatus 
(Barrett, Dent, and Linstead, loc. cit.). Yield, 4-7 g. 

Tetvabenztriazaporphin (I) formed needles with a strong purple reflex. It was sparingly 
soluble in pyridine, more soluble in quinoline and chloronaphthalene (green solution), The 
solution in concentrated sulphuric acid was tawny brown, and addition of a drop of nitric acid 
gave an intense crimson colour fading after a few minutes (cf. Dent, loc. cit.). When the sub- 
stance crystallised from boiling chloronaphthalene, the needles were contaminated by plates 
with a similar reflex. No separation could be effected by chromatographic adsorption on 
alumina from chloronaphthalene solution, but the two kinds of crystals could be separated by 
fractional sedimentation in alcohol. The more compact plates sank first, and the needles 
could be poured off with the supernatant liquid. Recrystallisation of the plates from much 
chloronaphthalene gave only needles; recrystallisation of the needles from a concentrated 
solution gave both forms. The spectra of the solutions of the two forms were identical (see 
below). When heated in a current of carbon dioxide under reduced pressure, the compound 
tended to melt, and then sublimed, giving lustrous needles. Analyses of the various products 
are tabulated below : 


Cc. H. N. Total, %. 

Found (plates) ......ccccceceeceeeseeee = 772 3-6 19-1, 19-1 99-9 

OMMSR) | on cvspwidser cos cesceentsi) TIM 3-6 19-2, 19-2 100-0 

(sublimed) . ede consconnaits. Foam 3-5 19-3 100-1 
(another prepn.) ptreccnececse | 00% 3-9 —_— —_ 

(original sample) ............. 76-4, 77-1 3-7, 3-6 19-1, 19-6, 19-5, 19-3 99-8 

Mean of above values ............... 77-1 3-6 19-3 100-1 
Cy,H,,N, requires .......... 77-2 3°7 19-1 — 


The absorption eanied of all the compounds described in this papet were determined in 
chloronaphthalene solution by means of a Hilger constant-deviation spectrometer. The inten- 
sities of the main bands are of the same order as those of the corresponding bands of phthalo- 
cyanine. The main band of tetrabenztriazaporphin can easily be detected ina layer 1 mm. thick 
of a solution containing 1-56 mg. per litre. 

The quantitative measurements of intensities were carried out by means of a Hilger—Nutting 
spectrophotometer with a solution of about 1 mg. of pigment in 100 c.c. of chloronaphthalene. 
In general, this solution gave convenient intensities when a 2 cm. column was used; for the 
strongest bands, dilution to one-fourth of this concentration was necessary. No change was 
observed after the solutions had stood for 5 days, providing they were reheated to dissolve any 
pigment which might have separated. 

The spectra of the plates, needles and sublimed pigment, prepared as above, were identical, 
with maxima at: 


I 6940, II 6635 (inflexion), III 6520, IV 6380, V 6220, VI 5920, VII 5700, VIII 4620 A. 
Intensities: I> III>II>IV>V> Vi> VIII > VII. 
A quantitative examination of the spectrum of the needles gave the following results : 


DLA)... csecredrrice ses one onease: ) CREO 6520 6380 6220 5920 (diffuse) 5700 4620 
TREE ccvccccsecvescessetonces EO 5-03 4-75 4-66 4-43 4-03 4-03 





ae 
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The original 1934 sample showed maxima at : 
I 6920, II 6640, III 6500, IV 6350, V 6170, VI 5910 A. 
Order of intensities: I> II > II> V> VI> IV. 


There is a general resemblance to the triaza~-compound, but the increased strength of the 
6640 band indicates the presence of an appreciable proportion of phthalocyanine. 

Oxidation of Tetrabenztriazaporphin.—After many comparative experiments, the following 
conditions were found to be satisfactory. 

(i) Measurement of oxygen taken up. A known weight of the pigment (ca. 80 mg.) was dis- 
solved in 5 c.c. of concentrated sulphuric acid and precipitated in a finely divided condition 
by the addition of about 50 g. of pure ice. wN/10-Ceric sulphate (50 c.c.) was added, and the 
mixture kept at the b. p. for 20 minutes. The solution was then rapidly cooled and treated with 
a measured excess of n/10-ferrous ammonium sulphate (30—35 c.c.). After the addition of a 
few drops of disulphine-blue, the solution was titrated with ceric sulphate. Under these condi- 
tions, tetrabenztriazaporphin, prepared as above, took up 4-80, 4-76, 4-90 atoms of oxygen per 
mol. 

These conditions are slightly more drastic than those originally used for the oxidation of 
phthalocyanine (Dent, Linstead, and Lowe, loc. cit.). When phthalocyanine was oxidised 
under the new conditions, the oxygen uptake was 1-11, 1-13, 1-08 atoms per molecule; this is 
sufficiently near to the theoretical value of 1-00 to make the method practicable for the estimation 
of mixtures. 

(ii) Measurement of carbon dioxide evolved. During the oxidation by ceric sulphate, carbon 
dioxide was freely evolved, and was estimated as follows : About 150 mg. of the pure pigment were 
dissolved in sulphuric acid and precipitated with ice, and 50 c.c. of n/10-ceric sulphate were 
added, together with 100 c.c. of boiled-out distilled water. The mixture was then heated to 
boiling while air free from carbon dioxide was slowly aspirated through the solution by means 
of a filter pump. On its way to the pump, the vapour emerging from the reaction mixture 
passed through a splash-head, and then through a vertical condenser leading into an absorption 
flask containing 8 c.c. of N/5-baryta. Any carbon dioxide which escaped absorption was trapped 
in a Peligot tube containing a further 2 c.c. of the baryta solution. After 1 hour, during which 
some 80 c.c. of water had distilled over, heating was discontinued, and the current of air main-. 
tained for a further 2 hours. The baryta solution was then filtered through a sintered glass funnel, 
the pores of which had been blocked with barium carbonate, and the excess of baryta in the filtrate 
and washings was titrated with standard acid. The residual ceric sulphate in the oxidation 
vessel was estimated as already described. 


Mols. CO,/mol. pigment. Atoms O used. 
Tetrabenztriazaporphin ............... 0-93, 0-91 (calc., 1-0) 4-85, 4-76 (calc., 5-0) 
Phthalocyanine ...............esssssssee0. 0°12 (calc., nil) 1-02 (calc., 1-0) 


(iii) Estimation of phthalimide and ammonia. Phthalimide could not be isolated from the 
solution obtained when tetrabenztriazaporphin was oxidised with ceric sulphate, since the long 
period of heating led to hydrolysis to phthalic acid. 100—150 Mg. of the pigment were dispersed 
with the aid of sulphuric acid, and heated at 70° for 10 minutes with an excess of potassium 
permanganate solution. The product was cooled quickly, and decolorised with sodium bisul- 
phite. The imide was then thoroughly extracted with ether, the extract dried, and the solvent 
removed in a weighed flask; a residue of phthalimide was left. The ammonia produced by 
hydrolysis of the aza-links was estimated in the aqueous solution after removal of the imide, 
by Kjeldahl’s method. The results below are expressed as mols. of product per mol. of pigment. 


Yield of imide. Yield of ammonia. 
Tetrabenztriazaporphin ............... 336, 3-04 (calc., 4-0) 3-03, 3-04 (calc., 3-0) 
Phthalocyanine: ............sssseeeceeeeees 3°80 (calc., 4-0) 3-97 (calc., 4-0) 


The rather low yield of phthalimide from the triaza-compound may be due to mechanical 
loss (e.g., absorption by the drying agent); the almost correct ammonia figure shows that 
little remains in the aqueous layer. The imide was in all cases identified by m. p. and mixed 


m. p. 229°. 


A mixture of the triaza-compound and phthalocyanine was produced by the following 
modification of the preparative method; The reagent prepared from 4-8 g. of magnesium and 
14 c.c. of methy] iodide in 100 c.c. of anisole was added to a solution of 25-6 g. of phthalonitrile 
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in 100 c.c. of anisole, at the b. p. The mixture became orange and then green and a little pig- 
ment crystallised. The heat of reaction kept the mixture at the b. p. for a few minutes; the 
product was then heated for a further 5 minutes and allowed to cool overnight. The product 
was decomposed with 250 c.c. of 20% ammonium chloride solution; the tar which separated was 
collected and extracted with alcohol until all the anisole was removed. The residue of crude 
pigment was purified by solution in concentrated sulphuric acid, filtration and precipitation with 
ice. The precipitate was washed, dried, and crystallised from chloronaphthalene. Yield, 
4-5 g. of lustrous crystals. The substance showed three strong bands at 6950, 6640, 6480 A and 
weaker bands at 6330, 6200 and 5950 A (the last appeared to consist of two weak bands). The 
pigment contained phthalocyanine, as shown by the strong 6640 band and by analysis of a 
sublimed sample (Found: C, 76-2; H, 3-7; N, 20-2, 20-5. Calc. for Cyg,H,,N,: C, 74-7; 
H, 3-5; N, 21-8%. Calc. for C,;,H,.N,: C, 77-2; H, 3-7; N, 19-1%). 

Reactions with Methyl-lithium.—For the preparation and use of methyl-lithium, the tech- 
nique described by Gilman, Zoellner, and Selby (J. Amer. Chem. Soc., 1932, 54, 1957; 1933, 
55, 1252) was followed, a yield of about 60% being obtained. 

1. The methyl-lithium from 12-5 c.c. of methyl iodide and 3 g. of lithium in 120 c.c. of ether 
was blown through a gauze filter into an ice-cold solution of 12-8 g. of phthalonitrile in 120 c.c. 
of dry ether. The white precipitate which separated rapidly turned brown. The ether was 
then removed, 25 c.c. of cyclohexanol added, and the mixture heated at 200° for 2 hours, 
some ammonia being evolved. The green residue of lithium pigment was dissolved in hot 
alcohol, and the solution acidified with a slight excess of concentrated hydrochloric acid. 
This precipitated the pigment but not the tar. The pigment was washed, dried, and crystallised 
from chloronaphthalene. Yield, 1-0 g. of lustrous needles (Found: C, 77-6; H, 3-9; after 
sublimation: C, 78-1, 78-1; H, 3-85, 3-9; N, 18:3%). Spectrum: I 6950, II (6670), III 
6520, IV 6390, V 6230, VI 5930 A. Order of intensities: I> II>HII, IV, V> VI. 
Although the spectrum closely resembles that of tetrabenztriazaporphin, the high carbon 
and low nitrogen figures indicate the presence of some less nitrogenous impurity (Calc. for 
tetrabenzdiazaporphin, C,,H,,.N,: C, 79-7; H, 3-9; N, 16-4%). 

2. A similar experiment was performed in more dilute solution (500 c.c. of ether), and the 
product decomposed by addition of water without the removal of solvent. A dark tar, con- 
taining no pigment, was thus obtained. It was washed with a little water, dried on filter-paper, 
and heated at 200° for 30 minutes with 25 c.c. of a-naphthyl methyl ether. Extraction of the 
product with alcohol left a pigment, which was purified as before. Yield, 1-2 g. (Found: C, 78-5, 
78-7; H, 3-6, 3-6; N, 17-6%). The compound showed strong bands at 6960, 6520, and 6370 A, 
and weaker bands at 6220 and 5930 A. Here again, there is a definite indication of the presence 
of a less nitrogenous pigment. 

During the heating at 200° a current of air was passed through the reaction vessel, and then 
through tubes containing broken glass moistened with hydrochloric acid. At the end of the 
heating the liquid in the absorption tubes was extracted with ether (A), and the acid layer 
evaporated to dryness. The residue was extracted thoroughly with alcohol, which left solid 
ammonium chloride. The alcoholic extract was evaporated to dryness, and the process repeated. 
The residue from the final extract was identified as methylamine hydrochloride by conversion into 
the base and by the colour reaction with tetrachloroquinone. The ethereal extract (A) was 
extracted with alkali. The neutral product was identified as «-naphthyl methyl] ether (trinitro- 
benzene derivative, m. p. 137°) and the phenolic product as «-naphthol (ferric chloride reaction ; 
picrate, m. p. 188°). 

3. Experiment 1 was repeated, 1 mol. of methyl-lithium to 3 mols. of nitrile being used. 
From 12 g. of nitrile, there were obtained 3-5 g. of crystalline pigment (Found: C, 75-8; H, 
3-8%). The spectrum showed strong bands at 6950, 6650 and 6510 A and weaker bands at 
6200 and 5950 A. The prominent band at 6650 A showed the presence of phthalocyanine ; 
this was confirmed by analysis, and by ceric sulphate oxidation, which gave values of 2-8, 2-8 
atoms of oxygen per mol. This product therefore contained approximately equal parts of 
phthalocyanine and tetrabenztriazaporphin. 

4. The reaction between 1 mol. of methyl-lithium and 4 mols. of nitrile (12 g.) yielded 4-3 
g. of a pigment identical in its spectrum with the above (Found: C, 75-7; H, 3-7%; oxidation 
values, 2-7, 2-7 atoms O). 

During the course of these experiments, it was observed that if the heating with cyclohexanol 
was carried out at 250°, the pigment was insoluble in alcohol. Presumably this is due to removal 
of the lithium by the cyclohexanol. 


5. Reaction of excess of methyl-lithium on phthalonitrile. An ethereal solution of methyl- 
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lithium prepared as above from 3 g. of lithium and 12-5 c.c. of methyl iodide was added to an 
ice-cooled suspension of 6-4 g. of phthalonitrile in ether (ca. 2 mols. of methy]l-lithium to 1 mol. 
of nitrile). After 15 minutes’ stirring, during which time the original buff precipitate became 
brown, the mixture gave a positive Gilman test (J. Amer. Chem. Soc., 1925, 47, 2002). The 
ether was then distilled off, and the pasty residue heated at 200° for 4 hour in a wax-bath; 
20 c.c. of cyclohexanol were added to destroy any residual methyl-lithium. The residue was 
cooled and extracted with boiling alcohol, and the extract filtered and treated with 50 c.c. of 
concentrated hydrochloric acid. It was then diluted with water to four times its original 
volume and boiled with activated charcoal. The solution was filtered, made alkaline with excess 
of caustic soda, and thoroughly extracted with ether. The reddish ethereal solution was dried 
over sodium sulphate and concentrated to 20 c.c. An ethereal solution of picric acid was then 
added so long as a precipitate was produced. The solid was repeatedly crystallised from absolute 
alcohol, 3-amino-1 : 1-dimethylisoindole picrate being obtained as a mass of canary-yellow 
needles (0-45 g.), m. p. 255° (Found : C, 50-15, 50-0; H, 4:3, 4-2; N, 17-7. Cy 9H,,.N,,C,H,;O,N, 
requires C, 49-4; H, 3-9; N, 18-0%). 

The picrate was decomposed with caustic soda solution, and the base extracted with benzene. 
The benzene extracts were washed with a little water and dried over sodium sulphate, and the 
solvent removed. Careful recrystallisation of the residue from benzene—petrol gave free 
3-amino-1 : 1-dimethylisoindole (IV), m. p. 144°. It formed needles, soluble in most organic 
solvents with the exception of petrol. It was somewhat soluble in water, the solution being 
strongly alkaline (Found: C, 74:7; H, 7:35; N, 17-3. CyH,,N, requires C, 75-0; H, 7-5; 
N, 17-56%). A better method for the preparation of this base is given on p. 1820. 

Reactions with Butyl-lithium.—n-Buty]-lithium was prepared, following Ziegler and Colonius 
(loc. cit.), from 3 g. of lithium and 18-9 c.c. of -butyl chloride in 120 c.c. of ether. When 
the reagent was added to phthalonitrile (17 g.) in ether (100 c.c.), a purple colour appeared, 
changing to greenish-black. The mixture was decomposed with water and acidified with dilute 
hydrochloric acid. During these operations, the mixture became warm and the ether boiled ; 
a black tar separated. This was filtered off from the water and ether and extracted with 
alcohol, whereupon a small quantity of pigment remained. This was apparently phthalocyanine 
(Found: C, 74:9; H, 3-7. Calc. for C,,H,,N,: C, 74:7; H, 35%). Spectrum: I, 7000; 
II, 6650; III, 6500; IV, 6360; V, 6050; VI, 5790 A. I, II > III, IV, V> VI. 

In another experiment, the »-butyl-lithium from 2 g. of metal and 12-6 c.c. of n-butyl chloride 
was added to 12 g. of nitrile (equimolecular proportions assuming a 70% yield of butyl-lithium, 
as obtained by Gilman, Zoellner, and Selby, Joc. cit.). The product was heated with cyclo- 
hexanol, as for methyl-lithium. The analysis and spectrum of the resulting pigment showed that 
it contained phthalocyanine and either tetrabenztriazaporphin or its n-propyl derivative (Found : 
C, 76-1; H, 40%). Spectrum: I, 6950; II, 6640; III, 6510; IV, 6330; V, 6210; VI, 5950 A. 
Order of intensities: I, II, III > IV > V, VI. 

Metallic Derivatives of Tetrabenztriazaporphin.—Copper derivative.’ Analytically pure 
tetrabenztriazaporphin, made by the Grignard reaction, was heated for 12 hours in boiling 
quinoline with an excess of copper bronze. On cooling, the copper derivative crystallised in 
needles with a purple lustre (Found : C, 68-6; H, 2-9; Cu, 11-6. C,;H,,N,Cu requires C, 68-9; 
H, 2-95; N, 17-1; Cu, 11-1%). When heated under reduced pressure, it tended to melt, and 
then sublimed in needles (Found: C, 68-8, 68-8; H, 3-1, 3-1; N, 17-1, 17-3; Cu, 108, 
11-0%). Spectrum : I, 6840; II, 6550; III, 6270; IV, 6140; V,6000 A. Order of intensities : 
I> II > III, IV, V. 

A simpler method of preparing this substance consisted in treating phthalonitrile with 1 mol. 
of methylmagnesium iodide as described on p. 1815. As soon as the nitrile (12-8 g.) had dissolved, 
and before tar commenced to separate, 5 g. of powdered cuprous chloride were added. The 
mixture was repeatedly stirred to distribute the cuprous chloride throughout the tar as it 
separated. The remainder of the experiment was carried out as described on p. 1815. Yield 
of copper derivative, 5-4 g. (Found: C, 69-4; H, 3-0; Cu, 10-6%). Oxygen uptake from ceric 
sulphate, 4-7, 5-0 atoms/mol. Spectrum: I, 6810; II, 6550: III, 6200; IV, 5950 A. Order of 
intensities : I > II > ITI, IV. 

A quantitative examination of the spectrum of sublimed copper pigment made by the first 
method yielded the following results : 

Mt UAE ssvwnnccecesdegesncrecanccedstocs ED 6550 6270 6140 6000 4460 
LOG veivccvevictsscvevctvesttiovsccce! ORE 5-01 4-58 4-57 4-49 4-15 

A diffuse band at 6440 A, which appears only in unsublimed material, is presumably due to a 

trace of metal-free pigment, or perhaps, copper phthalocyanine. 
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In crystalline form the copper derivative was indistinguishable from free tetrabenztriaza- 
porphin. It dissolved to a brownish-green solution in concentrated sulphuric acid; on dilution, 
it separated as a bluish-green precipitate, much greener than copper phthalocyanine. Dent 
(loc. cit.) observed that the addition of a few drops of nitric acid to the sulphuric acid solution 
of the copper tetrabenztriazaporphin made by his method yielded a brilliant red colour, which 
became brown on standing. The copper compound made by either of the methods described 
above gave a deep greenish-blue colour by the same treatment, provided that only one drop of 
nitric acid was used. More acid produced a red colour, which soon became brown. We have 
repeated this effect with material made by Dent’s method. 

A sample of copper tetrabenztriazaporphin has been prepared * from o-cyanoacetophenone 
by the method of Helberger and von Rebay (loc. cit.). The product was indistinguishable in 
appearance and properties from that described above (Found: C, 69-3, 69-1; H, 2-9, 3-1; 
N, 17-0; Cu, 10-0, 10-2%). Spectrum: I, 6800; II, 6550; III, 6450; IV, 6250; V, 5970A. 
Order of intensities: I> II > III> IV, V. Oxygen uptake, 5-6 atoms/mol. 

A sample of copper tetrabenztriazaporphin prepared by Dent’s method from methylene- 
phthalimidine was kindly supplied by the Research Department of Imperial Chemical Industries, 
Ltd. (Dyestuffs Group). After crystallisation from chloronaphthalene, this appeared identical 
with the samples described above, and gave similar figures on analysis (Found: C, 68-8; H, 
2-9; Cu, 9-8%). It was similar spectroscopically; the 6120 A band of copper phthalocyanine 
was, however, also visible; I, 6800; II, 6560; III, 6460; IV, 6240; V, 6120; VI, 5950 A. 
Order of intensities: I> II> III> V>IV> VI. 

Tetrabenztriazaporphin, when boiled with cupric chloride in chloronaphthalene for 8 hours, 
gives copper monochlorotetrabenztriazaporphin, which is deposited as a microcrystalline greenish- 
blue solid. It cannot be sublimed (Found: C, 65-4; H, 2-6; Cl, 6-0; Cu, 9-6. C,,H,,N,CiCu 
requires C, 65-0; H, 2-6; Cl, 5-8; Cu, 10-4%). Spectrum: I, 6830; II, 6560; III, 6450; 
IV, 6000. Order of intensities: I > II > IV > III. 

Zinc and magnesium derivatives. These were both prepared from the parent compound and 
the respective metals, as described for the copper derivative. Owing to the solubility of the 
magnesium compound, it was necessary to limit the quantity of quinoline used, in order that 
the product should crystallise. Sublimed samples were used for analysis and spectrum measure- 
ments. Zinc derivative (Found: C, 68-8, 69-1; H, 3-0, 3-1; Zn, 10-9, 11-2. . C,,H,,N,Zn 
requires C, 68-8; H, 2-95; Zn, 11-4%). Spectrum: 

PN oo a 6540 6260 6130 5980 4440 4265 

BOD S. . cosccvncerecsccsdeticcspers ORD 5-00 4-43 4-42 4-38 4-20 4-51 


Magnesium derivative (Found: C, 72-6; H, 3-2; Mg, 4-6. C,;H,,N,Mg requires C, 74-0; 
H, 3-2; Mg, 43%). Spectrum: 


DEAD. smatstiicnimiemetin:. San 6810 6580 6300 6150 6000 4480 
Baek @.* 25. ckdscckakbicdeescetctad SD 4-96 4-82 4-30 4-38 4:18 4-18 





On standing in air, the crystals appeared to hydrate in the same manner as do those of 
magnesium phthalocyanine (Barrett, Dent, and Linstead, J., 1936, 1719). Nodefinite compound 
was, however, isolated. 

A simple method for the preparation of magnesium tetrabenztriazaporphin consisted in the 
reaction of equimolecular amounts of methylmagnesium iodide and phthalonitrile (12-8 g.) as 
previously described. After the heating period, the product was removed from the reaction 
vessel and freed from impurities by thorough extraction with alcohol. The residue was then 
directly extracted with chloronaphthalene. This gave 7-1 g. of crude pigment; recrystallisation 
from chloronaphthalene yielded 5-1 g. of magnesium tetrabenztriazaporphin in bronze needles. 

Ferrous tetvabenztriazaporphin was prepared by boiling 5 g. of the metal-free pigment with 
2-5 g. of anhydrous ferrous chloride in 100 c.c. of quinoline. The pigment soon dissolved, giving 
a greenish-blue solution. After about $ hour, the solution was cooled and diluted with benzene 
(3 vols.). After filtration from a little tar, the solution was shaken with dilute hydrochloric acid 
to remove the quinoline. The.ferrous pigment was precipitated; after filtration, washing with 
alcohol, and drying, it crystallised from chloronaphthalene in bronze needles. A sample was 
sublimed for analysis and spectrum measurements (Found: C, 70-0, 69-9; H, 3-1, 3:3; Fe, 
10-3, 9-9. C,3H,,N,Fe requires C, 69-9; H, 3-0; Fe, 9-9%). Spectrum (in choronaphthalene) : 

tM i QUtN, ccescsastieaene” 6350 (diffuse to 6260) 5820 
BOG cic ibis Ste aisccdeTeancce” “EES 4:67 4-23 
* We are indebted to Mr. F. G. Rundall for this material. 
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Like ferrous phthalocyanine, this compound was soluble in aniline, and gave large crystals 
of a solvated pigment; it was also very soluble in pyridine. Absorption spectrum in 
pyridine : 


DADA. tevubiitanihibiinedd tie Sens see 6250 (diffuse to 6110) 5920 5710 
TOI sshihetedieediasniaan ae 4-83 4-46 4-36 


Preparation of 3-Amino-1 : 1-dimethylisoindole (III).—A mixture of 25 g. of finely powdered 
phthalonitrile and 100 c.c. of sodium-dried benzene was cooled in a freezing mixture and, when 
the benzene began to crystallise, a Grignard reagent prepared from 12 g. of magnesium and 32 
c.c. of methyl iodide in 200 c.c. of ether was added. The liquid became reddish-brown and the 
nitrile dissolved. After 7—8 minutes, the addition product was poured on ice (1 kg.), with 
vigorous stirring to prevent local overheating. A brownish-yellow solid separated. The mixture 
was then warmed with 70 g. of ammonium chloride. The greater part of the benzene soon 
separated on the surface; this was decanted as far as possible, and any base was extracted from 
it with a concentrated solution of ammonium chloride. The benzene, which contained a little 
unchanged nitrile, was discarded. The combined aqueous extracts were boiled to drive off 
the residual benzene, and filtered from the tar which remained undissolved. The tar was 
extracted with a boiling solution of 25 g. of ammonium chloride in 150 c.c. of water. The com- 
bined aqueous solutions, containing the organic base and magnesium chloride, were treated 
with aqueous ammonia and a slight excess of sodium phosphate (200 g.). After a short heating 
on the steam-bath, the precipitate of magnesium ammonium phosphate was filtered off and 
washed with a little hot water. The cooled filtrate was made strongly alkaline with 150 g. of 
caustic soda, and continuously extracted with ether for 2 days. Evaporation of the ether 
then left aminodimethylisoindole as a reddish gum in variable yield (4—8 g.). This sometimes 
solidified on standing; usually, however, it was necessary to boil its solution in toluene with dry 
animal charcoal and allow it to crystallise after filtration. By repeating this process, the base 
could be obtained in colourless needles, m. p. 146°, mixed m. p. with the base from methyl- 
lithium, 145° (Found: N, 17-65. Calc.: N, 17-56%). It gave a picrate, m. p. and mixed 
m. p. 255°. : 
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372. Phthalocyanines and Related Compounds. Part XVI. 
The Halogenation of Phthalocyanines. 


By P. A. Barrett, E. F. BrapBroox, C. E. Dent, and R. P. LINSTEAD. 


As the central ring system of the phthalocyanine molecule is of an aromatic type, it 
is to be expected that the four benzene rings fused to it will be comparatively easily 
substituted and not deactivated as in ordinary derivatives of phthalic acid. This has 
been verified experimentally by a study of the halogenation of phthalocyanine. 

Under mild conditions phthalocyanine reacts with free halogens to yield additive 
compounds. At high temperatures and in the presence of catalysts the benzene rings 
are readily substituted. The action of other halogenating agents also has been 
studied. The orientation of the products has been determined by degradation and 
by measurements of absorption spectra. Substitution is uneven, and goes through 
the 4-chloro- and 4 : 5-dichloro- to the tetrachloro-stage. The most highly halogenated 
phthalocyanines obtained by us contain 12 to 13 atoms of halogen in the molecule and 
are bright green. The preparation of these substances by a variety of methods is 
described and their properties are recorded. 


IT was pointed out in 1935 that the presence of large rings of conjugated double and single 
bonds cause the phthalocyanine and porphyrin molecules to acquire an aromatic character 
(Linstead, Ann. Reports, 32, 361). Measurements of molecular dimensions by the X-ray 
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method (Robertson, J., 1936, 1203) have since provided precise evidence that the central 
16-atom ring of phthalocyanine is a resonance hybrid of a similar type to the aromatic. 
The abnormal behaviour of the electrons of the great ring is also shown by measurements 
of magnetic anisotropy (Lonsdale, Proc. Roy. Soc., 1937, A, 159, 157). 

Derivatives of phthalic acid such as the anhydride or dinitrile contain two deactivating 
groups and nuclear substitution is difficult. When, however, the two nitrile groups 
become merged into the central phthalocyanine ring, it is to be expected that this state 
of affairs will no longer hold. The corner benzene rings will be united to a pseudo-aromatic 
unit and the nuclear reactivity should tend to resemble that of diphenyl rather than 
that of phthalonitrile. It may be recalled that Robertson finds the length of the bonds 
connecting the benzene rings to the central ring to be 1-49 A, very similar to the bond 
connecting the two nuclei of diphenyl. In practice it is to be expected that the reactivity 
will be controlled to some extent by the low solubility of phthalocyanine. 

The halogenation of phthalocyanine proceeds readily under conditions which do not 
effect halogenation of phthalonitrile or phthalic anhydride. As in the case of aromatic 
compounds, under mild conditions phthalocyanine forms additive compounds with 
halogens. The position of the halogen atoms in these compounds is unknown. They 
are easily converted, particularly by heat, into substitution products in which the halogen 
atoms enter the benzene nuclei. In both processes the phthalocyanine skeleton is pre- 
served. These facts are therefore in satisfactory agreement with theoretical expectation. 

Phthalocyanine reacts rapidly at room temperature with bromine in carbon tetra- 
chloride solution without elimination of hydrogen bromide. The amount of halogen 
removed from the solution depends upon the concentration and reaches a maximum at 
8 g.-atoms per g.-molecule of phthalocyanine. When the insoluble octabromide so obtained 
is warmed with alkali, all the halogen is removed and phthalocyanine is re-formed. Most 
of the halogen is also removed if the dry octabromide is heated. If the preduct is left in 
contact with bromine in carbon tetrachloride for several weeks, a slow irreversible fixation 
of halogen occurs and the final product contains a considerable amount (up to 40%) of 
bromine not removable by warm alkali. The same change can be effected more readily 
by heating the octabromide in high-boiling solvents. The two stages in the reaction 
correspond with addition, and with substitution in the benzene rings. The substituted 
bromophthalocyanines formed in this way will still add a further 8 g.-atoms of bromine 
from carbon tetrachloride solution. 

When phthalocyanine is heated with bromine to 300° under pressure, both addition 
and substitution occur. Much hydrogen bromide is evolved and a brown solid is formed. 
After the additive bromine has been removed, a green bromophthalocyanine containing 
over 60% of stable bromine remains. The limit of substitution obtainable in this way 
appears to be reached when 13 of the 16 nuclear hydrogen atoms have been replaced. 
Lower temperatures give less highly brominated products. 

The addition of chlorine resembles that of bromine but is less easily followed quanti- 
tatively. At room temperature chlorine gas converts free phthalocyanine and many of 
its metallic derivatives into brown chlorides, from which the halogen is completely liberated 
by warm alkali. When, however, phthalocyanine is heated at 250° with liquid chlorine 
under pressure, addition and substitution both occur and the brown product yields a 
green dodecachlorophthalocyanine on treatment with alkali. These high-temperature 
reactions provide another illustration of the great stability of the phthalocyanine ring. 

Phthalocyanine can also be chlorinated by the action of boiling thionyl chloride, 
sulphuryl chloride, and similar reagents noted in the experimental section. No additive 
products appear under the conditions of reaction, and hydrogen chloride is at once evolved. 
The products are blue to blue-green and not very highly chlorinated. When heated with 
sulphuryl chloride under pressure at 230°, phthalocyanine gives a green chloro-derivative 
containing 13 atoms of chlorine per molecule. High chlorination can be achieved without 
the use of pressure by passing chlorine gas through a suspension (partial solution) of 
- phthalocyanine in thionyl chloride at the boiling point. This reaction is assisted by the 
presence of catalysts, particularly sulphur monochloride, pyridine and iodine (see also 
B.P. 461,268). The products are green and contain from 10 to 13 atoms of chlorine per 
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molecule.* If catalysts such as aluminium and ferric chloride are used, the metal becomes 
attached to the centre of the phthalocyanine ring and cannot be displaced. Chlorination 
and bromination can also be effected by the action of the free halogens in fuming sulphuric 
acid solution, but considerable fission occurs and the yields are small. Iodination has 
not been realised. Copper phthalocyanine, like the metal-free compound, is readily 
brominated by bromine under pressure. Typical chlorophthalocyanines easily yield their 
copper and lead derivatives on treatment with copper and litharge respectively in high- 
boiling solvents. This shows that the central acidic hydrogen atoms are not affected 
by the halogenation. 

Properties of Halogenated Phthalocyanines.—On the introduction of the first four atoms 
of halogen the colour becomes slightly duller but is otherwise very little changed. Further 
substitution leads to progressively greener shades, a pure green being obtained when 
about 10 atoms of halogen have been introduced. Bromine has a greater influence than 
chlorine. Measurements of absorption spectra and their bearing on the problem of 
orientation are discussed later. 

Chlorination of phthalocyanine leads to an increase of the solubility in chloronaphthalene 
until about 8 atoms of chlorine have been introduced. More highly chlorinated phthalo- 
cyanines are, however, very sparingly soluble. Bromination similarly produces an increase 
in solubility until about 4 atoms of bromine have entered, after which the solubility 
decreases. Another well-defined alteration in properties lies in the behaviour with sul- 
phuric acid. Phthalocyanine itself dissolves fairly readily to give a yellow-brown solution. 
With the entry of halogen atoms the solubility in sulphuric acid decreases and the colour 
of the solution changes progressively to a brownish-red. These solutions have no clearly 
banded spectra. 

The halogenated phthalocyanines described in this paper could not be obtained macro- 
crystalline. Sublimation led to decomposition, and crystallisation gave micro-crystals 
which may have been mixtures. No separation could be achieved by fractional extraction 
with boiling solvents, there being no perceptible change in the colour of successive extracts. 

Orientation.—The structures of a number of chlorophthalocyanines prepared by different 
methods of chlorination have been determined by degradation to the corresponding chloro- 
phthalic acids. This has been effected in the two stages: (i) oxidative fission to chloro- 
phthalimides by ceric sulphate in sulphuric acid (Dent, Linstead, and Lowe, J., 1934, 
1036) and (ii) hydrolysis by sulphuric acid at 170° to the corresponding chlorophthalic 
acids or anhydrides. These acids were then separated by taking advantage of the 
difference between the ease with which they yield anhydrides, or by means of partial 
esterification. 

Typical results are summarised below : 


Chlorine content (g.-atoms/mol.). Chlorophthalic acids isolated. 
5-5 4-monochloro- (53%) 
8-2 4: 5-dichloro- (22%); tetra- (3%) 
10 (made with spci,) 4; 5-dichloro- (23%); tetra- (19% 4) 
: (made without SbCI,) 4: 5-dichloro- (33%) ; tetra- (26% 
4: 5-dichloro- (5%); tetra- (50%) 


The figures in parenthesis give the yields of fission products expressed in terms of the 
corresponding chloroisoindole corners of the phthalocyanine molecule. Thus, 25% 
dichloro- indicates that the yield of dichlorophthalic acid corresponded with the fact 
that one of the four corners was dichlorinated. 

It will be seen that only three acids have been isolated. The total equivalent yields 
never exceed 60% and sometimes are much lower. The bulk of the loss occurs during 
the hydrolysis of the imides, and the separation of the acids, for a good yield of mixed 
imides is obtained in the oxidation. The loss may be shared among the various fission 
products, or it may occur at the expense of one or two. Comparative experiments under 


* A high degree of chlorination can be achieved in phthalic anhydride solution in the presence of 
antimony pentachloride (Dent, Silvester, and Imperial Chemical Industries, Ltd., B.P. 478,256). Many 
other methods of halogenating phthalocyanines have been described in recent patent literature by 
Imperial Chemical Industries, Ltd., and the I. G. Farbenindustrie A.-G. (B.P. 474,740, 499,415, 500,471). 
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the same conditions show that pure 3: 4-, 3: 6-, 4: 5-dichloro- and tetrachloro-phthal- 
imides are all hydrolysed to the corresponding acids or anhydrides in good yield, that of 
the 3 : 6-derivatives being the worst (70%). The absence of trichlorophthalic acids from 
the fission products might be thought to indicate a specific instability, but this point 
cannot be regarded as settled, because the imides obtained by the oxidation of the 
chlorophthalocyanines contain some coloured impurity which may catalyse their gross 
decomposition. 

It appears that comparatively little tetrachlorophthalic anhydride is decomposed 
during fission, because the yields are fairly high in relation to the chlorine contents of the 
parent pigments. This is probably owing to the sparing solubility of the tetrachloro- 
anhydride in sulphuric acid. 

Although obviously no exact analysis of structure is possible, a comparison between 
the product isolated and the total chlorine originally present leads to the following general 
conclusions : (1) Nuclear substitution occurs preferentially in the two 8 (4 and 5)-positions 
(phthalic acid numbering as in I). (2) Substitution is uneven. Thus a chlorophthalo- 
cyanine containing ten atoms of chlorine in the molecule gives a large amount of tetra- 
chlorophthalic anhydride. This may mean that it is a mixture, for example, of octa- 
chloro- and hexadecachloro-phthalocyanine, but as no separation could be achieved, it 
is more likely that the actual molecules are unsymmetrically substituted, for example, as 


represented in (II). 


N: 
oe 4C1 | 2Cl 
on \, (IL.) 
(L.) 
A. 2C1 | 2Cl 


To obtain independent evidence of orientation, the absorption spectra of chloro- 
phthalocyanines, prepared by chlorination and containing from 1 to 13 atoms of chlorine, 
were compared with those of pure chlorophthalocyanines made from derivatives of chloro- 
phthalic acids of known orientation (see Table V). The introduction of chlorine generally 
leads to a slight progressive shift of the absorption maxima towards the red and to a 
weakening or extinction of the weaker bands of the phthalocyanine spectrum. Owing 
to the lack of symmetry (or lack of homogeneity), the spectra of the chlorination products 
were not sharply defined, particularly after 8 chlorine atoms had been introduced. The 
octachlorophthalocyanine produced by direct chlorination, however, bore a general 
resemblance in spectrum to (4 : 5)-octachlorophthalocyanine.* 

Solutions of the pigments in concentrated sulphuric acid generally showed only a 
broad area of transmission from green tored. This was shifted towards the red by chlorin- 
ation, particularly by substitution in the 3: 6-positions. In this respect the octachlor- 
inated pigment resembled the 4: 5- rather than the 3: 6-derivative. The transmission 
in sulphuric acid did not approach that of the 3 : 6-compound until 12 or 13 chlorine atoms 
had entered the molecule, at which stage, of course, a considerable amount of 3 : 6-sub- 
stitution must have occurred. The evidence from these sources, therefore, although not 
conclusive, supports the chemical evidence that substitution occurs primarily in the 
4- and 5-positions. 

A minor problem, left outstanding in previous work, has been solved by applying 
the same general methods. It was shown by Dent and Linstead (J., 1934, 1029) that 
cupric chloride reacted with phthalonitrile to yield a copper monochlorophthalocyanine 
containing one nuclear chlorine atom. This has now been shown to be in the 4-position 
by separation of the fission products into phthalic and 4-chlorophthalic acids. The 
substitution which accompanies phthalocyanine formation thus occurs in the same position 


as that of the isolated pigment. 


* See footnote to Table V. 
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EXPERIMENTAL. 


Halogen analyses were all carried out by the Liebig (lime) method. 
A. Reaction with Free Halogens at Room Temperature.—(i) Chlorine was passed over thin 
layers of the phthalocyanines named below. When no further change could be seen, the 


products were analysed : 


Substance. Time of reaction, hrs. % Cl in product. 
Metal-free phthalocyanine .............s00s00e8 400 41-0 (ca. 9 g.-atoms) 
Ferrous da: O11 To beamed sen sodas ole 90 43-0 
Copper an sinndepances esisbaces 500 29-5 
Lead be cbc ove oct de seveccces 44 26-0 


All the products were brown and viscous, and from them by treatment with caustic soda solution 
the original phthalocyanines were regenerated, practically free from chlorine. 

(ii) Finely powdered phthalocyanine was shaken in a tall glass-stoppered cylinder with 
solutions of bromine in carbon tetrachloride of known strength. The solid was allowed to 
settle and, after a suitable interval, the bromine content of the supernatant solution was deter- 
mined by titration of an aliquot part with standard thiosulphate solution. From the reduction 
in strength, the bromine absorbed by the phthalocyanine was calculated. Blank experiments 
showed the bromine solution to be stable under the reaction conditions. The results are in 


Table I. 


TABLE I. 
Normality of Time of Br absorbed, ** Stable ” Br, 
Expt. Br. reaction, hrs. g.-atoms/mol. g.-atoms/mol. 
1 0-1 66-0 3-0 — 
2 0-9 0-5 4-9 — 
3 2-4 2-0 6-4 — 
4 2-4 3-0 6-4 — 
5 2-4 100 8-3 1-08 
6 4-5 0-75 6-8 — 
7 6-5 1-0 77 nil 
8 6-5 13 days 11-9 — 
9 6-5 6 weeks 16-7 4-5 
10 Pure Br 3 weeks “+ 4-9 


Except when the n/10-bromine was used, the addition appeared to be complete in about 
10 minutes. The product of experiment (7) was digested for 2 hours at 90° with n-sodium 
hydroxide in 50% alcohol to remove labile bromine. The residual pigment, crystallised from 
chloronaphthalene, was pure phthalocyanine (Found: C, 74:7; H, 3-4. Calc.: C, 74-7; 
H, 35%). The products of experiments (5) and (9) were similarly purified. Their bromine 
contents are indicated in the last column of Table I. Brominated phthalocyanine containing 
3-1 atoms of nuclear bromine per molecule, when treated under the conditions of experiment (7), 
took up a further 7-7 atoms of bromine per molecule. 

B. Halogenation at High Temperatures without Pressure.—In these experiments (Table II), 
phthalocyanine was heated with the named reagents and solvents under reflux in a ground- 
glass apparatus. In the experiments recorded in Table IIb, a moderate stream of chlorine 
gas was passed continuously through the mixture. All the products, except those prepared 
in carbon tetrachloride solution, were poured into water, and the filtered and washed pre- 
cipitate was finely ground and treated with cold 10% aqueous sodium hydroxide to remove 
labile chlorine and hydrochloric acid. When carbon tetrachloride was used, the pigment was 
filtered off directly and treated with sodium hydroxide. 

C. Halogenation under Pressuve.—(i) Chlorination. Phthalocyanine was heated in a Carius 
tube with an amount of halogenating agent 50% in excess of that required for complete chlorin- 
ation. The products were poured into water and made alkaline with sodium hydroxide, and 
the chlorophthalocyanines filtered off and washed with alcohol. The pigment was then finely 
ground, again treated with aqueous alkali to ensure the removal of labile halogen, washed, and 


dried. The results are summarised in Table III. 
(ii) Bromination. Phthalocyanine and the metal derivatives named in Table IV were 


heated in a Carius tube with bromine (50% in excess of that required for complete halogen- 
ation). Much hydrogen bromide was evolved when the tubes were opened. The excess of 
bromine was allowed to evaporate and the labile (additive) bromine was removed by heating 
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the products under reduced pressure to 260°; green nuclear bromophthalocyanines were left. 
Experiments 44—53 below refer to reactions with liquid bromine. A few miscellaneous 


experiments are appended. 
TABLE II. 
Halogen without Pressure. 
a. Chlorination by Reagents other than Chlorine, at the b. p. ; 











Product. 
Phthalo- Cl content, ws 
cyanine, ; Time, Yield, g.-atoms 
Expt. g. Reagent. Quantity. hrs. % wt. per mol. Colour, etc. 
ll 2 Sulphuryl chloride 30 c.c. 1 85 55* Blue 
12 2 aes — 120 c.c. 12 102 —- Greenish-blue 
ulphuryl chloride 75 c.c. Blue, contained 
13 2 \ Aluminium chloride ig. f 32 es 1:15 * “aluminium 
14 1 Thionyl chloride 100 c.c. 16 100 —_ Blue 
Thionyl chloride 300 c.c. 
15 == 15 71 Sulphury] chloride 73 0 3 140 83° Blue-green 
Thionyl chloride 80 ) 
16 1 (Sulphur monochloride 3c.c.f 76 95 ris Blue 
17 1 Phosphorus trichloride 30 c.c. 19-5 100 -- Dull blue 
18 1 Phosphorus oxychloride 50 c.c. 20 102 a Dull blue 
Phosphorus oxychloride 50 c.c. 
19 1 \ Phosphorus pentachloride 5 g. 21 90 = Blue 
b. Chlorination by Chlorine Gas in the Presence of Solvents and Catalysts. 
Reaction at the b. p. of the solvent unless otherwise stated. 
Product. 
Phthalo- - Cl content, 
cyanine, Time, Yield, g.-atoms 
Expt. g: Solvent or catalyst. Quantity. hrs. % wt. per mol. Colour, etc. 
20 2 Sulphuryl chloride 150 c.c. 6-5 100 = Greenish-blue 
21 15 ae oe 300 c.c. 10-5 115 6-8* Blue-green 
ionyl chloride 100 -— . ' 
22 1 {Sulphur monochloride 3 c.c. 5:5 105 10-3¢ Green 
Thionyl chloride 150 c.c. 
23 2 lodine 0-2 g. 13-5 120 — Green 
Thionyl chloride 150 c.c. 
24 2 Pyridine 4 —s 14-5 100 _— Green 
Thiony] chloride 150 c.c. Dull green, con- 
25 2 \ Ferric chloride O4g.s 160 rs tained Fe 
26 1 Carbon tetrachloride 100 c.c. 7 93 — Blue 
Carbon tetrachloride 100 c.c. 
27 1 Sulphur hloride 3 c.c. 7 a6 ¥ Blue 
28 1 20% Oleum 100 c.c. 6hrs. at 40 _ Blue-green 
20° 
Phosphorus oxychloride 100 c.c. y Sw, : 
29 1 Phosphorus trichloride 3 St} 1 97 Greenish-blue 
30 15 Phthalic anhydride 150 g. 8 —— 120 5-9 Greenish-blue 
2 
31 10 Phthalic anhydride 150 g. \2$hrs.at 150 8-2 Blue-green 
Antimony pentachloride 2 c.c. 260° 
32 50 Phthalic anhydride 300 g. \7}hrs.at 160 10-0 Green 
Antimony pentachloride 4 c.c. 260° 
33 25 Phthalic anhydride 150 g. \ 6hrs.at 150 13-2 Yellowish-green 
Antimony pentachloride 2 c.c. 270° 
c. Bromination by Bromine in Solvents at the b. p. 
Product. 
¢ Er content, a 
Expt. Solvent. Time, hrs. Yield, %wt. g.-atums per mol. Colour. 
34 Carbon tetrachloride 9 60 1-4 Blue 
35 Nitrobenzene 8 110 3-4 Greenish-blue 
36 Thiony] chloride 42 150 — Greenish-blue 
37 20% Oleum at 60° 2 80 4-0 Greenish-blue 


* Product crystallised from chloronaphthalene before analysis. 
+ Product passed through sulphuric acid before analysis. 
6D 
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TABLE III. 
















Product. 
Time, Ke Yield, Cl content, 
Expt. Reagent. Temp. hrs. % wt. g.-atoms/mol. Colour. 
38 Liquid chlorine * 250° 6 160 12-2 Green ft 
39 Thionyl chloride 140 18 130 5-5 Greenish-blue t 
40 Thionyl chloride 230 3-5 150 — Greenish-blue + 
41 er rare a 230 4-5 150 12-9 Green § 
Sulphuryl chloride 
42° {Aivmninium chloride 310 o6 us we Green t 
43 Phosphorus pentachloride 210 2-5 130 4-8 Greenish-blue t 





* Introduced in a thin-walled glass bulb, which was broken after the Carius tube had been sealed. 


+ Crystallised from chloronaphthalene. 
~ Washed with alcohol. 





§ Passed through sulphuric acid. 










TABLE IV. 
Product. 











Time, “Yield, Br content, 





















Expt. Phthalocyanine used. Temp. hrs. % wt. g.-atoms/mol. Colour. 
44 Metal-free 300° 2-5 110 8-8 Green 
45 Metal-free 300 3 71 9-5 Green 
46 Metal-free 140 18 120 10-4 Dull green * 
47 Metal-free 300 2-5 115 11-7 Green t 
48 Metal-free 290 5 105 (a) 12-2 Yellow-green 
(b) 12-5 Duller than 48 (a) ¢ 
49 Metal-free 290 10-5 — (a) 12-8 Green * 
(b) 13-0 Green ft 
50 Product of (35) 300 2-5 100 9-6 Green, blue tinge t 
51 Copper phthalocyanine 210 2-5 120 5-3 Blue, little greener than 
copper phthalocyanine t 
52 Product of (51) 290 5 145 12-6 Green * 
53 Lead phthalocyanine 250 6 Charred 
54 Product of (7) without 290 2-5 100 1-1 Blue 
bromine 
55 Metal-free + iodine 220 + No hydrogen iodide evolved —-——— 
56 Metal-free + iodine 280 4 Charred 






* Washed with pyridine. t Crystallised from chloronaphthalene. 
t Passed through sulphuric acid (recovery, 63%). 







Metallic Derivatives —2 G. of a chlorophthalocyanine (product 15), containing 8-3 atoms of 
chlorine per molecule, were heated under reflux with 0-5 g. of reduced copper in 100 c.c. of 
chloronaphthalene for 18 hours. The solution deposited the copper derivative as a blue 
amorphous solid on cooling. A copper derivative of a chlorophthalocyanine containing 10-0 
atoms of chlorine per molecule was made similarly. It was very sparingly soluble and bluer 
than the parent metal-free compound. Product (15) when boiled with an equal weight of 
litharge in chloronaphthalene rapidly gave a green solution. After 18 hours’ boiling the 
solution deposited the lead derivative as a yellow-green powder on cooling. The blue-green 
parent substance was regenerated on passing the lead compound through sulphuric acid. 

Absorption Spectva.—(i) In chloronaphthalene. The absorption spectra of metal-free and 
copper compounds prepared from chlorinated intermediates of known orientation, and metal- 
free compounds prepared by direct chlorination, have been measured by means of a Hilger 
constant-deviation direct-reading spectrometer. The positions of the maxima are tabulated 
below; a value enclosed in brackets indicates that only the short-wave edge of the absorption 
band was clear cut. . The relative intensities of the bands are indicated by Roman numerals, 
(I) being the most intense. 

(ii) Im sulphuric acid. The absorption spectra of every compound examined, except copper 
phthalocyanine, which gave a single band with a maximum at 6330 A, showed only end absorp- 
tion in the red and green regions. For purposes of comparison, the absorption limit in the 
shorter-wave region (generally green) corresponding with an absorption limit of 6500 A in 
the red was determined from absorption curves, and the values so obtained are given in the 
last column of Table V. 

Fissions.—(1) A solution of copper monochlorophthalocyanine (10 g.) (Dent and Linstead, 
loc. cit.) in 80 c.c. of concentrated sulphuric acid was filtered and poured on ice (200 g.). The 
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Substance. 


Metal-free phthalocyanine * ............-2+++ 


(3)-Tetrachlorophthalocyanine ¢ 


(4)-Tetrachlorophthalocyanine .............+. 
(3 : 6)-Octachlorophthalocyanine ............ 
(4 : 5)-Octachlorophthalocyanine ............ 


Copper phthalocyanine ...............++. 
Copper 1a)-soncchloreptitisaliscyaniae 
Copper (3)-tetrachlorophthalocyanine 
Copper (4)-tetrachlorophthalocyanine 


Copper (3 : 4)-octachlorophthalocyanine ... 
Copper (3 : 6)-octachlorophthalocyanine ... 
Copper (4 : 5)-octachlorophthalocyanine .. 


Phthalocyanines and Related Compounds. 


TABLE V. 


Baers one maxima (A) in 
chloronaphthalene. 

7030 (I), 6680 (II), 6360 (IV), 6040 (III) 
7070 (I), 6820 (II), 6420 (IV), 6110 (III) 
7000 (I), 6680 (II), 6340 (IV), 6030 (III) 
[6950] (I), 6570 (II), 6230 (III) 

[6940] (I), 6610 (IT) 

6800 (I), 6440 (III), 6070 (II 

6740 (I), 6460 (III), 6090 (II 

6900 (I), 6540 (III), 6200 (IT) 

6790 (I), 6470 (III), 6100 (II) 

6860 (I), 6210 (II) 

[7050] (I), 6610 (III), 6320 (II) 

End absorption only 


Part XVI. 


1827 


Limit in green in 


sulphuric acid. 
5160 
5500 
5830 
6160 
5670 
5270 
5390 
5560 
5450 
5870 
5640 


5360 
5550 


5640 
5900 
6000 
6040 


6980 (I), 6660 (II), 6310 (IV), 6020 (IIT) 
7010 (I), 6720 (II), 6360 (III), 6020 (IV) 
7060 (I), 6730 (II), 6420 (III), 6100 (IV) 
[6950] (I), [6650] (II) 

ca. 7100 


(ca. 6900] (, [6350] (II) 


Pea aCe FST (OO Cay oo one occas cos s cs en ceeces 
43 (4-8 Cl) ...... 20000. 
BR BG). cco cvp recicce ose cdsindp one ove 
ee he ee aren 
er eee 
BY eee 
» 33 (13-1 Ci} ceseeeeee [0@. 6790] (I), 6140 (II) 
* Main bands only are given. See also Parts XIII and XV. 
+ These products are all chlorinated metal-free phthalocyanines containing the number of chlorine 
atoms per molecule indicated in parenthesis. 
¢ The numbers given as prefixes in parentheses refer to the orientation of the chlorine atoms in the 
parent chlorophthalic acids. For rt (3)-tetrachlorophthalocyanine implies the symmetrical 
compound containing four 3-chlorophthalic acid corners in the molecule, and copper (4)-monochloro- 


phthalocyanine denotes a compound containing one 4-chlorophthalic and three unsubstituted phthalic 
residues. 


mixture was warmed to 60°, and an excess of ceric sulphate solution added. After 15 minutes 
the colour was almost completely discharged, and after 10 hours the precipitated imides were 
collected and washed with water, more material being recovered from the filtrate and washings 
by extraction with ether. The combined imides (9-5 g.) were heated at 170° for 3 hours with 
30 c.c. of sulphuric acid and 5 c.c. of water. The product was cooled and poured on ice, and 
the organic acids isolated by means of ether (yield, 9-2 g.) and purified through alkali (yield, 
9-0 g.). The dry acids were then stirred for 90 minutes at room temperature with 10 c.c. of 
butyl acetate (following a method due to Dr. E. G. Beckett). The liquid was filtered through 
sintered glass, and the residue of phthalic acid washed thrice with chloroform (2 c.c.). Evapor- 
ation of the filtrate yielded a solid residue (2-1 g.), which was freed from a little tar by washing 
with benzene. After crystallisation from benzene it melted at 147°, and was identified as 
4-chlorophthalic acid (m. p. 150°) by mixed m. p. and conversion into the anhydride. 

(2) 15 G. of the product of experiment 32 (10-0 Cl) were suspended in concentrated sulphuric 
acid (80 c.c.) and a cold solution of ceric sulphate in sulphuric acid was added in drops with 
mechanical stirring until the green colour was discharged. The product was then stirred at 
room temperature for several hours and poured on ice. The imides (13 g.) were recovered 
by ether extraction and dissolved in concentrated sulphuric acid (100 c.c.). The solution after 
dilution with 20 c.c. of water was heated at 170° for 2 hours, cooled, and poured on ice. The 
acids (10 g.) were isolated by means of ether, dissolved in 100 c.c. of 98-5% sulphuric acid, 
and heated at 100° for 2 hours. The product was cooled to 0°, poured on ice, and rapidly 
extracted twice with a mixture of toluene and ether (100 c.c. of each). The extract was dried 
over calcium chloride, the solvent removed under reduced pressure, and the solid residue 
warmed for 5 minutes with 50 c.c. of toluene at 80°. The supernatant liquid (A} was poured 
off through a filter, and the extraction repeated. The residual solid (3-5 g., m. p. 191—194°) 
was fairly pure 4: 5-dichlorophthalic acid (m. p., pure, 200°), with which it was identified by 
conversion into the ethyl ester, m. p. 60° (crystallised from petroleum), 61° in admixture with 
an authentic specimen (m. p. 61°) (Found: Cl, 24-9. Calc.: Cl, 24-4%). 

The combined toluene extracts (A) contained the anhydrides of the chlorophthalic acids 
which lose water more readily. The anhydrides were isolated by evaporation, dissolved in 
65% sulphuric acid, and separated into acid and anhydride by means of toluene exactly as 
before. The acid fraction contained only a little 4 : 5-dichlorophthalic acid (0-39 g., m. p. 190°) ; 
the anhydride fraction was freed from tarry material by extraction with a very little cold 
toluene, which left 3-2 g. of crystalline solid, m. p. 235—-240°. Crystallisation from toluene, 
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followed by precipitation from toluene solution with petroleum, yielded almost pure tetra- 
chlorophthalic anhydride, m. p. and mixed m. p. 250° (Found: Cl, 49-2. Calc.: Cl, 49-7%). 

Typical results of the fissions of other chlorophthalocyanines in an identical manner are 
summarised below : 

(3) Product 11 (5-5 Cl). 10G. yielded 6-0 g. of 4-chlorophthalic acid, m. p. 150° (identified 
as the anhydride, m. p. 97°), and no other pure product. 

(4) Product 31 (8-2 Cl). 10 G. yielded 2-6 g. of 4: 5-dichlorophthalic acid and 0-45 g. of 
tetrachlorophthalic anhydride. 

(5) Product 33 (13-2 Cl). 10 G. yielded 0-5 g. of 4: 5-dichlorophthalic acid and 6-0 g. of 
tetrachlorophthalic anhydride. In another experiment, the acids (11 g.) obtained from the 
fission of 15 g. of the same material (product 33) were esterified in boiling ethyl alcohol by the 
Fischer-Speier method, and the product separated as usual into neutral and acid fractions. 
The acid fraction (9-2 g.) melted at 75—85°, and at 92° after crystallisation from benzene. A 
mixed m. p. determination showed it to be the acid ethyl ester of tetrachlorophthalic acid. 
The neutral fraction (2-0 g.) was an oil which after 2 weeks deposited about 0-5 g. of ethyl 
4 : §-dichlorophthalate, identified by m. p. and mixed m. p. (61°). 

In an endeavour to improve the yield obtained in the hydrolysis, an imide obtained by the 
oxidation of 20 g. of a dodecachlorophthalocyanine was divided into two equal portions. Half 
was hydrolysed by sulphuric acid direct, the other half was purified by dissolution in aqueous 
sodium hydroxide and reprecipitation and was then hydrolysed. The yields of chlorophthalic 
acids obtained in the two experiments were, however, very similar (6-7, 6-4 g.). 

Control Experiments on Authentic Imides.—The chlorophthalimides named below were 
treated under the conditions used for the fission of phthalocyanines, viz., treatment with ceric 
sulphate in concentrated sulphuric acid, followed by hydrolysis with 95% sulphuric acid at 
170—180° for 1 hour. The yields of the corresponding chlorophthalic acids or anhydrides are 


given below : 


Chlorophthalimide ......... 


seseseseeeee 3: 4-dichloro- 3: 6-dichloro- 4: 5-dichloro-  tetrachloro- 
% Yield of acid or anhydride ...... 80 70 85 90 
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373. Sulphonates of Higher Alkyl Phenolic Ethers. 
By G. SPENCER HARTLEY. 


The preparation is described of certain higher alkyl ethers of phenol and the cresols, 
of sodium salts of some monoalky] ethers of resorcinol, and of dialkyl ethers of all three 
dihydroxybenzenes. Their sulphonation is described, and the configuration of the 
resulting acids discussed. Separation of mono- and di-sulphonates of resorcinol 
di-ethers has been accomplished in some cases. Free sulphonic acids of cetyl phenyl 
and tolyl ethers have been obtained in crystalline form, as also resorcinol dioctyl 
ether disulphonic acid, and salts also have been prepared. The other sulphonates 
have been isolated only as potassium salts. All the salts described are surface-active 
compounds, and the series is designed to enable the effect of definite geometrical changes 
in the surface-active ion to be examined. In the present paper only some physical pro- 
perties relevant to purification and characterisation are described. 


SuLpHoNATES of higher alkyl phenolic ethers provide a convenient series of compounds 
of the pgraffin-chain salt type in which the effect of small geometrical changes in the surface- 
active ion can be examined. Extension to dialkyl ethers of dihydroxybenzenes enables 
more far-reaching changes to be examined, since the ionised group can be transferred from 
the end of the hydrophobic chain towards the middle; 7.e., an ion with two short chains 
can be substituted for one with one long one. Changes of this type are now being explored 
industrially, in sulphates of synthetic secondary alcohols (by Carbide and Carbon Chemicals 
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Corporation ; see Wilkes and Wickert, Ind. Eng. Chem., 1937, 29, 1234), and in compounds 
similar to those here described (I. G. Farbenind. A.G., Brit. Pat. 495,414). 

The ether linkage was used in this work since it is much more readily formed than the 
C-C linkage without troublesome side reactions and is quite stable under conditions which 
compounds of this type are required to withstand. It is more stable and much less 
hydrophilic than the amide linkage used in many technical compounds (see, e¢.g., Uppal, 
Venkataraman et al., J]. Soc. Dyers Col., 1936, 52,91; 1939, 55, 125). It is not suggested 
that the absence of hydrophilic tendency except in the ionised group is necessarily a 
desirable property in a surface-active compound, but it is of advantage for the present 
purpose in that it enables us to determine more definitely the effect of purely geometrical 
changes. 

Aqueous solutions of the cetyl phenyl and tolyl ether sulphonic acids and their salts 
possess the typical film-forming, frothing, and emulsifying properties of the paraffin-chain 
salt class. The temperature at which a suspension of one of these salts in water changes 
into a perfectly transparent, more or less gelatinous solution depends very little on the 
concentration of the resulting solution and can readily be determined to within 1° on slow 
heating in a sealed tube. This characteristic solution temperature differs widely between 
isomeric compounds, and when two suspensions are mixed, the temperature of final 
clarification is usually lower than that of the compound with the higher solution tempera- 
ture. This is presumably due to the fact that the liquid micelles, the formation of which 
is the cause of the abnormal solubility-temperature curve (Murray and Hartley, Trans. 
Faraday Soc., 1935, 31, 183), are formed just as easily from different paraffin-chain ions as 
from identical ones, whereas the crystalline phases usually remain distinct. If the sus- 
pension is one of more than one salt, clarification on slow heating is moreover less sharply 
defined than in a suspension of one salt only, and in the process of solution there may even 
be separate stages observable in viscosity, elasticity, and frothing power. Careful observ- 
ation of the behaviour on slow heating, and comparison of different fractions of the 
compound, provide therefore a good test of purity. 

Salts of the type where two chains of considerable length are present in one ion also 
possess strong film-forming, frothing, and emulsifying power. Extremely fine suspensions 
are formed in water, and the behaviour on slow heating is quite reproducible. The 
clarification temperature, however, here increases very rapidly with concentration, and is 
thus less exactly determinable. Side-by-side comparison of samples of different fractions 
of the same preparation is now necessary for the method to be used as a test of purity. 
All three dioctyl ether monosulphonates are more soluble than the cetyl phenyl or tolyl 
ether sulphonates at low temperatures, but none forms a clear aqueous solution in 
concentration greater than 2-5% even at 100°. 

Water is unsatisfactory as a solvent for recrystallising any of the salts described, on 
account of the difficulty of filtration. Acetone or ethyl alcohol, with the addition of a 
little methyl alcohol or water, is most generally useful. Potassium salts have been pre- 
ferred to sodium salts in this work as they are more soluble in the organic solvents. The 
“double chain’’ monosulphonates are not easily obtained in good crystalline form. 
Potassium 1 : 2-dioctyloxybenzene-4-sulphonate deposits very thin and narrow plates from 
aqueous suspension on long standing at room temperature, but these disperse again in the 
neighbourhood of 30°. The 1 : 3-isomeride forms quite large pyramids when a suspension 
in aqueous glycerol is allowed slowly to evaporate at room temperature, but these disperse 
spontaneously when dropped into water at any temperature. Substitution of one metal 
for another, by salting out from water with excess of an appropriate mineral salt, though 
generally successful with the single chain salts, was wholly unsatisfactory with the double 
chain salts. Attempts to convert the barium salts into alkali salts by trituration with alkali 
sulphate in various solvents were also unsuccessful, the barium sulphate and paraffin- 
chain salt resisting all attempts to separate them. These double chain salts appear to be 
much more generally effective in interfering with the precipitation of insoluble substances 
than the ordinary single chain salts. 

Free 1 : 3-dioctyloxybenzenedisulphonic acid is remarkable in crystallising well from 
concentrated aqueous solutions of mineral acid. Free acids from the cetyl phenyl and 
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tolyl ethers crystallise well from petrol—carbon tetrachloride, and are readily filtered off, 
contrasting strongly in the latter respect with cetane-«-sulphonic acid. 

Alkaline-earth salts of all the monosulphonic acids examined are insoluble in water, 
but those of the disulphonates of resorcinol di-ethers (with less than 20 alkyl carbon atoms) 
are either soluble or take considerable time to come out of solution. Copper salts of the 
cetyl phenyl and o- and m-tolyl ether sulphonic acids are soluble in hot water, but form 
extremely elastic solutions or gels (Nature, 1938, 142, 161), which separate into two liquid 
layers on the addition of a small concentration of copper sulphate. Copper salts of the 
other monosulphonic acids examined never form clear solutions in water, but remain in 
very fine suspension. The long needles of the copper salt of p-tolyl cetyl ether sulphonic 
acid disperse spontaneously when placed in water. 

In the preparation of paraffin-chain salts in which the ionic group is an aromatic sul- 
phonate, it is usually considered advisable to attach the paraffin chain to an already 
sulphonated nucleus, if a single compound of known configuration is desired. This method 
is not satisfactory in the present series. The high alkali concentration required to ionise 
the phenolic hydroxyl group when the sulphonoxy-group is already present, and the low 
solubility of the resulting salt in solvents capable of dissolving the alkyl bromide, result in a 
large fraction of the bromide being hydrolysed. It was necessary therefore to prepare the 
free ethers, and sulphonate the nucleus afterwards. The method is, however, satisfactory. 
One isomer appears to predominate in the reaction product, and good yields of potassium 
salts were obtained, different fractions of which showed the same behaviour on slow heating 
with water. 

Much of the literature on the configuration of the lower alkyl phenolic ether sulphonates 
is confusing and of doubtful value. The behaviour of the higher alkyl ethers at least 
appears to be very simple. Cetyl phenyl and o- and m-tolyl ethers are very rapidly 
sulphonated by sulphuric acid under mild conditions which leave benzene and toluene 
almost unaffected. Hence the ether group greatly facilitates sulphonation, which must 
therefore take place in a position ortho or para to the ether group. #-Tolyl cetyl ether is 
very much more resistant to attack by sulphuric acid. Evidently it is the position para to 
the ether group which is almost exclusively attacked when free. The p-ether is sulphonated 
almost instantaneously by chlorosulphonic acid in chloroform. Toluene, simultaneously 
present, can be recovered almost quantitatively after the reaction. The o-activating 
effect of the ether group is therefore greater than that of the methyl. Hence the acids 
obtained can be taken to be the l-alkoxy-2(or 3 or O)-methyl-4-sulphonic acids, and the 
l-alkoxy-4-methyl-2-sulphonic acid. 

Resorcinol is very easily disulphonated, the product having been shown by nitration 
to be the 4 : 6-disulphonic acid (Kauffmann and de Pay, Ber., 1904, 37, 725). The dialkyl 
ethers were found to be similarly very easily disulphonated, and the product can be assumed 
to be analogous, an assumption for which the hydrolysis experiments described in the fol- 
lowing paper provide support. The behaviour is consistent with there being two equivalent 
positions very favourable to sulphonation and in the m-position to one another, so that the 
deactivating effect of the first sulphonic group has little effect on the entry of the second. 
1 : 2-Dioctyloxybenzene gave a monosulphonate only under the mild conditions used, 
consistent with the first sulphonic group entering para to one ether group and therefore 
deactivating the second initially equivalent position, and introducing considerable steric 
hindrance as well. The 1:4-ether monosulphonate, which is accompanied by little 
disulphonate and unchanged ether when the ether is treated with an equivalent of chloro- 
sulphonic acid in chloroform, can have, of course, only one configuration ; that this ether is 
somewhat less resistant to disulphonation than the 1 : 2-ether is consistent with the de- 
activating and steric effects not combining so effectively. 

In the sulphonation of dialkyl ethers of resorcinol, the conditions required to be care- 
fully chosen (cf. sulphonation of resorcinol; Darzens and Dubois, J. Pharm. Chim., 1892, 
26, 57) in order to afford a maximum of monosulphonate in the product, which always 
contains both unchanged ether and disulphonate. The yield was less the more unsym- 


metrical the ether. 
Monosulphonates of unsymmetrical di-ethers, prepared in the resorcinol series only, 
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are presumably mixtures, in approximately equal amounts, of two compounds in each case. 
This appears to make but little difference to the clarification temperatures of the near- 
symmetrical compounds, the predominant factor being the total number of alkyl carbon 
atoms. Fractional precipitation produced no detectable change in the products. As the 
compounds become more unsymmetrical, the solubility-temperature curves approach the 
form typical of the ordinary paraffin-chain salts. 


EXPERIMENTAL. 


Alkyl Bromides——Commercial n-butyl, -hexyl, and -octyl bromides were fractionally dis- 
tilled, and the fractions of b. p. 100—101°, 155—157°, and 201—203°, respectively, were 
collected; d?° = 1-268, 1-168, and 1-106, respectively. 

Decyl, dodecyl, and tetradecyl alcohols, supplied by Messrs. Ronsheim and Moore (from 
Deutsche Hydrierwerke A.G.), were converted into bromides (‘‘ Organic Syntheses,” Vol. 
XV, p. 24), which were washed with concentrated sulphuric acid, followed by aqueous methyl 
alcohol, dried, and fractionally distilled under reduced pressure till a product distilling without 
change of density was obtained; d#° = 1-0637, 1-0343, 1-0124, respectively. Bromide was 
determined by hydrolysis in alcoholic potassium hydroxide and electrometric titration against 
silver nitrate solution (Found: Br, 36-12, 32-11, 28-81. Calc.: Br, 36-17, 32-10, 28-85%, 
respectively). 

Technical cetyl bromide, kindly supplied by Messrs I.C.I. (Dyestuffs Group), was washed 
with a little concentrated sulphuric acid and then with hot water, gently streamed through 
for a long period (to avoid the stable emulsions formed by shaking), dried, and vacuum distilled. 
Towards the end of the distillation, the slow fall of density gave place to a steep rise, accompanied 
by considerable evolution of hydrogen bromide. Iodine-number determinations on the end 
fractions showed that, despite their solidification at room temperature, they contained consider- 
able unsaturated material. Evidently compounds containing bromine in the middle of the 
chain are originally present, owing to addition to double bonds during preparation, and the 
bromine is partly lost during distillation, restoring the unsaturated compounds in the ivans- 
form. The fractions of high density were repeatedly crystallised in the presence of alcohol, 
with stirring, until the density showed that dibromo-compounds had been removed. All 
fractions were then hydrogenated by means of Adams’s catalyst, and distillation repeated until 
the products were of constant density. About 60% of the original was collected as pure cetyl 
bromide, and about 5% as octadecyl bromide; m. p.’s 16-8°, 26°; d28° = 0-9961, 0-9833 (Found : 
Br, 26-18, 23-9. Calc.: Br, 26-21, 24-0%, respectively). 

Ethers.—Ethers of monohydric phenols were prepared by refluxing the phenol with 0-6 
equiv. of n/2-alcoholic potash and 0-4 equiv. of the alkyl bromide for 6 hours. When the 
ether separated in crystalline form on cooling, it was filtered off and recrystallised (yield ca. 
90%). When only an oil separated, the mixture was diluted with water and extracted with 
light petroleum. The solvent was evaporated from the washed extract, and the product 
crystallised from alcohol. The o-tolyl dodecyl ether could not be crystallised, but was prepared 
from recrystallised o-cresol, washed repeatedly with alkali and water, and sulphonated directly. 
M. p.’s of ethers, unchanged on recrystallisation : phenyl cetyl 42°; -, m-, and o-tolyl cetyl, 
42-5°, 35°, and 21-5°; p-tolyl dodecyl, 23-5°. 

Dioctyl ethers of dihydric phenols were prepared by dissolving the phenol in 95% alcohol 
and adding to the solution, boiling under reflux, five portions of 0-2 equiv. each of n-alcoholic 
potash and octyl bromide at intervals of lhour. Refluxing was continued for a further 2 hours, 
and the product crystallised on cooling. Although the reaction mixtures became very dark, 
particularly with the o- and the p-compound, pure white ethers were finally obtained in 70—80% 
yield. The colour of the reaction mixtures was considerably reduced when a little stannous 
chloride was added at the start, but the yield was not materially improved. M. p.’s: p-, 56°; 
m-, 37-5°; o-, 23-5°. 

Monoethers of resorcinol were prepared by the general reaction above, a large excess of 
resorcinol being used. For the ethyl ether, iodide was used in place of bromide. The small 
amount of di-ether produced was removed by filtration after cooling or by moderate dilution 
of the reaction mixture with water and extraction with petrol. The mixture was then diluted 
with water, excess of sodium hydroxide added, and, if necessary, sodium chloride. The sodium 
salts of the monoethers crystallised out in fairly large plates. They were purified by extracting 
the crude salts, dried over soda-lime and calcium chloride, with hot acetone (lower members) 
or alcohol (higher members) or mixtures thereof, and recrystallising from these solvents, which 
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were boiled before use to expel carbon dioxide. Samples titrated with acid (methyl-red as 
indicator) gave equivalent weights 1—3% low, presumably owing to precipitation of carbonate 
during filtration and crystallisation. 

Diethers of resorcinol were prepared by refluxing the sodium salts of the monoethers in 
alcohol with the equivalent amount of alkyl bromide for 8 hours, and separating as above. 
The crude C,-C, and C,-C, ethers were vacuum-distilled before crystallisation. The others 
could be crystallised directly. Freedom from monoethers was confirmed by shaking samples 
with hot aqueous alkali; if even only a small amount of monoether is present, a fairly stable 


As an additional check, a little diazotised aniline was added to the cooled 


emulsion results. 
The m. p.’s of the resor- 


suspensions : an immediate coloration results if monoether is present. 
cinol dialkyl ethers are shown in the following scheme : 


CeCy, 12-5° CyCy, 37°5° Cit. 25° Crp-Crp, 60° 
Cig-Cy, 27° Ct 

CyCy, 15° Cy_-C,, 29°5° CC, 34° Cig-Cy¢, 71°5° 
Cy-Cy, 30°5° Cy_-Cy, 37°5° 


The alcohol used as solvent for all the above ether syntheses was methylated spirit, freshly 
distilled after refluxing for 2 hours with 2% of potassium hydroxide and 2% of resorcinol. 

Sulphonation.—Sulphonation of ethers with a free position para to an ether group was carried 
out with sulphuric acid at 70° with constant stirring. 

Concentrated acid was added slowly to the phenyl and tolyl ethers until a sample smeared 
on the inside of a test-tube dispersed to a clear solution in hot water. In the case of the cetyl 
ethers, the free sulphonic acids were partly purified by adding carbon tetrachloride to the 
reaction mixture, leaving it to stand hot, decanting the upper layer, adding light petroleum to 
it until crystallisation commenced, and filtering after cooling for several hours. Filtration was 
rapid and little mother-liquor was retained. When the acid was redissolved, further sulphuric 
acid could be left behind by decantation, but its complete removal in this way was not practic- 
able. The free acids thus obtained were nearly white, but slowly became brown on keeping, 
as is often the case with sulphonic acids. Titration with alkali, after samples had been dried to 
constant weight in a high vacuum at 50°, indicated that in none was more than 2% of sulphuric 
acid retained. 

Salts were prepared by neutralisation with the appropriate base in alcohol and crystallisation 
from that solvent with the addition of as little water as was consistent with the use of a not too 
large amount of solvent. Salts only were prepared from the dodecyl ether, by neutralisation 
in alcohol of the crude upper layer from the sulphonation mixture, filtration, and crystallisation. 

The clear solution test for complete monosulphonation of near-symmetrical di-ethers could 
not be used, since the resultant acids give clear solutions in water only at low concentrations, 
especially when excess mineral acid is present. 

Acid titration tests, and a good yield of potassium salt with satisfactory ash content, showed 
that 1 : 2-dioctyloxybenzene, treated with an equal volume of 97% sulphuric acid (at 70°), was 
practically completely monosulphonated and not appreciably disulphonated. 

Acid titration, frothing in water, and solubility tests showed that resorcinol diethers are 
completely disulphonated by acid more concentrated than 87% (by weight) and not appreciably 
sulphonated by acid less concentrated than 79% (97% acid, if in considerable excess, is also 
almost without action, presumably because the ether, which dissolves in it, exists as oxonium 
ions). The procedure adopted, therefore, was to use 87% acid in the ratio of 330 c.c. to 1 g.-mol. 
of ether, the acid reaching the lower limit for monosulphonation when reaction corresponding 
to complete monosulphonation has occurred. No difference was noticed between the product 
of 10 and that of 30 minutes’ reaction. 

The sulphonation mixtures were allowed to stand hot until the two liquid phases had 
satisfactorily separated. After cooling, the upper layer was removed as a solid cake, washed 
quickly with water, and then neutralised with alcoholic potash. The sulphonate was then 
filtered hot from the residue of sulphate and disulphonate. The residue was several times 
extracted with hot alcohol, since the monosulphonate is very strongly adsorbed on the insoluble 
salts (hence the desirability of removing the sulphuric acid as far as possible by separation in 
the reaction mixture). The filtrate was evaporated down and dried over calcium chloride. 
To complete removal of disulphonate, it was then extracted with benzene. The filtrate was 
evaporated to a paste, and the salts obtained in solid form by trituration of this with dry acetone ; 

they were shaken several times with further acetone (hot) and filtered (cold), until the filtrate 
could be diluted with water without becoming cloudy. The acetone washings were evaporated 
down to recover unchanged ether, and, in the case of the resorcinol compounds, ether was also 
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recovered from other residues by the method described in the following paper. The yields of 
monosulphonate were, at best (near-symmetrical ethers) 60—80% of the theoretical, and, at 
worst (very unsymmetrical resorcinol ethers), only 10—20%. 

The benzene method of isolating the monosulphonates of the resorcinol diethers was not 
satisfactory with the very unsymmetrical ethers. Fractional extraction of evaporates with 
acetone containing 10—30% of methyl alcohol proved more satisfactory. The least soluble 
fractions gave clear solutions in water, remaining clear for some time after the addition of 
barium salt. Intermediate fractions gave clear solutions in water, no magnesium precipitate, 
but an immediate barium precipitate. The most soluble fractions were soluble in hot water 
but gave immediate precipitations on the addition of excess magnesium salt, the resulting 
suspensions losing most of their foaming power. Isolation of the C,,-C, monosulphonate was 
never satisfactory, the ash content of the best sample obtained indicating that some 30% of 
disulphonate was still present. 

Free 1 : 3-dioctyloxybenzenedisulphonic acid was easily isolated. After the ether had been 
stirred at 70° with an equal volume of 97% acid, the mixture gave a perfectly clear solution on 
dilution with water. The solution, left to evaporate slowly, deposited large diamond-shaped 
plates. The sulphuric acid was drained off, and the solid taken up in warm 6n-hydrochloric 
acid (excessive heating should be avoided), from which it separated in needles on cooling. 
These were filtered off, and the process repeated until the filtrate no longer gave a barium pre- 
cipitate. The crystals were dried in a vacuum, first over calcium chloride alone and then over 
soda-lime as well until a sample dissolved in water gave no silver precipitate. If hydrochloric 
acid is removed from the wet crystals more rapidly than the water, the product liquefies, and 
partial hydrolysis occurs (see following paper). Titration with alkali gave equiv., 300—304 
[(C,H,(OC,H,,),.(SO,;H),,6H,O requires equiv., 301]. The crystals melted at 40° in a high 
vacuum, and the liquid then rapidly lost weight corresponding to ca. 5H,O per molecule, and 
resolidified. Loss of weight continued more slowly after the temperature had been raised to 
that of the second m. p. (ca. 90°). It continued, though still more slowly, beyond that corre- 
sponding to 6H,O in all, but the sample became very dark and evolution of sulphur dioxide was 
evident. Titration of the final anhydrous product gave equiv., 243 [C,H,(OC,H,,).(SO;H), 
requires equiv., 247]. 

The C,,-C, ether was similarly treated, but the acid was much more soluble, the effect of 
asymmetry being apparently more important than that of the additional two carbon atoms, 
and filtration had to be carried out in a freezing mixture. The equivalent weight corresponds 
to a dihydrate [Found: 278. C,H,(OC,,H,,;)(OC,H,,)(SO;H),,2H,O requires equiv., 279], 
but no dehydration experiment was made. The C,,-C,, and C,,—C,, ethers were also 
deliberately disulphonated, but isolation of the potassium salts only was achieved, these 
being recrystallised from alcohol. Their solubility in water is complicated by a very pronounced 
hysteresis which requires further examination. 

Sulphonation of ethers with no free position para to an ether group was effected by chloro- 
sulphonic acid in chloroform. The chloroform had been distilled from phosphoric oxide after 
refluxing, to remove alcohol. The acid was run into the ethereal solution at room temperature 
with constant stirring, in the ratio of 1 mol. (66 c.c.) of acid to 1 mol. of ether. The solvent 
was then distilled off at the pump. The residue from treatment of the p-tolyl cetyl ether was 
recrystallised from petrol—carbon tetrachloride, and salts were prepared from the recrystallised 
acid. That from the p-tolyl dodecyl and quinol dioctyl ethers was neutralised with alcoholic 
potash in the crude state. In the first case, the potassium salt was crystallised from the 
filtrate; in the second, the filtrate was evaporated down and the residue taken up in dry acetone. 
A little gummy matter (disulphonate ?) was left behind, and the filtrate again evaporated down 
and dried. The residue was dissolved in warm light petrol, and, after several hours in the 
refrigerator, a white mass was deposited which could be filtered off. The product was subjected 
to five “‘ recrystallisations ’’ from petrol, the last three of which did not change the behaviour 
of a 0-5% suspension in water. This behaviour is more complex than that of the other diether 
sulphonates, considerable hysteresis being evident. Dried to constant weight at 100°, the salt 
did not melt, but was horny rather than crystalline in appearance. 

Ash contents of potassium salts (calculated values in parentheses) : 


Monosulphonates of 

Tolyl dodecyl ethers; 0, 21:88; », 21-91; (22-06). 

Phenyl cetyl ether; 20-00; (19-94). 

Tolyl cetyl ethers; 0, 19-30; m, 19-25; », 19-14; (19-32). 
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Dioctyloxybenzenes; 0, 19-35; m, 19-38; p, 19-37; (19-24). 
Resorcinol diethers : 


Cyp Cg, 19-65; Cia Cy, 19-74; Cig-Co, 21:10; (19-24). 
CyoCyg, 18°10; Ci,-C,, 18-80; CyyCy, 198; C4y-Cy, 23-1; (18-11). 
CyyCg, 17°55; CygCy, 18°18; (17-11). 


Disulphonates of resorcinol diethers : 


C,-C,, 30-45; (30-51). Cya-Cy, 28-71 Ps (29-07). 
Cyp-Cye, 24°65; (25-49). Cy_—Cyg, 21-15; (21-90). 


Clarification temperatures of 1% aqueous suspensions of cetyl ether sulphonates : 


Salt. Phenyl. o-Tolyl. m-Tolyl. p-Tolyl. 
MER ‘aadveansccunsetentsncceniacesebers, SEE 43° 70° 
SON obs ccbesh css cavecesevesccepete 64 46 73 
Free acid (less pure) .................. 628.37 ca. 28 ca. 36 
Except in the m-toly] series, all these solutions, at temperatures slightly above those recorded, 
are strongly elastic. The elasticity is greatest, and persists to the highest temperature, in the 
o-tolyl series. 
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374. Hydrolysis or Alcoholysis of Resorcinol Ether Sulphonic Acids. 
By G. SPENCER HARTLEY. 


Sulphonic acids of resorcinol ethers are reconverted into the ethers in solution in 
alcohols or moist non-hydroxylic solvents. The velocities of conversion have been 
approximately measured under various conditions. It appears that the sulphonic acid 
group must be undissociated, and that it can then react with any hydroxyl group. 


In the course of preparations described in the preceding paper, it was noticed that resorcinol 
ether sulphonic acids, when dissolved in alcohol without neutralisation and heated, appeared 
to revert to the original ether. ‘‘ Hydrolysis ” of a sulphonic acid under such mild condi- 
tions seemed to merit further study. For this purpose, the dioctyl ether sulphonates were 
selected, because, not only had they been obtained in the purest condition, but also the ether 
itself crystallises exceptionally well and is thus easily recovered and characterised. 

A sample of the disulphonic acid hexahydrate, heated in absolute alcohol at 77° for 6 
hours, gave an almost quantitative yield of white crystalline ether on moderate dilution 
with water and cooling. The recovered ether, once recrystallised, had m. p. and mixed 
m. p. identical with the original. It was neither dissolved nor emulsified with hot alkali, 
nor did it couple at once with diazotised aniline when suspended in cold alkali. There was 
thus no hydrolysis of the ether group itself. From specimens of disulphonic acid and of 
ether, dissolved in absolute alcohol with the addition of concentrated sulphuric acid in 5: 1 
molal excess and heated at 77° for 12 hours, 96% of ether was recovered in each case. 
Owing to slight loss in recovery, the equilibrium may lie further to the ether side, but that 
a trace at least of monosulphonic acid was present in each solution at the end was shown by 
the very strong foaming power developed on addition of water to the filtrate from the ether. 

The rate of complete reaction of the disulphonic acid in ethyl alcohol at 77° was followed, 
by recovery of the ether, with the results shown in the graph. The rate rapidly decreases 
with increasing water content. m/20-Solutions of the hexahydrate were used, and the 
0-5% of water introduced has been allowed for in the figures given. Additional acid, as 
hydrochloric acid, had little effect in the driest alcohol, but considerably increased the rate 
when 6-5% of water was present. In water alone, the solution remained perfectly clear 
when kept at 100° for 12 hours, even in the presence of hydrochloric acid. On the other 
hand, when monosulphonate was similarly treated in N-aqueous hydrochloric acid, most of 
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it was recovered asether. The system is, however, in this case a two-phase one throughout, 
and the reaction occurs in the small viscous phase, which contains but little water. 

In ethylene glycol monoethy] ether (‘‘ Cellosolve ’’) and in n-propyl alcohol, the rate of 
complete reaction of the disulphonic acid is approximately the same as in ethyl alcohol. In 
tsopropy] alcohol, it is about one-half as great. At 100°, the reaction in cellosolve proceeds 
7 times as quickly as at 77°. Ether could also be recovered after the acid had been heated 
in dioxan or in methyl ethyl ketone, each containing 5% of water. 

It appears from the above facts that the most important condition for the reaction is 
that the sulphonic acid group should be in the undissociated state, reaction then occurring 
with any hydroxyl group, either of an alcohol or of a water molecule. Attempts to decide 
by acid titration between ‘‘ hydrolysis ’’ and ‘‘ alcoholysis ” as the primary reaction were 
inconclusive. Although they indicated the formation, in alcohol, of sulphate ester rather 
than sulphuric acid, further experiment showed that equilibrium between these two possible 
products is attained far too rapidly for this result to have any significance. 

Experiments with the anhydrous potassium disulphonate as starting material for the 
reaction in acidified alcohol gave erratic results, doubtless owing to the very low solubility of 
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(-] M/20-Disulphonic acid + n/3-HC1. 
The figures attached to the curves denote volume percentages of water. 


this salt in organic solvents. For this reason, dioxan is preferable for recovery of ether 
from sulphonation residues (see preceding paper), since, when concentrated aqueous hydro- 
chloric acid is added, a separate aqueous phase is present in which the salts dissolve, and out 
of which the dioxan extracts the undissociated acids. 

With an M/20-solution of the anhydrous potassium monosulphonate in N/3-absolute- 
alcoholic hydrogen chloride, results were obtained which closely fitted the unimolecular 
reaction velocity equation. The curve on the extreme left of the figure is drawn according 
to this equation (ordinate = 1 — e~) with the constant k = 0-54 (hr.-'). On the assump- 
tion that the reactivity of each sulphonic acid group in the disulphonic acid is the same, and 
uninfluenced by the presence of the second group, we should expect a unimolecular constant 
for the first stage of the reaction of the disulphonic acid equal to twice that for the second. 
This would lead to the prediction that the complete disulphonic acid reaction would follow 
the broken curve, for which the ordinates are 1 + e** — 2e#, Allowance being made 
for the effect of the 0-5% of water introduced with the disulphonic acid, there is reasonable 
agreement with experiment, indicating that the reactivities of the two groups are at least 
approximately equal, and thus confirming the assumption (see preceding paper) that they 
occupy equivalent positions. 

It is well known that aromatic sulphonic acids can be hydrolysed by superheated steam 
in the presence of sulphuric acid, and that hydrocarbons can be separated by making use of 
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the differences in temperature required for this hydrolysis (Armstrong and Miller, J., 1884, 
45, 148; Friedel and Crafts, Compt. rend., 1889, 109, 95). Sulphonic acids of alkylated 
phenols are more readily hydrolysed in this way than those of hydrocarbons (Steinkopf and 
Bruckner, Houben’s ‘‘ Methoden der organische Chemie,” 1930, p. 1299) and nitrated 
resorcinoldisulphonic acid still more easily (Kauffmann and de Pay, Ber., 1904, 37, 725). 
It was of interest, therefore, to see whether other sulphonic acids could be hydrolysed or 
‘‘ alcoholysed ”’ under the mild conditions here described. 

Specimens of phenyl cetyl ether 4-sulphonic acid, p-tolyl cetyl ether 3-sulphonic acid, 
and 1 : 2-dioctyloxybenzene-4-sulphonic acid were dissolved in cellosolve, the last two as 
potassium salts with addition of hydrogen chloride in cellosolve. After being heated for 3 
hours at 100° and diluted with water, all gave clear solutions on heating. After refluxing 
for 12 hours (136°), 6% of p-tolyl ether was recovered. After refluxing for 72 hours, 
hydrolysis was evident in all, though by no means complete. Pure ether could only be 
recovered from the p-tolyl compound, and again 6%. Tests with diazotised aniline in 
alkaline solution showed the presence of free phenolic groups in all cases. Evidently ether 
hydrolysis accompanies that of the sulphonic acid groups. Benzenesulphonic acid was 
refluxed for 12 hours with cellosolve and the mixture distilled. There was no trace of 
water-insoluble substance in the distillate until nearly all the cellosolve had been removed. 


EXPERIMENTAL. ‘ 


The sulphonates and sulphonic acids used are described in the preceding paper. 

Absolute ethyl alcohol was refluxed for several hours with magnesium turnings and distilled. 
Commercial pure - and iso-propyl alcohols were similarly treated. Commercial cellosolve was 
fractionally distilled, and the fraction (90% of the whole) of b. p. 133—136° used. Dioxan and 
methyl ethyl ketone were commercial pure products, redistilled. 

The specimen solutions were sealed up in test-tubes, kept in the refrigerator until required, 
and then heated in the vapour of boiling water or rectified spirit for the desired period. The 
tubes were then quickly cooled, broken open, and water added at intervals, with cooling in 
between, till an equal volume had been added. After standing for one hour at 0°, the ether was 
filtered off on a small paper, washed with a little cold 50% alcohol, scraped off into a small 
weighed vessel, and dried at 100° to constant weight. Sudden and excessive dilution of the 
reaction mixture with water was avoided, as the ether was then difficult to filter and retained 
some sulphonicacid. Tests with synthetic mixtures showed that the ether weights were accurate 
to 0-0005 g. The amount of ether obtainable from complete hydrolysis of the specimens used 
was 0-05 g. For half reaction, the accuracy is thus about 2%. 
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375. The Kinetics of Exchange Reactions. Part II. n-Propyl, 
isoPropyl, and isoButyl Bromides. 


By G. A. ELtiott and S. SUGDEN 


By the aid of radioactive bromine as an indicator the kinetics of three more exchange 
reactions of alkyl bromides with bromide ion have been studied in aqueous acetone 
containing 90% of acetone by volume. The activation energies found are: n-propyl, 
18-12; isobutyl, 20-21; isopropyl, 22-94 kg.-cals. isoPropyl bromide not only shows 
a high activation‘energy but also gives an unusually high value of the effective collision 
diameter for the reaction. 


In Part I (this vol., p. 1279) the kinetics of the exchange reaction between n-butyl bromide 
and bromine ion were studied in some detail, radioactive bromine being used as an indicator. 
We have now extended this work to three more alkyl bromides; the solvent used was a 
mixture of 90 vols. of acetone with 10 vols. of water so that the results can be compared 
with those found in this solvent for n-butyl bromide. 

The data obtained are summarised in Table I. Since the reaction with n-butyl bromide 
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has already been shown to follow a bimolecular law, we have not made a detailed study of 
the effect of change of concentration. A consideration of experiments 7 and 8 and 19— 
23 provides, however, further supporting evidence for the bimolecular character of these 


reactions. 
TABLE I. 


Velocity Coefficients. 


T, °K. Time (hrs.). a. b. */c. 105k,, obs. 105%,, calc. 
n-Propyl bromide. 


0-2503 0-0526 0-060 
0-1244 0-0375 0-082 
0-1244 0-0375 0-280 
0-2455 0-0424 0-334 
0-2455 0-0424 0-526 
0-2455 0-0424 0-789 
0-2345 0-0360 0-678 
0-1173 0-0349 0-632 


isoPropyl bromide. 


298-2 64-9 0-1504 0-0433 0-042 
307-7 45-17 0-1484 0-0718 0-089 
317-6 22-03 0-1463 0-0391 0-144 
332-9 23-00 0-1430 0-0557 0-465 
343-3 13-93 0-1409 0-0275 0-713 


tsoButyl bromide. 


298-0 67-0 0-1163 0-0501 0-038 
298-7 44-87 0-2320 0-0845 0-054 
307-7 43-72 0-1590 0-0287 0-154 
309-1 41-4 0-1145 0-0405 0-119 
309-7 40-0 0-1144 0-0541 0-123 
322-2 24-33 0-2250 0-0425 0-360 
322-2 45-7 0-2250 0-0350 0-499 
322-2 23-62 0-2250 0-0426 0-337 
322-2 24-33 0-1125 0-0373 0-205 
322-2 22-50 0-1125 0-0386 0-188 
342-9 14-67 0-1089 0-0508 0-491 151 
343-0 15-25 0-1509 0-0357 0-664 168 166 
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In this table, a and 6 are the molar concentrations of alkyl bromide and bromide ion 
respectively. The radio-bromine was initially present as ion, and x/c is the fraction of the 
total radioactivity found in the alkyl bromide at the end of the experiment; ,, obs. was 
calculated from these data by the formula recorded in Part I. 

The velocity coefficients were then used to compute by the method of least squares the 
parameters of the modified Arrhenius equation log k,/T# = A — E/4-57T ; these constants 
are collected in Table II. The values of , calc. given in the last column of Table I were 
calculated by using these constants, and a comparison with the figures in the penultimate 
column shows that these reactions h oeey this law within the limits of the experimental 
error. 


TABLE II. 
Activation Energies and Effective Collision Diameters. 


Bromide. E, kg.-cals. A. Cett., A. Bromide. E, kg.-cals. A. Cett,, A. 
n-Propyl 18:12+0-36 860+4+0-26 10403 isoButyl 20-214 0-41 8-85+4+0-23 1340-4 
n-Butyl 18-87 +0-:14 8134010 06+0-1 isoPropyl 22-94 + 0-34 10-67+0-23 11 +3 

The activation energy increases a little on passing from u-propyl to n-butyl bromide 
whilst the effective collision diameter falls. The introduction of a branched chain in 
isobutyl bromide gives an increase both in activation energy and in collision diameter, 
although the exchangeable bromine is linked as a primary bromide, CHMe,° CH,Br. With 
the secondary bromide, isopropyl bromide, there is a large increase in activation energy 
and an unusually high value for the effective collision diameter. 

It is not easy to account for these results by the usual picture involving the cumulative 
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repulsion of electrons by the methyl groups. Since the reaction consists in the replacement 
of one isotope by another, the transition state must be symmetrical, with the attacking 
bromine atom and that which is expelled separated by equal distances from the carbon 
atom. Hence, although an accumulation of electrons on the carbon atom would hinder 
the approach of the incoming bromine, yet it would equally favour the expulsion as an 
ion of the other bromine atom, and should have little effect upon the activation energy. 


EXPERIMENTAL. 


n- and iso-Propyl bromides were purified by repeated fractionation until the boiling range 
was less than 0-5°. Tests for hydrolysis were made with these bromides as described in Part I, 
and none could be detected under the experimental conditions used in the exchange 
measurements. 

isoButyl bromide was more troublesome to purify. A specimen prepared by drying over 
potassium carbonate and distilling over fresh potassium carbonate was used for most of the 
experiments. This product when tested for hydrolysis by heating in 90% acetone at 60° 
rapidly produced bromine ion from 44% of tert.-butyl bromide which was present as an impurity. 
The reaction was complete in one hour at 60°, and no further reaction occurred when the time 
of heating was extended to 15 hours. In the reaction-velocity measurements the amount of 
bromide ion was always determined directly after separating the alkyl bromide and therefore 
included that set free by hydrolysis. Since the reaction of ¢ert.-butyl bromide with aqueous 
acetone is very much faster than the exchange reaction, the total bromide ion found at the end 
of the experiment is effective throughout practically the whole time interval. It is only neces- 
sary to correct the concentration of isobutyl bromide by a factor of 0-955, and these corrected 
figures are quoted in Table I. 

To test this conclusion, a pure specimen was prepared by heating the less pure product 
with aqueous acetone until hydrolysis of the tertiary bromide was complete. The residual 
isobutyl bromide was well washed with cold water, dried over potassium carbonate, and distilled. 
It gave no detectable hydrolysis under the conditions of the exchange reactions and was used 
in experiments 16 and 25. The velocity coefficients found with the pure specimen confirm those 
obtained by correcting the data for the less pure bromide. 

The separation of the alkyl bromide and bromide ion and the measurement of the radio- 
activities of the samples were carried out as described in Part I. 


We are indebted to Imperial Chemical Industries Ltd. for a grant. 
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376. Synthesis of Phenanthrene Derivatives. 
By ALEXANDER SCHONBERG and FRANK L. WARREN. 


Diphenyl-2-carboxylic acid (I) is converted into the acid chloride and treated 
with diazomethane to give w-diazo-o-phenylacetophenone (II), which in the presence 
of aqueous colloidal silver yields diphenyl-2-acetic acid (III). The acid (III) is cyclised 
with acetic anhydride to give 9-phenanthryl acetate, which readily yields 9-phenanthrol 
(IV) and other derivatives, e.g., 9-phenanthrylamine and phenanthraquinone. The 
ethyl ester of (III) is condensed with ethyl oxalate to give ethyl «-keto-8-2-diphenylyl- 
succinate (V), which on treatment with sulphuric acid yields phenanthrene-9 : 10- 
dicarboxylic anhydride (VI). 

Since the acid (I) is really obtainable from fluorene via fluorenone, the method 
permits the easy passage from the fluorene to the phenanthrene series. 


Braun and Manz (Annalen, 1928, 468, 276) synthesised diphenyl-2-acetic acid, but re- 
ported no experiments on its conversion into phenanthrene. Chatterjee (J. Indian Chem. 
Soc., 1935, 12, 591), however, treated this acid with sulphuric acid to obtain 9-phenanthrol, 
but recorded no yields. [For similar cyclisations compare Cook, Hewett, and Lawrence 
(J., 1936, 71), Sherwood, Short, and Woodcock (ibid., p. 322), Hewett (ibid., p. 596), and 
Newman (J. Amer. Chem. Soc., 1938, 60, 2947).] 
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Diphenyl-2-acetic acid, hitherto obtainable only with difficulty, has now been readily 
synthesised as follows: The acid chloride of diphenyl-2-carboxylic acid (I) was treated 
with excess of diazometharic to give res Ctr (II) (compare Bradley 
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and Robinson, J., 1928, 1310), which was converted by the action of aqueous colloidal 
silver (compare Arndt and Eistert, Ber., 1935, 68, 204) into diphenyl-2-acetic acid (III). 

This acid (III) was cyclised by acetic anhydride by the procedure of Fieser and Hersh- 
berg (J. Amer. Chem. Soc., 1937, 59, 1208) to give 9-phenanthryl acetate, which yielded 
9-phenanthrol (IV). This method proved more satisfactory than the direct ring closure 
with sulphuric acid as adopted by Chatterjee (loc. cit.). 

Ring closure was also accomplished very readily by applying the method used by 
Bougault for the synthesis of indene derivatives (Compt. rend., 1914, 159, 745; see also 
Auwers and Moller, J. pr. Chem., 1925, 109, 124; Fieser and Hershberg, J. Amer. Chem. 
Soc., 1935, 57, 1851). Ethyl diphenyl-2-acetate was condensed with ethyl oxalate in the 
presence of potassium ethoxide to give ethyl a-keto-8-2-diphenylylsuccinate (V), which was 
cyclised with 80% sulphuric acid to phenanthrene-9 : 10-dicarboxylic anhydride (VI). 

The conversion of 9-phenanthrol (IV) into phenanthrene effected by Chatterjee (/. 
Indian Chem. Soc., 1936, 13, 659) by heating with selenium and by us in moderate yield 
by zinc dust distillation in the presence of hydrogen, requires drastic conditions which 
might cause migration or elimination of groups with substituted derivatives. The almost 
quantitative conversion of 9-phenanthrol into 9-phenanthrylamine (Fieser, Jacobsen, and 
Price, J. Amer. Chem. Soc., 1936, 58, 2164) led us to investigate the elimination of the 
amino-group of the latter compound by the various methods involving diazotisation ; 
but in no case could more than a trace of phenanthrene be obtained. On the other hand 
phenanthrene-9-carboxylic acid can be readily decarboxylated by the known methods 
(compare Pschorr, Ber., 1896, 29, 496), and the synthesis of this acid from compound (V) 
will be published later. 

The method outlined above for the synthesis of phenanthrene derivatives involves few 
steps and the yields are high: calculated on the diphenyl-2-carboxylic acid, the yields of 
9-phenanthrol, 9-phenanthrylamine and phenanthrene-9 : 10-dicarboxylic anhydride are 
37, 37, and 42% of the theoretical respectively. Since diphenyl-2-carboxylic acid is readily 
obtained inter alia from fluorene via fluorenone, the method permits the easy passage from 
the fluorene to the phenanthrene series. 

The acid chloride of diphenyl-2-carboxylic acid has never been prepared pure on account 
of its ready conversion into fluorenone. Graebe (Annalen, 1894, 279, 260) obtained the 
acid chloride by grinding equimolecular quantities of the acid and phosphorus penta- 
chloride, and reported that no fluorenone was formed below 50°. This method would 
not give a product sufficiently pure for our requirements, and quantitative experiments © 
were carried out by treating the acid below 50° with different reagents to form the acid 
chloride and then regenerating the acid. Fluorenone was not produced, but varying 
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amounts of a neutral oily white solid were isolated. After treatment with thionyl chloride 
at 45° and 40° the weight of regenerated acid was 33 and 60% respectively, and oxalyl 
chloride at 30° gave 70% of the weight of the original acid. The higher temperature was 
1equired by the former reagent to effect the formation of the acid chloride, which, however, 
was never complete below 50° and the reagent was not desirable (compare Fieser and 
Desreux, J]. Amer. Chem. Soc., 1938, 60, 2255). 

Original experiments with the acid chloride, prepared by means of thionyl chloride, 
and diazomethane gave only an oily product which was undoubtedly a mixture of the 
diazo-compound and methyl diphenyl-2-carboxylate, owing to the incomplete formation 
of the acid chloride. The action of colloidal silver on the oil gave a mixture of the two 
homologous acids, which were difficult to separate. The diazo-compound, however, 
crystallised almost completely on inoculation of the oil with a crystal of the substance; 
and the oily residue gave the original acid on hydrolysis. By adopting this method it 
was possible to get equally good yields of the diazo-compound, calculated on the acid 
used, with both reagents. 


EXPERIMENTAL. 


«-Diazo-o-phenylacetophenone (II).—Diphenyl-2-carboxylic acid (10 g.; 1 mol.), dissolved 
in dry benzene (20 c.c.), was treated with oxalyl chloride (10 g.; 1-6 mols.) and kept at 30° 
until there was no further evolution of gas (about l hour). The solvent and the excess of reagent 
were removed in a vacuum at 35°. Dry ether (10 c.c.) was then added, and evaporated in a 
vacuum; the process was repeated to ensure the complete removal of the reagent and hydrogen 
chloride. The acid chloride thus formed was dissolved in ether (30 c.c.) and added drop by drop 
with shaking to a dry ethereal solution of diazomethane prepared from nitrosomethylurea 
(30 g.) by Arndt and Amende’s method (Z. angew. Chem., 1930, 43, 444) and cooled in a freezing 
mixture. The whole was kept overnight at room temperature, and the ether removed in a 
vacuum. The yellow crystals, which were separated from the oil by filtration and washed with 
a little ether, were almost pure and were used for the next process. Yield, 7-1 g., i.¢e., 61% of 
the theoretical. Crystallisation of a portion from alcohol gave w-diazo-o-phenylacetophenone 
in stout yellow rods, m. p. 106° (Found: C, 75-8; H, 4-6; N, 12-4. C,H, ON, requires C, 
75-6; H, 4:5; N, 12-6%). The crystals changed from yellow to red without losing their 
crystalline form after a few weeks. When smaller quantities of the acid (3 g.) were used, a 
78% yield of the compound was obtained. 

Diphenyl-2-acetic Acid (III).—Silver oxide (2-4 g.; 0-6 mol.), freshly precipitated from silver 
nitrate (3-5 g.) and 2n-sodium hydroxide, was dissolved in a solution of sodium thiosulphate 
(7 g.; 0-84 mol.) in water (200 c.c.), and a warm solution of w-diazo-o-phenylacetophenone 
(7-5 g.; 1 mol.) in dioxan (50 c.c.) added. The mixture was stirred for 3 hours at room tem- 
perature while a further quantity of freshly precipitated silver oxide (2-4 g.) was added in 
portions at intervals, and then the temperature was kept at 50° for 1 hour. The solution was 
cooled and filtered, and the residue (A) washed with 1% sodium hydroxide solution. The 
united filtrate and washings were acidified with 2n-nitric acid to give a turbid solution which 
slowly deposited a flocculent precipitate (5-1 g.). The residue (A) was retreated with silver 
oxide (1-4 g.), sodium thiosulphate (2 g.), water (50 c.c.), and dioxan (25 c.c.) and worked up 
as above, a further quantity of the acid (1-05 g.) being obtained. Total yield, 6-15 g. (86%). 
Diphenyl-2-acetic acid crystallised from benzene in microscopic, lath-shaped crystals and from 
alcohol in needles, m. p. 116° (Found: C, 79-5; H, 5-5. Calc. for C4gH,,0,: C, 79-2; H, 
5-7%). Braun and Manz (Amnalen, 1928, 468, 276) give m. p. 114°. The ethyl ester was a 
colourless mobile liquid, b. p. 156°/4 mm. Chatterjee (J. Indian Chem. Soc., 1935, 12, 591) 
gives b. p. 165—175°/8 mm. 

9-Phenanthryl Acetate —Diphenyl-2-acetic acid (1-5 g.), acetic acid (5 c.c.), acetic anhydride 
(5 c.c.), and anhydrous zinc chloride (0-2 g.) were heated under reflux for 3 hours and then 
poured into water. The oil thus precipitated slowly solidified. The product was lixiviated 
with petroleum (b. p. 40—50°) and twice crystallised from the same solvent to give 9-phenanthryl 
acetate in colourless needles, m. p. 76—77-5°, undepressed on admixture with authentic specimen 
(Found: C, 81-4; H, 5-0. Calc. for C,,H,,0,: C, 81:3; H, 5-1%). Yield, 0-92 g. (55%). 

9-Phenanthrol.—9-Phenanthry] acetate (0-88 g.) was refluxed with 10% alcoholic potassium 
hydroxide (7 c.c.) for 15 minutes. Acidification with dilute hydrochloric acid gave very pure 
9-phenanthrol. Yield, 0-71 g. (98%). 

Phenanthrene.—9-Phenanthrol (0-55 g.), intimately mixed with zinc dust (6 g.), was gently 
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heated in a current of hydrogen. The product was extracted with ether, and the ethereal 
solution washed with sodium hydroxide and water. The solid obtained by removal of the ether 
was distilled ina vacuum. Yield of phenanthrene, 0-36 g. (72%), m. p. 99—100°. 
Ethyl a-Keto-8-2-diphenylylsuccinate (V).—Potassium (0-98 g.; 1 atom.) in dry ether (60 
‘¢.c.) was treated with ethyl alcohol (1-84 g.; 1-6 mols.) and, when all the potassium had dis- 
solved, ethyl oxalate (5-48 g.; 1-5 mols.) and then ethyl diphenyl-2-acetate (6 g.; 1 mol.) were 
added. After standing overnight, the whole was refluxed for 6 hours and poured on dilute 
sulphuric acid and ice. The ethereal layer was washed with water, dried over sodium sulphate, 
and divided into two equal parts, and the solvent removed in a vacuum to give ethyl a-keto-f-2- 
diphenylylsuccinate as a yellow liquid, which was used without further purification. 
Phenanthrene-9 : 10-dicarboxylic Anhydvide.—Half of the keto-derivative (V) was stirred 
vigorously with a solution of 95% sulphuric acid (28 c.c.; d 1-84) and water (10 c.c.) in a water- 
bath at 100° for 3 hours, the oil slowly changing to a solid. The product was poured on ice 
and the brown solid was collected and extracted several times with hot dilute potassium hydroxide 
solution. The extract on acidification gave a white precipitate which rapidly changed to yellow. 
Crystallisation from acetic anhydride gave phenanthrene-9 : 10-dicarboxylic anhydride in yellow 
needles, m. p. 321—324° (Found: C, 77-7; H, 3-3. Calc. for CjgH,O,;: C, 77-4; H, 33%). 
Jeanes and Adams (J. Amer. Chem. Soc., 1937, 59, 2608) give m. p. 322°. Yield, 1-9 g., i.e., 
63% of the theoretical calculated on the diphenyl-2-acetic ester (3 g.). The anhydride was 
practically insoluble in hot benzene, to which it imparted a blue-green fluorescence. 


Fuap I UNIversiTy, ABBASSIA, CAIRO. [Received, June 9th, 1939.] 





377. Studies on Argentine Plants. Part I. Hypaphorine from 
Erythrina cristagalli. 
By V. DevuLorev, E. Hue, and P. Mazzocco. 


Hypaphorine (tryptophan betaine) has been isolated from the seeds of Erythrina 
cristagalli. The flavianate, m. p. 235°, can be used for its identification. 


IN a study of the curarizing principle of Erythrina cristagalli (Cicardo and Hug, Com#t. rend. 
Soc. Biol., 1937, 126, 154) crystals were isolated independently and almost simultaneously 
by Hug (Rosario) and Mazzocco (Buenos Aires). They were characterised as tryptophan 
betaine hydrochloride (hypaphorine hydrochloride) by analysis, physical constants, and 
formation of the insoluble nitrate described by Romburgh and Barger (J., 1911, 99, 2068). 
A flavianate also was prepared ; it is a very easily crystallisable compound and can be used 
for the identification of hypaphorine. 

Tryptophan betaine has been found in the Erythrina species so far examined and was first 
isolated by Greshoff from E. hypaphorus (Med. Lands Plant, 1890, 7,29; cf. Henry, ‘‘ Alka- 
loids,” p. 447, London, 1939); its chemical constitution was demonstrated by Romburgh 
and Barger (loc. cit.). Marafion and dos Santos isolated it from E. variegata (Philippine J. 
Sci., 1932, 48, 563), Rao, Rao, and Seshadri from E. indica (Proc. Indian Acad. Sct., 1938, 
7, A, 179), and Folkers and Koniuszy from E. sandwiscensis and E. Subumbrans (J. Amer. 
Chem. Soc., 1939, 61, 1232). 

The yield of hypaphorine hydrochloride obtained from E. cristagalli was 1-86%, similar 
to that recorded for other species. 

EXPERIMENTAL. 

Seeds of E. cristagalli (100 g.) were ground, mixed with 10 g. of calcium hydroxide, dried, and 
extracted (Soxhlet) with alcohol. The semi-solid precipitate obtained on cooling was removed, 
and the filtrate evaporated on a water-bath. After addition of n-hydrochloric acid to the 
syrupy residue, crystals soon formed; these were collected after some days and washed with a 
little alcohol. Another crop was produced by slow evaporation of the mother-liquor. The 
total yield of hydrochloride was 1-86 g. The crystals, m. p. 227—-229° (243—-245° when rapidly 
heated), were repeatedly crystallised from water and obtained in long prisms, m. p. 234—235° 
after darkening from 222°, [a]? + 89-2° (c, 0-69 in water) (Found: C, 59-5; H, 6-7; N, 10-0; 
Cl, 12-6. Calc. for C,,H,,O,N,,HCl: C, 59:4; H, 6-7; N, 9-9; Cl, 126%). The nitrate, 
saat by Romburgh and Barger’s method, had m. p. 220—222°. 

E 
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Hypaphorine Flavianate.—0-15 G. of hypaphorine hydrochloride was dissolved in 25 c.c. of 
water, and a solution of 0-4 g. of flavianic acid added. Almost immediately, fine orange-yellow 
needles were deposited, m. p. 235° (decomp.) after recrystallisation from water. Red rhombic 
prisms were sometimes obtained, but m. p. and analysis were the same (Found: N, 9-7. 
C,4H,,O,N,,C,9H,O,N,S, requires N, 10-0%). 


INSTITUTO DE Fis1oLoGcfa, FACULTAD DE MEDICINA, 
BuENos AIRES, ARGENTINE, [Received, August 2nd, 1939.] 





378. The Constitution of Yeast Ribonucleic Acid. Part III. The 
Nature of the Phosphatase-resistant Group. 


By J. Masson GULLAND and ELISABETH M. JACKSON. 


The group in yeast ribonucleic acid which resists dephosphorylation by mixed bone 
phosphomonoesterase and Russell’s viper venom is associated with the cytidylic and 
adenylic radicals. Cytidylic acid, or an isomer, and adenine were isolated from the 
nucleotide fraction after dephosphorylation had come to a standstill, and other products 
were guanine, guanosine, and uridine. Sweet-almond emulsin also effected only 75% 
dephosphorylation, and examination of the products suggests that the course of the 
reaction is the same as that with mixed bone and venom enzymes. 


THE action of mixtures of phosphatases on yeast ribonucleic acids results in the liberation of 
75% of the phosphorus as inorganic phosphate, one phosphorus atom per tetranucleotide 
remaining in a state of organic combination (Gulland and Jackson, J., 1938, 1492). The 
isolation and identification of this phosphatase-resistant compound should throw light on 
the mode of union of the nucleotides, and a partial investigation has now been made into 
the nature of the products of the fission of Boehringer yeast ribonucleic acid with a mixture 
of the phosphomonoesterase of mutton bone and the phosphodiesterase, phosphoamidase 
and 5-nucleotidase of Russell’s viper venom (Gulland and Jackson, Biochem. J., 1938, 32, 
590, 597; Falconer, Gulland, Hobday, and Jackson, this vol., p. 907). 

Fission of the nucleic acid under conditions similar to those described in the earlier paper 
was allowed to proceed to a standstill, as shown by periodical estimation of inorganic 
phosphate in aliquot samples, and the resulting mixture was worked-up for the isolation of 
its acidic, phosphorus-containing nucleotides on the one hand, and its non-acidic nucleosides 
on the other. An insoluble precipitate of guanine was collected from the reaction mixture, 
and the nucleoside portion was fractionated into guanosine and uridine. 

The nucleotide portion was split into two fractions, both containing organically combined 
phosphorus. These were a barium salt (A), which has not yet been obtained pure but 
yielded adenine on acid hydrolysis, and a nucleotide (B), having the composition of cytidylic 
acid but possibly being isomeric with it. Comparison of the low rates of acid hydrolysis 
of (A) and (B) with those of adenylic and guanylic acids indicated that they are pyrimidine 
nucleotides. Investigation of the behaviour of (A) and (B) towards mutton bone phos- 
phomonoesterase showed that both suffered dephosphorylation, contrary to expectation ; 
this point requires further study. Russell’s viper venom liberated no phosphate from (A) 
in 72 hours, but (B) slowly underwent dephosphorylation ; this is the first occasion in which 
liberation of phosphate has been effected by this venom in the case of a derivative of a 
nucleic acid, and in terms of current views may possibly indicate that the phosphoryl 
radical is substituted for a hydrogen atom of the amino-group or of the hydroxyl at C, 
of cytidine. 

Bredereck (Ber., 1938, 71, 408) and Bredereck, Caro, and Richter (ibid., p. 2389) observed 
that emulsin preparations readily dephosphorylate yeast ribonucleic acid. In our hands 
hydrolyses with enzyme preparations from sweet-almond cake came to a standstill when 
about 75% dephosphorylation had occurred, and the addition of fresh enzyme did not cause 
further fission. The course of these hydrolyses thus seems to be similar to those effected by 
bone monoesterase and Russell’s viper venom. Acid hydrolysis of the nucleotide fraction 
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yielded adenine and cytidine, whereas the nucleoside fraction contained guanosine and 
uridine. 

It therefore seems to be established that the phosphatase-resistant group is associated 
with the cytidylic and adenylic radicals. The complete elucidation of these and similar 
dephosphorylations may occupy some time, and it seems desirable to record the present 
position in a preliminary communication. 


EXPERIMENTAL. 


Hydrolysis with Bone Phosphomonoesterase and Russell’s Viper Venom.—A mixture of 
Boehringer yeast ribonucleic acid (5 g.), just dissolved in the minimum quantity of dilute sodium 
hydroxide solution, Clark and Lubs’ borate buffer at p, 8-6 (200 c.c.), purified phosphomono- 
esterase solution (100 c.c.), and Russell’s viper venom (0-1 g.) was diluted to 500 c.c. with water 
and incubated at 37° in presence of toluene, samples (05 c.c.) being taken at appropriate intervals 
for estimation of inorganic phosphate by the Bell—Doisy—Briggs colorimetric method. During 
the early part of the hydrolysis the p, tended to become more acid and was adjusted by the 
addition of sodium hydroxide. 

When the liberation of phosphate had ceased (75%), the precipitate which had separated 
was collected, washed thoroughly with water, and identified as guanine; it dissolved in hydro- 
chloric acid, was reprecipitated with ammonia, gave the murexide reaction, but contained no 

ntose. 
~ Barium hydroxide solution was added to the reaction mixture so as to adjust the alkalinity 
to p, 9-5, the barium phosphate removed, and an equal volume of industrial methylated spirit 
added to the clear solution to precipitate a colourless barium salt (A), which was collected. 
The filtrate was neutralised with acetic acid and mixed with excess of neutral lead acetate; the 
resulting lead salt was collected and washed [see (B) below], and the filtrate made alkaline with 
ammonia. The lead salts of the nucleosides thus precipitated were collected and washed. 

Nucleoside fraction. The lead salts were suspended in water and decomposed by hydrogen 
sulphide, and after the filtrate from lead sulphide had been concentrated under reduced pressure 
at 40° to } of its volume, it was left at 0° overnight. The white, gelatinous precipitate which 
separated was recrystallised from hot water and identified as guanosine; it was hydrolysed to 
guanine by acids, furfural being formed from the pentose. 

The filtrate from the guanosine (above) gave no precipitate with picric acid and hence 
contained no adenosine. It was concentrated under reduced pressure to a syrup, which when 
stirred with industrial methylated spirit yielded uridine (Found: N, 11-4. Calc. forC,H,,0,N,: 
N, 11-5%); it contained pentose, and when treated successively with bromine and phenyl- 
hydrazine yielded diphenylhydrazinouridine, m. p. 210° (decomp.) (Levene and La Forge, 
Ber., 1912, 45, 608; Levene, J. Biol. Chem., 1925, 63, 653). Concentration of the mother- 
liquors, followed by trituration with alcohol-ether, yielded only a further quantity of uridine 
(Found: N, 10-1%), which also formed diphenylhydrazinouridine.® 

Nucleotide fraction. The barium salt (A), forming the major part of this fraction, contained 
a small amount of barium phosphate and was partially purified by solution in warm water and 
reprecipitation with alcohol (Found: N, 9-3; P, 35%). Whenitssolution in 2n-sulphuric acid 
was heated at 100° for 2 hours, filtered from barium sulphate, and neutralised with sodium 
hydroxide, adenine separated and was identified as the characteristic picrate, m. p. 278°, and the 
hydrochloride. 

The lead salt was suspended in water and decomposed with hydrogen sulphide, and the 
filtrate was concentrated to small volume under reduced pressure and mixed with alcohol. 
The resulting precipitate of mucleotide (B), decomp. unsharply about 220°, contained pentose but 
not inorganic phosphate [Found : N, 11-4; P, 10-0; N in NH, (van Slyke), 4:7. C,H,,0O,N,P 
requires N, 13-0; P, 9-3; N in NHg, 4:3%]. 

Hydrolyses at 100° with 2n-sulphuric acid (10 c.c.) were carried out with the barium salt (A) 
(62 mg.), the nucleotide (B), and guanylic and adenylic acids (5 mg. of each), samples (0°5 c.c.) 
being withdrawn for estimation of inorganic phosphate. The results are tabulated below : 


Percentage liberation of phosphate. 





4 ~ 
Time, mins. A. B. Guanylic acid. Adenylic acid. 
30 2-5 6 23 20 
60 5-0 12 50 48 
90 7:5 20 80 92 
4 30 100 
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Mixtures of (A) (16-4 mg., freed from barium with sodium sulphate) and (B) (11-5 mg.) 
respectively, and p, 8-6 borate buffer (10 c.c.), M/10-magnesium sulphate solution (1 c.c.), and 
purified phosphomonoesterase solution (10 c.c.) were diluted with water to 50 c.c. (toluene) and 
incubated at 37°, samples (0-5 c.c.) being taken for estimation of phosphate. In 48 hours the 
dephosphorylation of (A) was 70% and of (B) 74%. 

Dephosphorylation of (B) (10-1 mg.) was effected by Russell’s viper venom (20 mg.) when a 
mixture (50 c.c.) with pq 8-6 borate buffer (10 c.c.) and m/10-magnesium sulphate solution (1 c.c.) 
was incubated at 37° in presence of toluene. After 72 hours 37% dephosphorylation had 
occurred. 

Hydrolysis with Sweet-almond Emulsion Preparations——A mixture of Boehringer yeast 
nucleic acid (8 g.), dissolved in the minimum quantity of sodium carbonate solution, p, 4-9 
acetate buffer (400 c.c.), and 2% emulsion (200 c.c.) (Bredereck, Ber., 1938, 71, 408) was diluted 
to 1 1. with water (toluene) and incubated at p, 4:9 and 37°. Samples (0-5 c.c.) were removed 
for estimation of inorganic phosphate, the course of the reaction being as follows : 


Time BIG. secsesevdvesenessiace, 90 72 96 120 168 188 240 264 
Dephosphorylation, % ...... 15 22 42 51 64 67 70 70 


The mixture was centrifuged, and mixed with 25% lead acetate solution. The lead salts of 
the nucleotide fraction were collected, and the filtrate treated with more lead acetate and 
ammonia to precipitate the lead salts of the nucleoside fraction. 

Nucleotide fraction. The lead salt was washed with water and decomposed with hydrogen 
sulphide, and the filtrate was concentrated to small volume under reduced pressure and heated 
at 100° for 3 hours with 2% sulphuric acid (25c.c.). Silver sulphate was then added to precipitate 
purines, and after removal of the precipitate (see below) the solution was freed from sulphate and 
silver ions with barium hydroxide and hydrogen sulphide, concentrated to a syrup, and stirred 
with alcohol to precipitate cytidine. 

The silver precipitate was washed and extracted with dilute hydrochloric acid, and the 
resulting solution was filtered from silver chloride and mixed with aqueous picric acid. 
Adenine picrate separated and formed characteristic needles, m. p. 278°, after recrystallisation. 

Nucleoside fraction. The lead salts were decomposed with hydrogen sulphide in water, and 
after concentration of the solution guanosine separated in crystalline form and was collected. 
The filtrate contained uridine, which was obtained slightly impure by evaporation of the solution 
under reduced pressure and stirring of the residue with alcohol. 


Our thanks are due to the Royal Society and Imperial Chemical Industries Ltd. for research 
grants. 
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379. Studies on Agar-agar. Part II. The Isolation of Derivatives of 
3: 6-Anhydro-l-galactose from Agar and the Synthesis of their 
Enantiomor phs. : 


By I. A. Forses and E. G. V. PERCIVAL. 


Details are given of investigations (some of which were reported briefly in Nature, 
1938, 142, 797, 1076) constituting independent proof of the work of Hands and Peat 
(ibid., p. 797). The synthesis of 2: 4-dimethyl 3 : 6-anhydro-8$-methyl-d-galactoside 
is described and this compound and other derivatives of the parent sugar are shown to 
be enantiomorphs of the corresponding. derivatives prepared from methylated agar. 
It is concluded that the 3 : 6-anhydro-/-galactose units are preformed in agar. 


In Part I (J., 1937, 1615) Percival and Somerville, by the hydrolysis of methylated agar, 
isolated 2 : 4 : 6-trimethyl «-d-galactose, and the correctness of the constitution assigned 
to this substance has since been proved by its synthesis by Bell and Williamson (J., 1938, 
1196). At the same time a fraction of higher boiling point was isolated which on account 
of its strong ketose colour reactions was considered to be a dimethyl methylketoside. By 
methylation Somerville (Thesis, Edinburgh, 1938) isolated a crystalline substance, hereafter 
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called X, m. p. 82°, [«]?” + 75° in water, + 85° in chloroform, which he demonstrated to 
be a dimethyl anhydromethylhexoside (C,H,,0;) and for which, on account of its extreme 
ease of hydrolysis, he proposed the structure of a dimethyl 3 : 6-anhydro-ketofuranoside. 
On applying the method used by Peat and Wiggins (J., 1938, 1088) for the hydrolysis of a 
dimethyl] 3 : 6-anhydromethylglucoside, it was found that the glycosidic group was smoothly 
eliminated to yield a free dimethyl anhydro-sugar, [«]7’ — 23°. Since, if the Seliwanoff 
reaction were disregarded, the possibility existed that the anhydro-sugar might be a 
galactose derivative, and since 3 : 6-anhydro-a-methyl-d-galactoside had been described by 
Ohle and Thiel (Ber., 1933, 66, 525), it was decided to prepare the methylated derivative 
of this substance for comparison. 

By the direct methylation of Ohle and Thiel’s compound 2 : 4-dimethyl 3 : 6-anhydro-a- 
methyl-d-galactoside was obtained as an oil almost identical in boiling point and rotation 
({~]?” + 87° in chloroform) with X. Both this oil and 3 : 6-anhydro-a-methylgalactoside 
gave strong Seliwanoff reactions, so this test is clearly not specific for a ketose. The oil 
would not crystallise, and that it was essentially different from the 
crystalline material X was shown by the fact that, although hydro- MeO ris re 


lysis with N-sulphuric acid was complete in 24 hours, the equilibrium Ke 
H a 





specific rotation was + 22° instead of — 23°. 3: 6-Anhydro-d-galac- 

tose could not therefore be the parent of X. The possibility remained, 

however, that /-galactose might be concerned, since the rates of hydro- HY 
lysis of the two substances were so similar, and the fact that the ag 
specific rotations of the free dimethyl anhydro-sugar from agar 
and of 2: 4-dimethyl 3 : 6-anhydro-d-galactose were approximately equal but opposite in 
sign, although possibly fortuitous, would have a significance if the natural substance were 
a derivative of 3 : 6-anhydro-l-galactose. Pirie (Biochem. J., 1936, 30, 369) had demon- 
strated the presence of /-galactose in agar (his isolation of hepta-acetyl d/-galactose having 
since been confirmed in this laboratory), which also lent colour to this view. These 
conclusions were announced briefly in Nature, 1938, 142, 797. 

This hypothesis could be tested by the synthesis of the only possible enantiomorph, 

iz., 2:4-dimethyl 3 : 6-anhydro-f-methyl-d-galactoside. At the time this work was 
proceeding Hands and Peat (Chem. and Ind., 1938, 57, 937) showed by the isolation of the 
enantiomorphous 2 : 4-dimethyl 3 : 6-anhydrogalactoses that this hypothesis appeared to 
be correct, and further support for this view was found by us as follows. 

3 : 6-Anhydro-B-methyl-d-galactoside was obtained from the 2:3: 4-triacetyl 6-tosyl 
galactose-«-l-bromide of Ohle and Thiel (loc. cit.) by treatment with silver carbonate in 
methyl-alcoholic solution, followed by deacylation. The crystalline product had m. p. 
118°, [«]?” — 114° in water, and the method of preparation, coupled with the specific 
rotation of the product and that of the intermediate triacetyl 6-tosyl methylgalactoside, left 
no doubt that the substance was the B-form. On methylation 2 : 4-dimethyl 3 : 6-anhydro-B- 
methyl-d-galactoside was obtained, which crystallised spontaneously; it was identical with 
X in appearance, melting point, and analytical composition. A mixed melting point 
determination showed a depression and the sign of the specific rotation was reversed. It 
was concluded that the two substances were enantiomorphs and that X must accordingly 
be described as 2 : 4-dimethyl 3 : 6-anhydro-B-methyl-l-galactoside. It was found possible to 
isolate from the corresponding free sugars enantiomorphous anilides, and from the sugar - 
acids, amides and esters, the properties of which are included in the table. 

The conversion of the syrupy 2 : 4-dimethyl 3 : 6-anhydro-a-methyl-d-galactoside into 
the 6-form was found to be surprisingly easy in methyl-alcoholic hydrogen chloride solution. 
This has also been observed, and more extensively studied, by Jackson, Haworth, and 
Smith, in a letter which appeared in Nature (1938, 142, 1075) at the same time as our com- 
munication (ibid., p. 1076). These authors also announced the synthesis directly from 
6-methyl-d-galactoside of the corresponding 2: 4-dimethyl 3 : 6-anhydro-derivative and 
the isolation of the corresponding anilide, amide, and acid. 

The yield of 2 : 4-dimethyl 3 : 6-anhydro-8-methyl-/-galactoside was recorded as 16% 
in our first communication (Nature, loc. cit.), but it has proved impossible since to isolate 
such a quantity of the crystalline material, the yield of which appears to vary between 





1846 Forbes and Percival: 


10 and 13%, a precise separation of X from the oil which accompanies it being difficult. 
If the highest figure for 2 : 4 : 6-trimethyl methylgalactoside is taken, viz., 65% (this only 
refers to crystalline material and leaves out of account any syrupy @-form), and 15% is 
allowed for the anhydride, only 80% of the products of hydrolysis of methylated agar are 
thus accounted for. The oil (ca. 20% of the hydrolysis products) from which X was 
separated still contained some of this substance in solution (ca. 16%). Hydrolysis with 
cold acid, extraction with ether, and distillation effected a partial separation. The remain- 
ing syrup on hydrolysis and treatment with aniline yielded several crops of a crystalline 
anilide, but this proved to be tetramethyl d-galactose anilide, and a rigorous search of the 
products from many experiments failed to reveal the presence of any other recognisable 
substance. 
Natural Product. Synthetic Product. 
2: 4-Dimethyl] 3 : 6-anhydro-8-methyl- 2 : 4-Dimethy] 3 : 6-anhydro-8-methyl- 
l-galactoside, m. p. 82°. d-galactoside, m. p. 82°, mixed m. p. 65°. 
[a}is* +75° in water (c, 5-6) [a]0° —77° in water (c, 0-6) 
[a]2°* +85° in chloroform (c, 2-1) [a]2” —86° in chloroform (c, 0-5) 
[a]19" —23° in n-sulphuric acid after 24 hrs. (c, 2-8) [a}3®* + 22° in n-sulphuric acid after 24 hrs. (c, 1-5) 
Methyl 2 : 4-dimethy] 3 : 6-anhydro- Methyl 2 : 4-dimethyl 3 : 6-anhydro- 
l-galactonate, m. p. 48—49°. d-galactonate, m. p. 49—50°, mixed m. p. 38°. 
[a}i0 —72-5° in chloroform (c, 0-6) [a}is° +73° in chloroform (c, 0-6) 
[a}i* —64° in water (c, 0-6) [a}i8* +63° in water (c, 0-6) 
2: 4-Dimethy] 3 : 6-anhydro-/-galacton- 2: 4-Dimethy] 3 : 6-anhydro-d-galacton- 
amide, m. p. 151°. amide, m. p. 150°, mixed m. p. 139°. 
[a]i#* —74° in water (c, 0-7) [a]20” +75° in water (c, 1-0) 


2: 4-Dimethy] 3 : 6-anhydro-/-galactose 2 : 4-Dimethy] 3 : 6-anhydro-d-galactose 
anilide, m. p. 117°. anilide, m. p. 118°, mixed m. p. 106°. 


There is no evidence that there is a ketose present in the hydrolysis products, since the 
oil seems to be mainly tetramethyl methylgalactoside. At the same time, since syrups are 
involved and there is a notable loss in yield on hydrolysis, caution is clearly necessary in 
the interpretation of this result and small quantities of other sugars, not necessarily ketoses, 
may be present. The presence of fully methylated galactose could be due either to an 
incomplete separation of the trimethyl methylgalactoside, or in view of the methoxyl 
content of the syrup before methylation, to the presence of dimethyl galactose derivatives 
or to both. 

The production of levulic acid in quantity by the treatment of methylated agar with 
6% sulphuric acid (Percival and Somerville, loc. cit.) was thought to be connected with the 
presence of a ketose, but it is now shown that the 3 : 6-anhydromethylgalactosides, whether 
methylated or not, on similar treatment undergo drastic decomposition with the formation 
of levulic acid. It is significant that the yield of levulic ester (16%) produced by the 
hydrolysis of methylated agar is of the same order as that estimated for the anhydro-/- 
galactose. 

It is important to decide whether the anhydro-ring is preformed in agar or whether it 
. is produced as the result of side reactions during methylation and hydrolysis. The washed 
agar used in this work contained only a trace of sulphur (cf. Neuberg and Schwietzer, 
Monatsh., 1937, 71, 1, 46), so the anhydride could not be produced by the hydrolysis of a 
sulphuric ester during methylation. Hands and Peat (Chem. and Ind., loc. cit.) also 
emphasised this point. Furthermore, the low acetyl and methoxyl content of agar acetate 
and methylated agar (attempts to raise the methoxyl content by the use of sodium in 
liquid ammonia having failed) may be adduced as evidence that the anhydro-/-galactose 
residues pre-exist in the agar molecule. These residues must be attached by the reducing 
group and by one other position, since the fully methylated anhydro-sugar cannot be isolated 
until the products of hydrolysis are remethylated. The predominant 1 : 3-linkage is also 
absent in this case, but further study is necessary to decide how and in what form the 
3 : 6-anhydro-/-galactose is incorporated in the agar molecule. 
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EXPERIMENTAL. 


The Isolation of 2: 4-Dimethyl 3 : 6-Anhydro-B-methyl-|-galactoside from Methylated Agar.— 
In a typical experiment methylated agar [12 g.; prepared from powdered agar (B.D.H.) via 
the acetate as described by Percival and Somerville (loc. cit.)], [«]?” — 85° in chloroform (c, 0-9) 
(OMe, 32-4%), was treated for 19 hours at 70° with 2% methyl-alcoholic hydrogen chloride. 
After neutralisation with silver carbonate and removal of solvent a syrup (10-6 g.), [«]?" + 32° 
in chloroform (c, 1) (OMe, 39%), was obtained which yielded the following fractions on distill- 
ation (all the temperatures recorded in this paper are bath temperatures) : (1) 5-8 g., b. p. 125— 

145°/0-01 mm., crystalline; (2) 1-6 g., b. p. 145—165°/0-01 mm., partly crystalline, [a] + 14° 
in chloroform (c, 1); (3) 1-1 g., b. p. 165—175°/0-01 mm., syrup, [«]?° — 15° in chloroform 
(c, 0-6); (4) 2-2 g., residue, [«]?”” — 12° in chloroform (c, 0-7). Fraction 4 was submitted to a 
further treatment with methyl-alcoholic hydrogen chloride and worked up as before to youd 
(5) 1-5 g., b. p. 135—145°/0-01 mm., crystalline, and (6) 0-6 g., b. p. 160—175°/0-01 mm., [a]? 
+ 0° in chloroform. 

Fractions 2, 3, and 6 gave strong ketose tests (Seliwanoff). Fractions 1 and 5 were com- 
bined and gave on recrystallisation from light petroleum crystalline 2 : 4 : 6-trimethyl methyl- 
galactoside (a$-mixture) (6-2 g.), m. p. 65°, representing together with a further 0-6 g. obtained 
from fraction 2 a yield of 65% of the hydrolysed syrup. A syrupy residue (0-9 g.) remained 
which gave a positive Seliwanoff test. This was combined with similar fractions from other 
experiments, extracted with light petroleum, and methylated as described below; 7-0 g. thus 
yielded 1-0 g. of the crystalline dimethyl anhydromethylhexoside (X), m. p. 82°, corresponding 
to a yield of 0-13 g. from the experiment under consideration. 

After removal of the crystalline material from fraction 2 the residual syrup (1-0 g.) together 
with fractions 3 and 6 were extracted several times with hot light petroleum (b. p. 60—80°), 
glass beads being used to increase the syrup-solvent interface, and the hot supernatant liquid 
(A) decanted until the residue (2-3 g.), which gave very strong ketose colour reactions, was of 
constant rotation, [a]}8° — 22° in chloroform (c, 1-1) (OMe, 40-4%). An attempt at further 
separation by fractionation at 0-03 mm. was unsuccessful. 

The syrup (3-5 g.) obtained by combining similar products from three experiments was 
dissolved in methyl iodide (40 c.c.) and methylated three times in the usual way with silver oxide 
(52 g.). The product (3-6 g.) gave the following fractions on distillation : (1) 1-5 g., b. p. 90— 
95°/0-01 mm., i$" 1-4497, [a]}" + 27° in chloroform; (2) 1-7 g., b. p. 95—100°/0-01 mm., ni¥° 
1-4471; (3) 0-4 g., b. p. 100—105°/0-01 mm. 

On standing at 0° crystals (0-45, 0-35, and 0-1 g. respectively) were deposited in each of 
these fractions and were removed on porous tile. The residual oil was remethylated and 
redistilled to give a further quantity of X (0-15 g.), the total yield (1-05 g.) representing 0-69 g. 
from the experiment concerned. 

Another source of X was found to be the syrup (0-45 g. :.) obtained on evaporation of the light 
petroleum extracts (A), for on methylation and distillation 0-15 g. was obtained. The oily fully 
methylated residue (2-5 g.) after the removal of X was shown later to contain ca. 16% of X in 
solution, representing the presence of a further 0-4 g., making the total yield 11-5%. 

The Properties of X.—X was isolated in colourless plates, m. p. 82°, b. p. 85—90°/0-05 mm., 
n® 1-4402, [x]?” + 85° in chloroform (c, 2-1), [«]}* + 75° in water (c, 5-6); it was non-reducing 
to Fehling’s solution and gave a positive Seliwanoff reaction (Found: C, 52-5; H, 8-1; OMe, 
44-0. C,H,,0, requires C, 52-9; H, 7-9; OMe, 45-6%). The following changes in specific 
rotation were observed in n-sulphuric acid at 19° (c, 2-8) : [a]}*" + 71-2° (initial) ; 22° (6 hours) ; 
— 11° (16 hours); — 23° (24 hours, constant value). The solution was then strongly reducing, 
but the free sugar which was isolated in the usual way failed to crystallise. 

Preparation of 2: 4-Dimethyl 3 : 6-Anhydvo-a-methyl-d-galactoside from 6-p-Toluenesulphonyl 
Diacetone Galactose.—The latter was prepared by the method of Freudenberg and Hixon (Ber., 
1923, 56, 2123) and converted into the 6-tosyl galactose (a-mixture) of Ohle and Thiel (Joc. cit.), 
which showed [a]?” + 60° —> + 27° after 4 days in pyridine (c, 0-9). The corresponding 
a-methylgalactoside, m. p. 162°, [«]?” + 106° in pyridine (c, 0-2), was obtained from this by 
treatment with methyl-alcoholic hydrogen chloride, and treatment with n-sodium hydroxide as 
described by Ohle and Thiel (loc. cit.) yielded 3 : 6-anhydro-«-methyl-d-galactoside, m. p. 141°, 
[a]2° + 78° in water (c, 0-5). This substance gave a strong Seliwanoff reaction. 

This substance (2-4 g.) in acetone (10 c.c.) was methylated with methyl iodide (40 c.c.) and 
silver oxide (45 g.). Two further methylations were carried out without the addition of acetone. 
The product distilled at 90—95°/0-01 mm. as a colourless oil (2-3 g.) showing a strong Seliwanoff 
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reaction; nif 1-4641, 70” 1-4412, [a]? + 87° in chloroform (c, 0-9), [«]}%° + 75° in water (c, 
0-5) (Found : OMe, 44:2. C,H,,O; requires OMe, 45-6%). Ina later experiment the improved 
method of Bell and Williamson (loc. cit.) for the direct preparation of 6-tosyl «-methylgalactoside 
from 6-tosyl diacetone galactose was used. 

The following changes in specific rotation in n-sulphuric acid (c, 1-2) were noted: [a]i* 
+ 72° (initial); + 24° (8 hours); + 22° (24 hours, constant value). The free sugar isolated in 
the usual way failed to crystallise. It showed [a]? + 14° in chloroform (c, 1-3), + 21° in water 
(c, 1-2) (Found : OMe, 32-5. Calc. for C,H,,0,; : OMe, 32-6%). 

3 : 6-Anhydro-B-methyl-d-galactoside.—2 : 3: 4-Triacetyl 6-tosyl a-d-galactosyl 1-bromide, 
m. p. 147°, [«]?" + 151° in chloroform (c, 0-7), was prepared according to Ohle and Thiel (Joc. 
cit.). The above compound (2 g.) was shaken with anhydrous methyl alcohol (75 c.c.) and 
silver carbonate (12 g.) for 15 hours. After filtration and evaporation a glass (1-5 g.), [«]?° 
— 3° in chloroform (c, 1-5), was obtained (Found: OMe, 10-5. C, 9H,,0,,S requires OMe, 
10-75%). 

The triacetyl 6-tosyl ®-methyl-d-galactoside (5 g.) prepared as described above was dissolved 
in alcohol (100 c.c.) and titrated during 2} hours with n-sodium hydroxide until a permanent 
pink colour remained to phenolphthalein. Exhaustive extraction of the product remaining 
after evaporation under diminished pressure with ethyl acetate, yielded a crystalline substance 
(3 g.), which was recrystallised from ethyl acetate—light petroleum (b. p. 60—80°). It had 
m. p. 118° and [a]? — 114° in water (c, 0-7) (Found: C, 47-5; H, 7-0; OMe, 17-0. C,H,,0; 
requires C, 47-7; H, 6-9; OMe, 17-6%). 

2 : 4-Dimethyl 3 : 6-A nhydro-B-methyl-d-galactoside.—By methylation of the above substance 
(2-6 g.) as described for the corresponding a-methylgalactoside a product (2-5 g.) was obtained 
which crystallised completely on removal of solvent; m. p. 80° (crude) and 82° after recrystall- 
isation from light petroleum (b. p. 60—80°); mixed m. p. with X 65°; [«]?° — 77° in water 
(c, 0-6), — 86° in chloroform (c, 0-5) (Found: C, 52-8; H, 8-1; OMe, 44-5. C,H,,0, requires 
C, 52-9; H, 7-9; OMe, 45-6%). 

Conversion of 2:4-Dimethyl 3: 6-Anhydyro-a-methyl-d-galactoside into the B-Form.—The 
a-compound (0-28 g.), dissolved in anhydrous methy] alcohol, had [a]? + 98°. To this solution 
(7 c.c.) was added 7% methyl-alcoholic hydrogen chloride (3 c.c.) and the following rotations 
were observed: [«]?” + 42° (5 mins.); + 26° (60 mins.); + 26° (2 hours, constant value). 
Silver carbonate was then added and after filtration and removal of solvent the syrup crystallised 
spontaneously ; m. p. 81°, mixed m. p. with X 65°. A mixture with 2: 4-dimethy] 3 : 6-anhydro- 
8-methyl-d-galactoside showed no depression. [a]?” — 76° in water (c, 1-0). 

2: 4-Dimethyl 3 : 6-Anhydro-d-galactose Anilide.—2 : 4-Dimethyl 3 : 6-anhydro-f-methyl-d- 
galactoside (0-5 g.) was dissolved in n-sulphuric acid and kept at 18° for 24 hours. After 
neutralisation with barium carbonate and evaporation to dryness at 35° the residual reducing 
syrup (0-4 g.) was dissolved in alcohol (3 c.c.) and treated with aniline (0-2 g.) at 90° for 14 hours. 
The needles which appeared on standing (0-15 g.) were recrystallised from ethyl alcohol and 
showed m. p. 118°. [«]#” + 100° in alcohol (initial); + 72° (30 mins.); + 61° (12 hours) ; 
+ 56° (1 day, constant value) (Found: OMe, 21-5; N, 5-7. C,,H,O,N requires OMe, 23-4; 
N, 5-3%). 

A small quantity of the corresponding compound prepared from X in a similar manner had 
m. p. 117°, mixed m. p. with the synthetic substance 106°. 

2 : 4-Dimethyl 3 : 6-A nhydro-d-galactonamide.—Syrupy 2 : 4-dimethyl 3 : 6-anhydro-d-galac- 
tose (0-8 g.) in water (8 c.c.) was treated with bromine (0-8 c.c.) for 24 hours at 35° and 24 
hours at 20°. Removal of the bromine, neutralisation with silver carbonate, and precipitation 
with hydrogen sulphide, followed by evaporation at 40°/15 mm. with a subsequent heating at 
100°/0-01 mm. for 2 hours, yielded a yellow syrup (0-6 g.)._ Distillation at 140°/0-05 mm. gave 
a product, 1%" 1-4607, [a]? + 22° in water (c, 0-9) (initial), + 26° (1 day), + 27° (2days). The 
solution was then heated to 80° and an equilibrium value of + 55° was reached in 24 hours, 
titration showing the presence of 84% of free acid at this stage. It was found impossible to 
obtain a product containing more than 70% of lactone (by titration). 

Methyl-alcoholic ammonia (3 c.c.) was added to the impure lactone and after 24 hours 
removal of solvent left a crystalline amide, m. p. 150°, [a]? + 75° in water (c, 1-0) (Found : 
OMe, 29-3; N, 6-9. C,H,,O;N requires OMe, 30-2; N, 6-8%). 

Methyl 2 : 4-Dimethyl 3 : 6-Anhydro-d-galactonate.—The impure lactone (0-4 g.) was treated 
with 3% methyl-alcoholic hydrogen chloride (60 c.c.) at 70° for 6 hours. After neutralisation 
with silver carbonate and removal of solvent the ester was distilled at 125°/0-02 mm. (0-3 g.), 
nf 1-4634. The oil crystallised in small prisms which on recrystallisation from acetone had 
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m. p. 49—50°, [«]}® + 63° in water (c, 0-6), + 73° in chloroform (c, 0-6) (Found : C, 48-9; H, 
7-4. C,H,,O, requires C, 49-1; H, 7-°3%). The corresponding amide, m. p. 150°, was obtained 
readily from this ester. 

2 : 3-Dimethyl 3 : 6-A nhydro-|-galactonamide.—The lactone was prepared from the free sugar 
obtained from X by treatment with n-sulphuric acid as described for the synthetic derivative. 
The syrupy lactone distilled at 135°/0-01 mm. and contained 30% of the free acid, [«]}?" — 27° 
in water (c, 1-0) (initial value), — 34° (1 day), — 37° (7 days), reaching — 54° on heating at 
80° for 24 hours. The equilibrium solution contained 20% of lactone. 

The corresponding amide was prepared from the lactone and the corresponding ester in the 
usual way. It had m. p. 151°, mixed m. p. with the synthetic amide 139°; [a]}® — 74° in 
water (c, 0-7) (Found: OMe, 28-8; N, 6-7. CsH,,0O;N requires OMe, 30-2; N, 6-8%). 

Methyl 2: 4-Dimethyl 3 : 6-Anhydro-|-galactonate.—This ester was isolated as described for 
the synthetic compound. It distilled at 125°/0-02 mm., had 1%" 1-4615, and the crystals were 
identical in appearance with the synthetic ester, m. p. 48—49° on recrystallisation from acetone ; 
m. p. on admixture with the synthetic ester 38°. [«]}*° — 64° in water (c, 0-6), [«]}® — 72-5° in 
chloroform (c, 0-6) (Found: C, 48-9; H, 7-3; OMe, 40-7. C,H,,O, requires C, 49-1; H, 7-2; 
OMe, 42-3%). 

Isolation of Tetramethyl Galactopyranose Anilide from the Fully Methylated Oil after the 
Removal of X.—The oil (8-1 g.), [«]?%” + 10° in chloroform (OMe, 58%), collected from several 
experiments was kept at 20° with n-sulphuric acid (50 c.c.) for 24 hours. After neutralisation 
with barium carbonate and removal of solvent the residue was extracted with dry ether. A 
white crystalline solid (0-7 g.), m. p. 116° (OMe, 32-8%), was separated which showed [a]}*” 
— 21° in water (c, 1-3) and was undoubtedly the 2: 4-dimethyl 3 : 6-anhydro-/-galactose of 
Hands and Peat (Joc. cit.) which we were unable to crystallise on former occasions. After 
removal of the ether from the solution the syrup was distilled to give the following fractions : 
(1) 0-9 g., b. p. 85—90°/0-01 mm.; (2) 2-75 g., b. p. 95-——105°/0-01 mm.; (3) 1-4g., b. p. 105— 
115°/0-01 mm.; (4) 1-0 g., b. p. 115—125°/0-01 mm.; (5) residue, 1-1 g. 

Fractions 1, 2, and 3 were non-reducing and 3, 4, and 5 gave the Seliwanoff reaction. Frac- 
tions 1, 2, and 3 were combined and remethylated with silver oxide and methyl iodide, and the 
product distilled : (1) 3-8 g., b. p. 90—110°/0-01 mm., ni)" 1-4520 (OMe, 56%), [«]}% + 60° in 
chloroform (c, 0-5); (2) 0-5 g., b. p. 110—125°/0-01 mm., i®" 1-4556, [«]}*° + 45° in chloroform 
(c, 0-4). 1-75 G. of (1) were hydrolysed for 4 hours with n-sulphuric acid at 80° and the reducing 
syrup (1-6 g.) obtained from it was subjected to anilide formation. Tetramethyl galactopyranose 
anilide (0-4 g.) was isolated, m. p. 197—-198° after recrystallisation from alcohol, unchanged on 
admixture with an authentic specimen, [a]}* — 70° in acetone (c, 0-5) (Found: OMe, 38-7; 
N, 4:5. Calc. for C}gH,,0;N : OMe, 39-9; N, 45%). The syrup obtained by evaporation of 
the mother-liquor was heated with sulphuric acid (3%) at 90° for 8 hours, the solution neutralised 
with barium carbonate, and the aniline removed by extraction with ether. The brown reducing 
syrup (1 g.) was again methylated and distilled (for purification) at 90—100°/0-01 mm. to yield 
an oil which gave no “ ketose ” colour tests; i", 1-4545 (OMe, 570%). This oil (0-8 g.) was 
hydrolysed with 8% hydrochloric acid for 3 hours, and the free sugar treated with aniline. The 
hydrolysis had evidently been insufficient on the first occasion, for four crops of crystals (0-28 g.) 
were isolated, all of which proved to be tetramethyl galactopyranose anilide. Similar experi- 
ments on other specimens of the oil accompanying X led to the separation of the same anilide 
and no other crystalline derivatives could be isolated. 

Levulic Acid Formation.—3 : 6-Anhydro-a-methyl-d-galactoside and 2: 4-dimethyl 3: 6- 
anhydro-8-methyl-/-galactoside on treatment with 6% sulphuric acid for 3 hours, followed by 
neutralisation with barium carbonate, yielded a small quantity of a resin, similar to that obtained 
when methylated agar is so treated, and a barium salt (10—20%) which gave an immediate 
precipitate of iodoform in the cold with sodium hypoiodite. 
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380. Jonic Equilibria in Acid Salts of Dibasic Acids. 
By Cecit W. DAVIEs. 


When the acid salt of a weak dibasic acid is dissolved in water the primary dis- 
sociation, e.g., NaHA—»> Na* + HA’, is succeeded by the interaction 2HA’ ==> 
H,A + A”. This reaction may proceed very extensively, being usually much more 
important than the simple acid dissociation of the intermediate ion; as much as 
one-half of the acid radical may be present as uncharged acid or doubly charged anion. 
Equations are derived from which the relative concentrations of HA’, A’’, and H,A can 
be calculated if the two dissociation constants of the acid are known. Two con- 
sequences of importance in the use of buffer solutions are that the ionic strength of an 
acid salt solution is greater than its molar concentration, and that buffers containing 
polybasic acids must not be used in conjunction with solutions containing multivalent 
cations. 

The equations enable the mobility of an intermediate ion to be derived from con- 
ductivity measurements. The results of such calculations fail to confirm the empirical 
rules hitherto used for estimating these mobilities. 


It is often assumed that when the acid salt of a weak dibasic acid is dissolved in water it 
dissociates according to the equations: NaHA-——> Na’ + HA’; HA’ == H’-+ A”. 
This is incorrect, for it overlooks a third process, viz., HA’ + HA’ == H,A + A”, which 
is considerably more important than the second (simple dissociation of the intermediate 
ion), since the ion HA’ is usually a much stronger base than water. The presence in the 
solution of uncharged acid molecules was recognised by McCoy and Chandler (J. Amer. 
Chem. Soc., 1908, 30, 688, 694), but their treatment has been rendered inadequate by the 
acceptance of the interionic attraction theory. 

The composition of the solution can be calculated as follows, in which it is assumed 
throughout that the solution has an acid reaction, so that the concentration of hydroxyl 
ion is negligibly small. The first and second dissociation constants of the acid are K, = 
fafa (H)(HA')/(HA), Ky = farfar[H'][A"]/fax[HA’], and by division, K,/K, = 
faxe[A’ 0H, A) /fqa*[HA’}?; in the approximate treatment that follows, the activity coeffi- 
cient ratio is neglected. Now [A’’] = [H,A] + [H’], from the equations given above, and 
so long as [H’] is small compared with the other two concentrations, as it usually will be 
in all but the most dilute solutions, we may write [A’’] = [H,A], approximately, and there- 
fore [A”]/[HA’] = /K,/K, =x, say; further, [HA’] = m — [A”] — [H,A] =m — 
2{A’’], where m is the molar concentration; from these simultaneous equations we obtain : 
[HA’] = m/(1 + 2x); [H,A] = [A’”] = xm/(1 + 2x). These equations determine the 
composition of the solution, and it will be noticed that the proportions of H,A, HA’, and 
A” are independent of the concentration. 

The conditions under which the approximation is justified, viz., that [H‘] is small 
compared with [A’’] or [H,A], may be estimated by substituting the above values in the 
equation for the second-stage dissociation of the acid, whereupon we obtain as a first 
approximation [H*] = K,/x; for [H"] to be small compared with [H,A], therefore, K,/x 
must be small compared with mx/(1 + 2x); and since the maximum possible value of x 
is 0-5 (see later), this reduces to the condition that 2K, should be small compared with m. 

The ratio K,/K, cannot be less than 4, on account of statistical considerations (Bjerrum, 
Z. physikal. Chem., 1923, 106, 210), and if the acid is unsymmetrical, or if the ionisation 
of one acid group hinders that of the second, the ratio will be correspondingly increased. 
The maximum possible value of x is therefore 0-5, and for this theoretical limiting case the 
formule given show that in the acid salt solution 25% of the acid radical is in the form of 
uncharged acid, 25% in the form of doubly charged anions, and only 50% in the form of 
acid anions, HA’. A number of common acids, ¢.g., those of the malonic acid homologous 
series, approach this limiting case fairly closely. The figures, obtained by a second approxi- 
mation, for 0-1M-solutions of the acid sodium salts of some acids are given in Table I. 

A consequence of the high concentration of doubly charged anions, which will be 
important, for instance, where a dibasic acid is a constituent of a buffer solution, is that the 
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TABLE I. 
Acid. Tartaric. o-Phthalic. Carbonic. Malonic. Succinic. Glutaric. 
Ky ccccccccccccccccrneee 1:3 X 10% 12x10% 452X107 %14Xx10% 64x105 45x 10° 
Keg cecccecesveccscesceee OF X 105 80x10 6 x10 22x10 25x10* 38 x 10% 
WE 5 Tat <abvagnicciere sed 64-7 85-9 97-8 92-7 71-6 63-2 
ee ee eet 19-4 7-1 1-1 3-7 14-2 18-4 
PE ica ete och clea 15-8 7-0 1-1 3-6 14-2 18-4 


K, and K, for malonic, succinic, and glutaric acids are from German and Vogel (J. Amer. Chem. 
Soc., 1936, 58, 1546); other values are from Britton (‘‘ Hydrogen Ions,” 1932, p. 152). 


ionic strength of the acid salt solution is much greater than its molar concentration. In 
the limiting case the ionic strength is given by J = }([Na’] + [HA’] + 4[A”’]) = 1-25m, 
and for the 0-1M-sodium hydrogen succinate buffer considered in the table the ionic strength 
is 0-114. 

If the acid salt is that of a multivalent cation, say M”, it is still more incorrect to regard 
the solute as existing substantially in the form of the ions M™ and HA’, because extensive 
interaction will occur between the ions M™ and A” to give undissociated molecules, or 
ion-pairs, MA, and this will reduce still further the proportion of the acid radical present 
as intermediate ion. The case of copper hydrogen malonate has been considered in a 
previous paper (J.. 1935, 911); in a 0-000625m-solution 73-2% of the malonate radical is 
present as HM’, 2-9% as M”, 2-8% as H,M, and 21-1% as CuM. 

This effect is one that deserves emphasis in connection with the choice of buffer solutions. 
It can be easily illustrated by adding 5 ml. of 0-025m-zine nitrate to 50 ml. of a 0-025m- 
sodium hydrogen malonate buffer coloured with bromopheuol-blue. The colour of the 
indicator changes, primarily as a result of the reaction Zn” + HMal’ —> ZnMal + H’, 
the py of the solution being reduced from 4-26 to 3-72; 7.¢., the addition of the zinc salt 
more than trebles the hydrogen ion concentration, and, in fact, calculation shows that the 
zinc salt solution causes a greater alteration of the py of the buffer than does a strong acid of the 
same molar concentration. The two cases cited are rather exceptional, as copper and zinc 
malonates are both rather weak electrolytes, but such data as are available for calcium 
and barium salts indicate that even these will significantly affect the Pq values of acid salt 
solutions, and the general rule may be stated that buffers containing polybasic acids should 
not be used in conjunction with solutions containing multivalent cations. 

The Determination of Primary Dissociation Constants—When the primary dissociation 
constant of a dibasic acid is determined by the conductivity method a value must be 
assigned to the mobility of the intermediate ion. This cannot be measured directly, and 
various method of evaluating it have been proposed. Chandler (loc. cit., p. 694) 
used the equation Aga’ = 0-6 Ay, which he justified by showing that the value so 
obtained for the intermediate ion never differed greatly from the measured mobility of a 
monobasic acid anion of closely similar structure. More recently, Vogel (J., 1934, 1101) 
has determined the mobilities of a number of amic acid ions, and has assumed that the 
mobility of the intermediate ion CO,H*R-COO’ will be the same as that of the correspond- 
ing ion NH,°CO-R-COO’. This leads to the relationship Aga’ = 0-53 Ay” (Jeffery and 
Vogel, J., 1935, 21; 1936, 1756). The difference between these two methods is not 
inconsiderable; fér the hydrosuccinate ion, for instance, Jeffery and Vogel adopt the 
value 31-5, whereas Chandler’s equation would give 36-5. 

It is now possible to test these equations, for the dissociation constants of several 
dibasic acids have been determined by potentiometric methods, and the relationships 
given at the beginning of this paper enable the composition of the acid salt solutions to 
be calculated; the measured conductivity of these solutions, corrected for the hydrogen 
ion and bivalent ion known to be present, then gives by difference the conductivity of the 
intermediate ion. These calculations have been carried out for sodium hydrogen malonate, 
succinate, and glutarate (Jeffery and Vogel, German and Vogel, locc. cit.); the results are 
summarised below, the detailed figures being given in Tables II—IV. 


Acid. Ay A”. A, HA’. <A, HA’/A, A”. 
BREED ek ciscns aneniacuncuin dhetpenih wit dob 64:7 38-6 0-597 
REE  cninthiccine sen sekauhaancmeemmenibee 60-9 35-8 0-588 


GHEGRTIG © cocks ess deces evs di ode abvecneteube 56-9 29-7 0-522 
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The first column of figures shows the bivalent ions’ mobilities given by Jeffery and Vogel, 
the second the newly calculated mobilities for the intermediate ions, and the third the ratio. 
The figures in this column fail to confirm either Chandler’s or Vogel’s relationship, 
and one must conclude that the conductivity method of determining primary dissociation 
constants will only be reliable where measurements on the acid, the acid salt, and 
the normal salt are available, and where the tedious calculations necessary to determine 
the mobility of the intermediate ion are carried out. 

Calculation of the Mobility of the Intermediate Ion.—The composition of the acid salt 
solution is calculated from the equations [A”] = [H‘] + [H,A], m = [H’] + [HA’‘] + 
2(H,A], f,?(H")[HA’]/[H,A] = K,, and f,[H"][A”]/[HA’] = K,. Here f, is the activity 
coefficient of a univalent ion and f, that of a bivalent ion, and these were calculated from 
the general equation recently proposed (J., 1938, 2093). Eliminating in turn [A”], [H,A], 
and [H"] from these relationships, we have 


2K,[HA’](2/,?[HA’] + K,) _ (m ws [HA’})? 
Fel + Ky/(2/*THA’] + Ky)} 
and this is solved for [HA’] by successive approximations, starting from the value previ- 
ously given, viz., [HA’] = m/(1 + 2x). The hydrogen-ion concentration then follows 
from the relation [H*] = K,(m — [HA’})/(2/,2[HA’] + K,), and the other concentrations 
from the equations 2[A’’] = m + [H"] — [HA’] and [H,A] = [A”] — [H’]. The ionic 
strength is given by J = }(m +- [H’] + [HA’] + 4[A”)) = m + [H’] + [A”J. 

In treating the conductivity figures, the solution is regarded as a mixture of three 
electrolytes, (Na° + HA’), (2Na°+ A”), and (2H’+ A”), and these are assumed to 
contribute to the conductivity as if present singly in a uni-univalent or uni-bivalent solu- 
tion of the given ionic strength. The conductivities of Na,A and H,A are calculated with 
the help of the Onsager equation, and subtraction from the measured conductivity gives 
the specific conductivity of the NaHA; Onsager’s equation is again used to calculate the 
conductivity of this salt at infinite dilution, and the mobility of the intermediate ion is 
obtained by subtracting the mobility of the sodium ion. 

The results of the calculations are in Tables II—IV. The only significant uncertainty 





TABLE II. 


Sodium hydrogen malonate. 
A pNa* = 50-1; AgH* = 350-0; AjMal” = 64-7. pa 
ANa,Mal = 114-8—140-3V7; AH,Mal = 414-7—238-1VT; A,NaHMal = A + 79-4VT. 
01064 02811 03654 0-5801 0-6124  0-9473 0-9847 1-101 1-812 
01353 0-3306 0-4222 0-6529  0-6875 1-044 1-083 1-207 1-954 
1-40 2-28 2-56 3-10 3-17 3-75 3-80 3-96 4-65 
1-49 2-67 3-12 4-18 4-34 5-87 6-04 6-55 9-58 
0-09 0-39 0-56 1-08 1-17 2-12 2-24 2-59 4-93 
9-06 25-06 32-86 52-75 55-73 86-74 90-20 101-0 166-7 
see (144-20) (121-08) 118-68 (108-44) 109-57 104-75 102-92 102-50 98-26 
(85-97) (84-80) 87-55 (84:14) 86-20 86-63 85-12 85-85 86-10 
(36-79) (36-14) 39:05 (36-07) 38-18 39-10 37-63 38-51 39-51 
Mean 38-0, av. devn. 1-0; mean excluding values in parentheses 38-6, av. devn. 0-5. 


TABLE III. 
Sodium hydrogen succinate. 

A,Na* = 50-1; AjH’ = 350-0; A,Suc” = 60-9. Ti 

ANa,Suc = 111-0—138-3VT; AH,Suc = 410-9—236-2VT; AyNaHSuc = A + 79-1VT. 
CX 10 wceeeeeeee 01306 = 00-1706 = (0-601 0-9570 1-074 1-626 1-945 
I x 108 0-1652 0-2117 0-7071 1-118 1-253 1-887 2-254 
[EX] X 10% .....ccc0c00 | 208 1-07 1-29 1-36 1-37 1-42 1-45 
EAM) 96 BOR cccdsdccsces,. S08 3-04 9-41 14-74 16-46 24-70 29-50 
[HA] x 105 1-42 1-97 8-12 13-32 15-09 23-28 28-05 
[HA’} x 105 9-20 12-05 42-49 67-64 75-86 114-59 136-90 
A, expt. ..........00002 (122-84) (120-84) 99-34 95-79 94-88 92-81 91-74 
ANaHA ............4. (83°38) (89-56) 83-78 83-30 82-90 82-75 82-23 
AgHA’ ....cccccsseeseeee (34°29) (40-61) 35-78 35-84 35-60 36-09 35-89 


Mean excluding values in parentheses 35-8, av. devn. 0-1. 
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TABLE IV. 


Sodium hydrogen glutarate. 
A Na’ = 50-1; AjH* = 350-0; A,Glu” = 56-9. aa 
ANa,Glu = 107-0—136-1VT; AH,Glu = 406-9—234-2VT; A,NaHGlu = A + 77-9VT. 
dE” enter 0-6031 1-013 1-040 1-846 2-018 
UE TEI nos ctibececgninbcemecs ” 0-7363 1-225 1-257 2-219 2-423 
CE) OP disc dicn 1-34 1-41 1-41 1-48 1-49 
yk arts, _. 11-98 19-80 20-31 35-80 39-10 
{H,A] x 105 6-12 10-64 18-39 18-90 34-32 37-61 
[HA] X 108 oo... eeeee 22°58 37-68 63-10 64-80 114-5 125-1 
McG, iisccsadienesccectis MOE 95-29 91-84 92-20 88-40 87-60 
BED. cistabiniontindinnk Se 76-27 76-66 77-43 75-80 75-14 
FE | tissinascabicnoney 28-28 29-29 30-09 29-37 28-88 
Mean 29-7, av. devn. 0-9. 


in the calculation lies in the assumption that the ions contribute additively to the con- 
ductivity of the solution. Strictly, this is incorrect (J., 1938, 449), and might be expected 
to lead to mobility values that are slightly too low, the error being greatest in the most 
dilute solutions where the concentration of hydrogen ion is relatively high, and falling off 
rapidly with rising concentration of salt. The calculated results show no such trend, 
except possibly with the malonate, and it is believed that any error introduced by the 
assumption is insignificant when compared with the average deviation of the individual 


results from the mean value. 


BATTERSEA POLYTECHNIC, LONDON, S.W. 11. [Received, September 22nd, 1939.] 





381. Addition Reactions to Conjugated Systems. Part II. 
Caryophyllene and Maleic Anhydride. 


By Norman F. Goopway and TRuSTHAM F. WEST. 


Contrary to the indication of the tests proposed by Sandermann and by Fieser the 
absorption spectrum of the mixture of sesquiterpenes known as caryophyllene shows the 
absence of any appreciable quantity of a conjugated isomeride. 

The caryophyllene—maleic anhydride adduct fails to yield by the action of alcoholic 
hydrogen chloride a monoalkyl lactonic ester of the type derived from the normal 
adducts of «-phellandrene and dicyclohexenyl. This result appearsto throw doubton the 
suggestion of Rydon that normal adduct formation takes place between caryophyllene 
and maleic anhydride and on the argument of diene addition to a cis-butadiene system 
which involves a seven-membered ring structure for the parent terpene. 


Rypon (Chem. and Ind., 1938, 57, 123) has suggested that the principal constituent of the 
mixture of hydrocarbons known as caryophyllene should be represented by structure (I) 
rather than by the older formulation (II) proposed by Ruzicka (tbid., 1935, 54, 509; cf. 
Ramage and Simonsen, 7bid., 1939, 58, 447; Ruzicka e¢ al., Helv. Chim. Acta, 1939, 22, 716). 


CHPr* 
(I.) (II.) (III) (IV.) 


In support of his suggestion Rydon (this vol., p. 537) discussed the formation of the 
caryophyllene-maleic anhydride adduct obtained by Ruzicka and Zimmermann (Helv. 
Chim. Acta, 1935, 18, 219). This adduct he considers to be “‘ doubtless derived from the 
conjugated isomer (III) or (IV), both pre-existing in the sesquiterpene mixture and formed 
from the isopropylidene isomer by double bond migration during the reaction.” The 
formation of a crystalline monomeric adduct he considered to indicate the presence of the 
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cis-butadiene system in the conjugated isomeride (III), whereas (II) could lead only to the 
trans-butadienoid isomeride (IV). 

Ruzicka and Zimmermann (loc. cit.) showed, however, that neither the caryophyllene- 
maleic anhydride adduct nor the corresponding dicarboxylic acid reacted with ozone, 
alkaline permanganate, perbenzoic acid or tetranitromethane. Ruzicka, Zimmermann, 
and Huber (Helv. Chim. Acta, 1936, 19, 348) concluded that the product was not a normal 
diene adduct but the saturated compound (V) derived from the non-conjugated diene (II). 
This was supported by the molecular refraction of the esters of the adduct. 


a 
Me,c—cht CMe %\ 


HA—tH ba\ X=: L 0 
oe ae H—CO 
(V.) CH X CH, ff 


b,-e 


If Rydon’s theoretical formulation of the reaction is correct, however, the adduct must 
contain the double bond characteristic of the normal adduct and the lack of evidence of 
unsaturation must lie in the non-reactive nature of the double bond observed in many 
polyterpenoid compounds (cf. Ann. Reports, 1937, 34, 328). 

Sandermann (Sezfens.-Zig., 1938, 65, 553) has suggested that the yellow colour which 
always precedes the condensation of a diene and maleic anhydride might be utilised to 
indicate the presence of diene constituents in essential oils, but the results for a number of 
simpler terpenes (see experimental) show that the test is not applicable. Similarly the 
application of Fieser’s colour reaction (J. Amer. Chem. Soc., 1938, 60, 159) of conjugated 
dienes with f-nitrobenzenediazonium chloride gives a positive reaction for A®-carene and, 
contrary to the indication of these tests, the absorption spectrum of caryophyllene shows 
the absence of an appreciable quantity of the conjugated isomeride postulated by Rydon 
(loc. ctt.). 

Now Goodway and West (J., 1938, 2028) have shown that esterification of the adduct 
of a-phellandrene and maleic anhydride with alcoholic hydrogen chloride leads to the 
formation of a monoalky]l lactonic ester and Adams and Gruber (J. Amer. Chem. Soc., 1938, 
60, 2792) found that the adduct from dicyclohexenyl behaved similarly. An attempt was 
made, therefore, to obtain a similar monoalkyl ester from the caryophyllene—maleic 
anhydride adduct. The liquid ester obtained by the action of methyl-alcoholic hydrogen 
chloride was different from the dimethyl ester melting at 156° prepared by Ruzicka and 
Zimmermann (loc. cit.) by the action of methyl iodide on the silver salt of the corresponding 
dicarboxylic acid, but the analytical figures for this liquid product also corresponded to the 
dimethyl ester which would be anticipated for a saturated adduct. These results appear 
to render doubtful the assumption of Rydon (loc. cit.) that normal adduct formation takes 
place and to invalidate the evidence which he adduces from the work of Goodway and 
West (loc. cit.). Furthermore Hultzsch (Ber., 1939, 72, 1173) showed that a number of 
terpenes of established constitution, lacking a conjugated system, reacted with maleic 
anhydride to give adducts of which the structure was not determined. 


EXPERIMENTAL, 


Colour Reactions.—The terpenes were obtained by the fractional distillation of suitable 
commercial essential oils and had the following constants : 


Terpene. ax. ay. nw, B. p. 
Caryophyllene yo segoupeseuae tan —- — 87° 1-5005 105—108°/3 mm. 
a-Phellandrene 0-8495 — 78-95 1-4766 72—74/30 mm. 
B-Phellandrene ..........ssesceeeeeeeee 08501 — 47:25 1-4825 87/50 mm. 
he — 32-4 1-4730 76—78/60 mm. 
RIND sccecpessvtthscescesessisassce ~ (OD + 100-65 1-4736 93—95 /65 mm. 
BECATERC  a.ncccscccccccccsscccccccscces BENS + 49 1-4768 80—82/55 mm. 
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(a) Maleic anhydride. Each of the terpenes developed some yellow colour after the addition 
of a solution of maleic anhydride in benzene. 

(b) p-Nitrobenzenediazonium chloride. The terpene (0-1 ml.), dissolved in glacial acetic acid 
(1 ml.), was added to 1 ml. of the p-nitrobenzenediazonium chloride solution prepared according 
to the method of Fieser and Campbell (J. Amer. Chem. Soc., 1938, 60, 168) : 


Terpene. Remarks. 


Caryophyllene ge vadesade Orange-red after 9 minutes (positive) 
a-Phellandrene as perro ae 3 a ia 
f-Phellandrene ....... bes oe én 5 a ss 
BENE Sista cgevtneinicqvecse’ Saad a 7 ps a 
EMBORGRD | wcaccvvdevsseduses sessesonctscbetess see | SOP 30 (negative) 
GE. cntcud stag tn piss 244 thtvgsenenen gen ses dented * » 30 - = 
COMtrol crccccccccccscccccccccccccccsccscccsccocse Wery pale yellow after 30 minutes 


The fact that A*-carene shows a positive reaction is of special interest, since this terpene 
does not contain a cyclopropane ring conjugated with a double bond as stated by Diels, Koch, 
and Frost (Ber., 1938, 71, 1163; cf. Hultzsch, loc. cit.). 

Absorption Spectrum of Caryophyllene.—This measurement was kindly carried out by Dr. 
A. E. Gillam, who has reported as follows: ‘‘ The absorption curve exhibits a maximum at 
2640—2650 A., Emax. = 142 (solvent, alcohol). From the low intensity of this absorption I 
consider it safe to infer that it is due to the presence of some unsaturated impurity (order 1— 
2% only). . . . Thus the data would be consistent with any unconjugated formulation but would 
be directly opposed to the presence of a compound having conjugated ethylene linkages, unless 
present only in traces.” 

Preparation of Dimethyl Ester from Caryophyllene—Maleic Anhydride Adduct.—The adduct 
(10 g.), m. p. 98°, prepared as described by Ruzicka and Zimmermann (Helv. Chim. Acta, 1935, 
18, 229), was boiled for 8 hours with 100 ml. of methyl alcohol saturated in the cold with hydro- 
gen chloride. The alcohol was then removed by distillation under reduced pressure, and the 
liquid ester washed repeatedly with water and fractionally distilled under reduced pressure. 
This ester (4 g.) had b. p. 180—183°/3 mm., n}" 1-4960, saponification value 299-8, acid value 
5, and showed no tendency to crystallise (Found: C, 72-4; H, 9:3; OMe, 17-4. Calc. for a 
monomethy] lactonic ester C,,H;,0,: C, 72-0; H, 9-0; OMe, 93%. Calc. for a dimethyl ester 
Cy,;H3,0,: C, 72-4; H, 9:2; OMe, 17-8%). 


We are indebted to Dr. A. E. Gillam for providing the absorption spectrum data and to 
Messrs. Stafford Allen and Sons Ltd. and Mr. G. E. Smith for the gift of the terpenes. 


Tue Sir Joun Cass Institute, Lonpon, E.C. 3. [Received, September 25th, 1939.] 





382. Long-chain Alkyl Derivatives of 2-Aminopyridine. 
By Tuomas M. SHARP. 


A series of alkyl derivatives of 2-aminopyridine containing 10 to 14 carbon atoms 
in the chain has been prepared for pharmacological trial. The position assumed by the 
alkyl group depends upon the experimental conditions. In the presence of sodamide, 
2-alkylaminopyridines (I) are formed almost exclusively, whereas alkylation in an 
inert solvent without sodamide gives rise to 1-substituted derivatives of the tautomeric 
pyridoneimine structure (II) together with a smaller proportion of form (I). The 
l-alkylpyridoneimines are strong, unstable bases, which form stable crystalline salts, 
but the 2-alkylaminopyridines are stable crystalline substances, which do not readily 
form salts with mineralacids. Proof of the structures assigned to the compounds 
is presented. 


Few alkyl derivatives of 2-aminopyridine have been recorded. Tschitschibabin, 
Konovalova, and Konovalova (Ber., 1921, 54, 814; see also Tschitschibabin and Zeide, 
J. Russ. Phys. Chem. Soc., 1914, 46, 1216) showed that 2-aminopyridine reacted with 
methyl iodide in the presence of sodamide to give mainly 2-methylaminopyridine (lI, 
R = Me), whereas the direct action of methyl iodide gave as main product 1-methyl-2- 
pyridoneimine (II, R = Me), together with a smaller amount of 2-methylaminopyridine. 
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They also found that the compounds differed in their reactivity towards alkali, the latter 
(I) being unaffected, whereas the former (II) readily evolved ammonia with the formation 
of 1-methyl-2-pyridone. 2-isoPropyl-, 2-allyl-, 2-tsoamyl-, and 2-cetyl-aminopyridines 


(I.) Char Ca (II.) 
N N 


R 


have been prepared by the action of alkyl halides on 2-aminopyridine in the presence of 
sodamide (Schering-Kahlbaum, B.P. 265,167), and more recently Magidson and Menschikov 
(Ber., 1926, 59, 1209) have prepared 2-mono- and 2-di-isoamylaminopyridines by a similar 
process. Slotta and Francke (Ber., 1930, 63, 678), using the appropriate ester of - 
toluenesulphonic acid and the sodium derivative of 2-aminopyridine, obtained 2-mono- 
and -di-propyl- and -butyl-aminopyridines. 

The higher alkyl derivatives (10 to 14 carbon atoms) are conveniently prepared by the 
interaction of 2-aminopyridine and the alkyl halide in boiling cymene. Each alkyl halide 
gives rise to two isomeric monoalkylaminopyridines, which can readily be separated by 
taking advantage of their different basicities, as described in the experimental part. The 
stronger bases are formed in greater proportion and are unstable and darken on keeping or 
on exposure to air; they form stable salts which are very soluble in water. The weaker 
bases are crystalline and stable, and are very sparingly soluble in mineral acids. The work 
of Tschitschibabin e¢ al. (loc. cit.) would indicate that the stronger bases are l-alkyl de- 
rivatives of 2-pyridoneimine (II) and the weaker bases are 2-alkylaminopyridines (I). 
This has been confirmed in two illustrative cases: (a) 2-aminopyridine reacts with tetra- 
decyl chloride in the presence of sodamide to give only the weaker base, obviously 2- 
tetradecylaminopyridine; (b) the weak base from the action of dodecyl bromide on 2- 
aminopyridine gave no trace of ammonia on long boiling with aqueous-alcoholic potassium 


hydroxide, whereas the strong base on similar treatment gave off ammonia and was 
converted into 1-dodecyl-2-pyridone. 


EXPERIMENTAL. 


2-Aminopyridine (5-9 g.; 1-25 mols.) was dissolved in warm cymene (25 c.c.), mixed with the 
appropriate alkyl halide (1 mol.), and heated under reflux in an oil-bath at 170—180° for 6—7 
hours. With tetradecyl chloride the liquid remained clear, but in the other cases the liquid 
soon became cloudy and separated into two layers as the reaction proceeded. The cymene was 
distilled off under reduced pressure, and the viscous residual oil mixed with aqueous sodium 
hydroxide and extracted with ether. The ether after drying left on evaporation an oil, which 
was distilled, first at 30 mm. pressure to remove aminopyridine and then at 0-1—0-2 mm., 
a fraction boiling up to 200° being collected. This was dissolved in ether (200 c.c.) and shaken 
with water (100 c.c.) and sufficient dilute sulphuric acid to render the aqueous layer just acid 
to methyl-red. The ether on evaporation gave the 2-alkylaminopyridine in a substantially 
pure state, requiring only one crystallisation. The sulphate of the 1l-alkyl-2-pyridoneimine 
can be obtained by evaporation of the aqueous layer, but, owing to the soaplike character of 
the salts, the solutions foam badly on concentration and it is preferable to recover the base and 
convert it into a salt in dry alcohol. 

Decylation with decyl iodide gave a total yield 10-5 g., of which 1-43 g. consisted of 2- 
decylaminopyridine, which formed colourless prismatic rods from alcohol, m. p. 51—52° (Found : 
C, 76-95; H, 11-2; N, 12-0. C,;H,,N, requires C, 76-9; H, 11-2; N, 120%). The picrate 
formed soft felted needles from alcohol, m. p. 78—79°. 1-Decyl-2-pyridoneimine sulphate 
separated from dry alcohol in colourless, hygroscopic needles, m. p. 246° (decomp.) after sinter- 
ing at 205° (Found: C, 62-9; H, 9-6; N, 9-7; S, 58. C,;H,.N,,H,SO, requires C, 63-6; 
H, 9-6; N, 94; S, 5-7%). The picrate crystallised from alcohol in lemon-yellow rhombs, 
m. p. 111°. 

Undecylation with undecyl bromide gave a total yield of 9-6 g., of which 2-4 g. was 2- 
undecylaminopyridine, which crystallised in colourless prismatic needles from alcohol, m. p. 
60—61° (Found: C, 77-1; H, 11-3; N, 11-5. CygH,gN, requires C, 77-1; H, 11-4; N, 11-3%). 
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The picrate formed soft needles from alcohol, m. p. 93—94°. 1-Undecyl-2-pyridoneimine sul- 
phate was obtained in colourless deliquescent needles unsuitable for analysis. The oxalate formed 
colourless platelets from acetone—methy] alcohol (6 : 1), which effervesced at 205° after sintering 
at 165° (Found: C, 69-8; H, 10-0; N, 9-5. C,,H..N,,4C,H,O, requires C, 69-6; H, 10-0; 
N, 9-55%). The picrate separated in small prisms from alcohol, m. p. 116—117°. 

Dodecylation with dodecyl bromide gave a total yield of 9-9 g., of which 2-6 g. was 
2-dodecylaminopyridine, which formed colourless needles from alcohol, m. p. 60° (Found: C, 
78-0; H, 11-6; N, 10-6. C,,H,.N, requires C, 77-8; H, 11-5; N, 10-7%). The picrate crystal- 
lised in soft needles from alcohol, m. p. 96—97°. 1-Dodecyl-2-pyridoneimine sulphate formed 
colourless needles from isopropyl alcohol, m. p. 255° (decomp.) after sintering at 210° (Found : 
C, 65-6; H, 10-1; N, 9-0; S, 5-1. C,,H39N,,4H,SO, requires C, 65-5; H, 10-0; N, 9-0; S, 
5-1%). The picrate formed rosettes of small stout needles from alcohol, m. p. 88—89°. 

Tridecylation with tridecyl bromide (prepared by the action of bromine on silver myristate ; 
B.P. 456,565) gave a total yield of 10-26 g., of which 2-6 g. was 2-tridecylaminopyridine, which 
formed colourless needles from alcohol, m. p. 65—66° (Found: C, 78-2; H, 11-7; N, 10-1. 
C,,H,,N, requires C, 78-2; H, 11-7; N, 10-1%). The picrate formed needles from alcohol, 
m. p. 92—94°. 1-Tridecyl-2-pyridoneimine sulphate formed colourless needles from dry 
alcohol, m. p. about 265° after sintering at 215° (Found: C, 66-3; H, 10-3; N, 8-8; S, 5-0. 
C,,H;.N,,4H,SO, requires C, 66-4; H, 10-2; N, 8-6; S,4:9%). The picrate formed soft needles 
from alcohol, m. p. 88—93°. 

Tetradecylation with tetradecyl chloride gave a total yield of 12-48 g., of which about 
half was 2-tetrvadecylaminopyridine; this formed colourless soft needles from alcohol, m. p. 
69° (Found: C, 78-4; H, 11-6; N, 9-2. C,)H,,N, requires C, 78-5; H, 11-8; N, 9-6%). The 
picrate formed needles from alcohol, m. p. 83°. 1-Tetradecyl-2-pyridoneimine sulphate crystal- 
lised in colourless needles from dry alcohol, m. p. about 260° after sintering at 190° (Found : 
C, 67:3; H, 10-2; N, 8-4; S, 4:7. C,,H;,N.,4H,SO, requires C, 67:2; H, 10-4; N, 8-25; 
S, 4:7%). The picrate formed rosettes of stout needles from alcohol, m. p. 88°. 

Tetradecylation in the presence of sodamide. Powdered sodamide (0-95 g.), dry toluene 
(20 c.c.), and 2-aminopyridine (2-35 g.) were heated under reflux for 14 hours. Tetradecyl 
chloride (5-8 g.) was slowly added, and the mixture boiled for 44 hours. After cooling, water 
was added, and the toluene separated, dried, and evaporated. The residue, which solidified 
on cooling, was distilled at 30 mm. pressure to remove aminopyridine, and then at 0-1 mm. 
The fraction, b. p. up to 190°, was dissolved in ether and shaken with water and a few drops of 
n-Sulphuric acid. The base recovered from the aqueous part amounted to 0-12 g. and perhaps 
contained some 1-tetradecyl-2-pyridoneimine, but the picrate prepared from the fraction was 
not pure. The ether on evaporation gave a mixture of unchanged tetradecyl chloride and 
2-tetradecylaminopyridine (2-37 g.), m. p. 69—70°, which were separated by fractional distillation. 

Benzylation with benzyl bromide gave a yield of 6-83 g., of which 1-42 g. was 2-benzyl- 
aminopyridine, which formed thin quadrangular plates from alcohol, m. p. 98°. Tschitschi- 
babin e¢ al. record m. p. 93—94° (Found: C, 78-1; H, 6-45; N, 15-1. Calc. for C,,H,,N,: 
C, 78:2; H, 6-6; N, 15:2%). The sulphate of 1-benzyl-2-pyridoneimine formed colourless 
needles from dry alcohol, m. p. 261° (decomp.) (Found: C, 61-7; H, 5-7; N, 11-9; S, 6-8. 
C,,.H,.N,,4H,SO, requires C, 61-75; H, 5-6; N, 12-0; S, 69%). The hydrochloride melted 
at 198—199° (Tschitschibabin e¢ al. record m. p. 202—203°). 

1-Dodecyl-2-pyridone.—1-Dodecyl1-2-pyridoreimine sulphate (1-0 g.) was heated under reflux 
with potassium hydroxide (2 g.) in 50% aqueous alcohol (20 c.c.). After 5 minutes ammonia 
was detected in the gas swept out by a current of nitrogen. After 56 hours no more ammonia 
could be detected. The alcohol was evaporated, and the residue extracted with ether; the 
oil thus obtained (0-7 g.) was not crystalline. It gave a picrate, which formed yellow needles 
from alcohol, m. p. 96—97° (Found: C, 56-2; H, 6-5; N, 11-5. C,,H,,ON,C,H,O,N, requires 
C, 56:3; H, 6-2; N, 11-4%). 

2-Dodecylaminopyridine gave no trace of ammonia when heated for a day with aqueous 
alcoholic potassium hydroxide. 


The author thanks Messrs. A Bennett and H. C. Clarke for the micro-analyses. 
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383. Complexes of Polynitro-compounds. Part III. Compounds of 
Polynitro-substances with Derivatives of Carbostyril, etc. 


By ANDREW KENT, DONALD MCNEIL, and RoBert M. Cowper. 


Monomethyl derivatives of carbostyril and of dibenzylaniline (cf. Part II, J., 
1938, 8) and some other derivatives of the former have been examined with reference 
to their capacity to afford crystalline, termolecular (1 : 2) compounds with polynitro- 
substances, analogous to those provided by the parent compounds (Sudborough, J., 
1916, 109, 1346). Some exceptions were observed, including a crystalline 2 : 3 product 
from s-trinitrobenzene (X) and dibenzyl-m-toluidine (cf. the analogous compound 
between X and triphenylcarbinol, indicated by the m. p. curve; Kremann, Hohl, 
and Miiller, Monatsh., 1921, 42, 199), but 13 substances gave 16 new examples of 
ternary complexes with X or with picric acid (Y). 

The Y compounds prepared included some “ salt-like ’’ types with carbostyrils 
(cf. Knorr, Annalen, 1886, 236, 86) and with 2-quinolones (cf. Fischer, Ber., 1899, 32, 
1305, but also Kaufmann and de Petherd, Ber., 1917, 50, 342) for which a “ hydrogen 
bond ”’ is suggested. A few picrates were obtained from thio-compounds and methyl 
picrate. 


In contrast to 1-ketotetrahydrocarbazole (Part I, J., 1935, 977), carbostyril and dibenzyl- 
aniline, though readily giving homogeneous, crystalline, molecular compounds from 
alcohol with s-trinitrobenzene (X), did not do so with 1 : 2: 4-trinitrobenzene, m- or - 
dinitrobenzene, s-trinitrotoluene, 2:4- or 3: 5-dinitrotoluene. Carbostyril, however, 
afforded a range of accessible derivatives which demonstrate in some instances (e.g., in the 
table, XB,, XL, XP’,) persistence in ternary complex formation over a relatively wide 
constitutional range; and of the cases in which there is apparently an exceptional be- 
haviour in that binary compounds are formed, some (KU, XU’, XV) may not strictly be 
comparable with complexes containing a carbostyril derivative to which a resonant amido- 
character may be assigned (Arndt, Eistert, and Ender, Ber., 1929, 62, 50; Arndt and 
Eistert, Ber., 1938, 71, 2041). The remaining exceptions of this type, however, demonstrate 
that secondary influences affect the availability as solid phases of any alternatives present 
in appropriate solutions or melts; for instance, the effect of #-methylation on thiocarbo- 
styril is to change the s-trinitrobenzene complex from ternary to binary, whereas it has the 
opposite effect on 1-ketotetrahydrocarbazole (cf. Part II), and in dibenzylaniline the type 
of complex is unaltered. 

The most striking variation in the tendency for complex formation with s-trinitro- 
benzene is provided among the C-methylcarbostyrils by the unique failure in this respect 
of 6-methylcarbostyril; this appears to be constitutional (cf. the 4-isomeride; see figure) 
and is contrary to the usually helpful influence of such substituents in amines or hydro- 
carbons (Sudborough and Beard, J., 1910, 97,774; Moore, Shepherd, and Goodall, J., 1931, 
1453; Davies and Hammick, J., 1938, 766; Hamilton and Hammick, 7bid., p. 1351) : it may 
partly account for the absence or the relative instability of similar complexes from 6- 
methylcarbostyril derivatives. N-Methylation of carbostyrils, in contrast to O-methyl- 
ation (cf. XU, where U is a liquid, and XV), appeared to reduce the probability of isolating 
homogeneous crystalline derivatives of s-trinitrobenzene; on the other hand, replacement 
of carbonyl oxygen by sulphur had generally, as in coumarin, a helpful effect except in one 
case (that of 1 : 6-dimethyl-2-thioquinolone), but it is not quite clear that these are con- 
stitutional effects rather than results of relative component solubilities (cf. Bamberger and 
Dimroth, Annalen, 1924, 438, 67). 

The picrates obtained from various quinolones and carbostyrils are, with one exception 
(viz., YC,), manifestly “ salt-like’”’ in character if compared with the s-trinitrobenzene 
complexes in colour and m. p. (Pfeiffer, ‘‘ Organische Molekulverbindungen,” Stuttgart, 
1927, pp. 351, 357); and moreover they are here frequently of different (é.e., 1: 1) com- 
position. Their similar ease of preparation and moderate solubility in alcohol suggest that 
the picrates of carbostyrils are not differentiated from 2-quinolone picrates as salts of 
“ 2-hydroxyquinolines,”’ unless perhaps in the case of carbostyril picrate itself, which is 
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plainly exceptional in its relatively low m. p. (cf. Arndt, Eistert, and Ender, Joc. cit.) and 
its excessive solubility in water and ether (Henze, Ber., 1936, 69, 1568) and in the lower 
alcohols. Although an “ amide picrate ” formulation is equally applicable to both types, 
salts of anilides are relatively unstable (Topin, Ann. Chim. Phys., 1895, 5, 128, 130), and 
it is notable that dihydrocarbostyril is unable to afford an analogous product, although it 
is derived from an acid weaker than cis-cinnamic (Internat. Crit. Tables, 1929, 6, 290—291) 
and it contains an amido-group less likely than that of carbostyril to exercise an internal 
basic function (Arndt and Eistert, loc. cit., p. 2042). These picrates may therefore be 


“ hydrogen bond” adducts, ‘NR-C:0 - + +» HOX, stabilised by resonance. If so, the anom- 
alous behaviour of 3-methylcarbostyril towards picric acid would be of some theoretical 
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interest; and such a structure for the quinolone and carbostyril picrates would be con- 
sistent with the tendency of the 2-thio-quinolones and -carbostyrils to give molecular 
compounds with this acid (YA’, YD’;, YP’,) or none (1 : 6-dimethyl-2-thioquinolone ; cf. 
Lassettre, Chem. Rev., 1936, 20, 259; Huggins, J. Org. Chem., 1936—1937, 1,454). On the 
other hand, the picrate of 2-thiocoumarin (Ghosh, J., 1915, 107, 1599) is, by the usual 
criteria, almost certainly a “‘ salt ’’ analogous to those of coumarin (Ghosh, Joc. cit.) and 
1-thiocoumarin. 
EXPERIMENTAL. 


Picrates assumed to be “ salt-like ” in structure are indicated hereafter by the use of Y as a 
suffix (e.g., in the table: AY, but YC,). The descriptions of XA, (Sudborough, Joc. cit.) and 
UY (Kaufmann and de Petherd, Joc. cit.) confirm those of the respectivefauthors; analytical 
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data are provided for AY (Henze, loc. cit.), DY (Knorr, loc. cit.), and QY (Fischer, Joc. cit.). 
The other compounds appear to be new except that our XD, coincides sharply in its properties 
with the similar complex, containing ‘“‘ hydroxylepidine,’’ of Sudborough and Beard (J., 1911, 
99, 213) although their “‘ hydroxyquinoline ” is clearly 8-hydroxyquinoline. 

The compounds were best prepared in the solvent indicated, absolute alcohol being used if 
practicable, and if possible the original solvent was used for recrystallisation of specimens for 
micro-analysis (for all of which the authors are indebted to Mr. J. M. L. Cameron) : alternative 
analytical figures were derived from separate preparations. The complex XP and that from 
Y and F’ could not be isolated in microscopically homogeneous condition. The absence from 
the tabulated list of an X or Y compound indicates failure to obtain it from appropriate solutions 
or melts. 1 : 6-Dimethyl-2-thioquinolone, which is reasonably soluble in the common solvents, 
gave coloured solutions with X and with Y, but no solid products; moreover, melts of the 
components showed signs of decomposition. 


X = s-Trinitrobenzene. Y = Picric acid. 


Polynitro- 
component. Aromatic component. ° lo \ Description. M. p. Solvent. 
A. Carbostyril Sulphur-yellow needles 178° EtOH 
om . x Yellow needles 132 Et,0 * 
A’. Thiocarbostyril . Light brown plates 163—165 EtOH 
- . Crimson needles 145 “ 
B. Dihydrocarbostyril 4 5 . Yellow plates 137—138 wr 
C. 3-Methylcarbostyril ‘ . Light yellow needles incongruent pas 
i Golden-yellow prisms 2 “ 


. 4-Methylcarbostyril : ‘ Canary-yellow prisms 226—227 ™ 


” 


ce 164—165 
. 4-Methyl-2-thiocarbostycil Bi - 190—192 CHCl, + X 
i “ Orange-red plates 193—195 CHCl,+ Y 
. 5-Methylcarbostyril ‘5 x Light yellow needles 222—223 EtOH 
” , . Yellow — 156—157 * 
. 6-Methylcarbostyril . Pale yellow needles 171—172 a 
. 6-Methyl-2-thiocarbostyril 4 . Orange prisms 159—161 CHCl, (conc. soln.) 
Scarlet prisms 140—142 CHCl, (1:1 conc. 


” 


soln.) 
. 7-Methylcarbostyril a . Canary-yellow needles 203—204 EtOH 


> . ” Light yellow needles 163 pS 
. 8-Methylcarbostyril Golden-yellow needles 181 a 
a. : Light yellow needles 128—129 » (conc. soln.) 
. 4:6-Dimethylcarbostyril " . Golden-yellow prisms incongruent = 
pe . Canary-yellow needles 188 EtOH 
. 4: 7-Dimethylcarbostyril 


Spee low needles 213—214 oo 
pa ‘ ve t yellow needles 189—191 pas 
. 4:8-Dimethylcarbostyril . " Sulphur-yellow needles 199—200 ne 
90 Canary-yellow needles 192—194 * 
. 1-Methyl-2-quinolone —_ yellow laminated 77—79 CCl, + P (cf. Fig.) 
tes 
a Yellow needles 128—129 EtOH 
. 1-Methyl-2-thioquinolone . Orange needles ja 
” y . ‘1 Orange prisms ” 
. 1: 6-Dimethyl-2-quinolone 13° Canary-yellow needles 50 a 
. 1: 7-Dimethyl-2-quinolone , . ism - ft R 
‘ t 


. 1: 8-Dimethyl-2-quinolone - i 
J, 2-Methoxyquinoline 5 Yellow plates a 
pe 7 Yellow needles ‘- 
U’. 2-Methylthioquinoline Deep yellow needles MeOH 
- . . Yellow plates - 
V. 2-Methoxy-6-methylquinoline . 5 Greenish-yellow prisms EtOH (conc. soln.) 
- VY 139 Greenish-yellow plates 181—182 EtOH 


* This compound was also prepared from very concentrated solutions of its components in MeOH or EtOH. 
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The compound of picric acid and 2-methylthioquinoline (U’Y) was first obtained when 
thiocarbostyril and methyl] picrate were dissolved together by warming in methyl alcohol; that 
it was not, despite its ease of preparation, a molecular compound was established by the following 
synthesis of an identical product. Methanethiol, from S-methylthiourea sulphate (17 g.; 
Arndt, Ber., 1921, 54, 2237), was bubbled through a solution of sodium (0-7 g.) in methyl alcohol 
(10 c.c.), 2-chloroquinoline (5 g.) in methyl alcohol (5 c.c.) added, and the whole boiled under 
reflux for 2 hours, and filtered. Picric acid (5 g.) was added in portions to the filtrate, pre- 
cipitating first sodium picrate and then crude U’Y, which was readily purified by washing with 
cold water (yield, 1-5 g.) (Found: N, 14-:0%) and gave crude 2-methylthioquinoline (Beilenson 
and Hamer, this vol., p. 147) on cautious treatment with an ice-cold dilute solution of sodium 
bicarbonate. Giua and Giua (Gazzetia, 1921, 51, 313, 315; cf. Pfeiffer, op. cit., p. 369) describe 
as molecular compounds the products obtained from heterocyclic bases and methyl picrate, etc. ; 
that from quinoline and methy] picrate is identical with the product from quinoline methosulphate 
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and Y, and the others described are also, from their lengthy mode of preparation, most probably 
analogous salts. 

2-Methylthio-6-methylquinoline picrvate, prepared from F’ and methyl picrate by 1 hour’s 
boiling in methyl alcohol, formed golden-yellow plates from methyl alcohol, m. p. 196—197° 
(Found: N, 13-2. C,,H,,NS,C,H,O,N, requires N, 13-4%), which afforded 2-methylthio-6- 
methylquinoline (Fischer, /oc. cit., p. 1306) with aqueous sodium bicarbonate. 

2-Methylthio-1-methylquinolinium picrate, prepared from P’ and methyl picrate by 10 mins.’ 
boiling in methyl alcohol, formed deep yellow plates, m. p. 175° [Found: N, 13-5. 
SMe-C,H,NMe:O-C,H,(NO,),; requires N, 13:-4%]. 1: 6-Dimethyl-2-thioquinolone was, in 
similar circumstances and even after 2 hours’ boiling, recovered unchanged. 

Crystallisation of X from 6-methylquinoline gave the binary compound (Sudborough and 
Beard, J., 1910, 97, 776, 795) as faintly yellow needles, m. p. 63—65° (Found, by trituration 
with dilute aqueous hydrochloric acid: C,H,O,N;, 59-5. Calc. for C,H,O,N3,C,)H,N : 
C,H,O,N;, 59°8%). 8-Methylquinoline similarly afforded the analogous product (idem, ibid.) 
as faintly yellow needles, m. p. incongruent (Found: X, 593%. A correction was applied in 
these analyses for loss of dissolved X as determined bya blank experiment). Thus no evidence 
was obtained of relative complex-instability associated with 6-methylation in this case. 

Except for D and its homologues (Ewins and King, J., 1913, 103, 104) the most attractive 
synthesis of carbostyrils is that of Tschitschibabin (Ber., 1923, 56, 1879; Tschitschibabin and 
Kursanowa, Chem. Absir., 1931, 25, 2727); but efforts to obtain A or F by this procedure 
were unsuccessful. Attempts to extend Camps’s synthesis of A (Arch. Pharm., 1899, 237, 682) 
to the preparation of C from o-aminobenzaldehyde and propionic anhydride were also unsuccess- 
ful, the only product isolated being the aldehydo-autocondensate (Camps, Joc. cit.). 

Spath’s synthesis (Monatsh., 1919, 40, 122) was adopted for F, G, and H, then the more 
recent procedure of Henze (Joc. cit., p. 1567) was successfully extended to F, C, and E. In the 
preliminary preparation of 5-methylquinoline the intermediate 8-carboxylic acid (Jakubowski, 
Ber., 1910, 48, 3028) was isolated in greatly improved (60%) yield when Chakravarti and 
Venkatasubban’s modification of the Skraup synthesis (J. Annamalai Univ., 1933, 2, 236; 
Chem. Abstr., 1934, 28, 2008, gives an erroneous abstract) was applied to 3-amino-4-cyanotoluene. 

| The following compounds were, unless otherwise indicated, finally recrystallised from 
alcohol: 2-chloro-7-methylquinoline, colourless plates, m. p. 81° (Found: N, 8-0; Cl, 19-8. 
C,,H,NCI requires N, 7-9; Cl, 200%); picrate, canary-yellow plates, m. p. 113—114° (Found : 
N, 13-7. CyjH,NC1,C,H,O,N, requires N, 13-45%). 3-Methylquinoline oxide hydrochloride, 
colourless prisms, m. p. 192—194° (Found: N, 7-0. C,9H,,ONCI requires N, 7-:15%); picrate 
(which may be a molecular compound; cf. Henze, loc. cit., and XC,), greenish-yellow needles, 
m. p. incongruent (Found: N, 14:4. C,sH,;0,N;,C,,H,ON requires N, 144%). 6-Methyl- 
quinoline oxide hydrochloride, colourless needles, m. p. 172—173° (Found: N, 7:0%); picraie, 
pale yellow, felted needles, m. p. 174—175° (Found: N, 14-2%). 

5-Methylcarbostyril, colourless plates, m. p. 222—223° (Found: N, 9-1. C,)H,ON requires 
N, 8-8%). 7-Methylcarbostyril, colourless plates, m. p. 192—193° (Found: N, 8-9%). 

1 : 7-Dimethyl-2-quinolone, long, faintly yellow needles from light petroleum, m. p. 107— 
108° (Found : N, 8-15. C,,H,,ON requires N, 8-1%). 1: 6-Dimethyl-2-thioquinolone, obtained 
by Roos’s method (Ber., 1888, 21, 620), small yellow needles, m. p. 137° (Found: N, 7:5. 
C,,H,,NS requires N, 7-4%. Sodium nitroprusside test for sulphur, positive). 

The complex of X and dibenzylaniline (Sudborough, Joc. cit.) was re-examined and its 
1 : 2-constitution confirmed (Found: N, 9-5. Calc. for 2Cy,H,;,N,CgH,;0,N,: N, 9:2%). 

s-Trinitrobenzene with dibenzyl-o-toluidine gave relatively lightly coloured alcoholic solu- 
tions which precipitated only the constituents. Melts of these substances in 1: 1, 1:2, or2:3 
proportions afforded viscous red liquids which, very slowly in the last two instances, disintegrated 
to colourless powders. 

Dibenzyl-o-toluidine picvate gave, very slowly from alcohol, canary-yellow prisms, m. p. 120— 
121° (Found: N, 10-9. C,,H,,N,C,H,;O,N;, requires N, 10-8%). 

s-Trinitrobenzene with dibenzyl-m-toluidine, in concentrated alcoholic solution, precipitated 
on seeding a compound as ruby-red regular prisms, m. p. 71—72° (Found: N, 9-9, 9-8. 
2C,H,O,N;,3C,,H,,N requires N, 9-8%), obtained in the first instance by inoculation of a 
solution with the analogous 1 : 2-derivative of dibenzylaniline; a solution containing the re- 
actants in the ratio 2: 3 thus gave successive crops of complex until reduced to dryness. On 
the other hand, a concentrated alcoholic solution of both components deposited no trace of 
complex during one month in a thermostat (20°), although on seeding it provided the colovred 
product almost at once. Melts of these components in the molar ratios 1: 1 or 1: 2 solidified 
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to colourless mixtures; 2:3 melts, cautiously cooled, afforded a mixture of red prisms and 
starting materials. 

Dibenzyl-m-toluidine picrate gave, from alcohol, yellow prisms, m. p. 126—127° (Found : 
N, 10-9%). 

Alcoholic 1: 2-solutions of s-trinitrobenzene and dibenzyl-p-toluidine readily afforded a 
complex as ruby-red needles, m. p. 62—64° (Found: N, 8-9. C,H,;O,N;,2C,,H,,N requires 
N, 8-9%), which recrystallised unchanged from alcohol. 

Dibenzyl-p-toluidine picrate afforded golden-yellow plates from alcohol, m. p. 174—175° 
(Found by trituration with dilute aqueous ammonia: C,,H,,N, 55-6, 55-8. C,,H,,N,C,H,O,N, 
requires C,,H,,N, 55-6%. Micro-analyses of specimens from various preparations gave con- 
sistently high results for nitrogen): 

Dibenzylaniline and the dibenzyltoluidines were readily obtained in 80% yield by Desai’s 
process (Chem. Absir., 1925, 19, 2645) from the appropriate amine (1 mol.), iodine (0-01 mol.), 
benzyl chloride (2 mols.; not 1 mol., Desai), and fused sodium acetate (2 mols.). 

s-Trinitrobenzene with 1-thiocoumarin in concentrated benzene or alcoholic solution gave 
colourless solutions which precipitated only the components. It thus resembles coumarin 
(Sudborough and Beard, J., 1911, 99, 216). 1-Thiocoumarin picrate gave yellow needles from 
alcohol, m. p. 148° (Found: N, 10-8. C,H,OS,C,H,O,N, requires N, 10-7%). In the prepar- 
ation of 1-thiocoumarin it was observed that tvans-o-aminocinnamic acid gave a binary complex 
with X (cf. XA,) as brick-red, microscopic needles from alcohol, m. p. 131° (Found: N, 14-8. 
C,H,O,N;,C,H,O,N requires N, 149%); and that o-dithiocinnamic acid was quantitatively 
reduced to the thiol by the method of Claasz (Ber., 1912, 45, 2427; cf. Chmelewsky and Fried- 
lander, ibid., 1913, 46, 1906). The dithio-acid (1 g.) and anhydrous sodium acetate (0-7 g.) 
were dissolved in water (3 c.c.); glucose (0-6 g.) was added and the whole heated on the water- 
bath for exactly 10 mins. before acidification. . 

s-Trinitrobenzene with 2-thiocoumarin in alcohol readily afforded a binary complex (cf. 
ternary complex with coumarin from m. p. curve, Sudborough and Beard, ibid.; cf. XA, and 
XA’, but also XP and XP’,) as light brown plates which darkened on exposure to air, m. p. 87° 
(Found: N, 11-2. C,H,O,N;,C,H,OS requires N, 11-2%). 

2:4: 5-Trinitrotoluene with 4: 4’-bisdimethylaminodiphenylmethane in alcoholic solution 
gave a binary complex (cf. the similar X-derivative; Romburgh, Rec. Trav. chim., 1888, 7, 
228) as dark-red needles, m. p. 92—93° (Found: N, 14-6. C,H,;N,0,,C,,H,,N, requires N, 
14-55%). 2:4: 6-Trinitrotoluene and p-dinitrobenzene did not afford crystalline derivatives. 
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384. Physical Properties and Chemical Constitution. Part IV. Methyl- 
cyclohexane and the Multiplanar Structure of the Methylcyclohexane 
Ring. 


By Davin M. Cowan, GEorGE H. JEFFERY, and ARTHUR I. VOGEL. 


Decomposition of either of the semicarbazones of 2- and 4-methylcyclohexanones 
by the Wolff method yielded the same methylcyclohexane B; this passed on keeping 
for several days or on warming for a short time at 40—60° into another form (B’), 
which was exclusively obtained by the Clemmensen reduction of pure 2-, 3-, and 4- 
methyleyclohexanones. The experimental results with 3-methylcyclohexanonesemi- 
carbazone were somewhat erratic but they may indicate the presence of considerable 
quantities of a third form of the methylcyclohexane ring. The results support the 
view that the methylcyclohexane ring exists in multiplanar forms. 


FURTHER experimental work has shown that the methyleyclohexanes A of Part III (J., 
1938, 1323) are, in fact, slightly impure forms of B’, for their physical properties changed 
appreciably during 6 months’ keeping, and redistillation over sodium afforded material 
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having properties agreeing closely with those originally recorded for B’. Furthermore, the 
physical properties of form B’ remained unchanged after 1 year’s keeping. The view that 
A was a Stable form of methyleyclohexane being no longer tenable, we directed our experi- 
ments with a view to obtain independent experimental evidence for the existence of forms 
B and B’. 

Clemmensen reduction of pure 2-, 3-, and 4-methylcyclohexanones gave products which 
differed widely in physical properties (compare Morgan and Hickinbottom, J., 1921, 119, 
1886, who obtained similar results in the reduction of 4-chlorophenyl -propyl ketone), 
but this was found to be due to the presence of small quantities of methylcyclohexenes, 
since on further reduction with hydrogen and Adams’s platinum catalyst the physical 
properties agreed closely with those originally found for B’ (see Experimental). These 
results seem to establish beyond all doubt the existence of the B’ form, but no evidence 
could be obtained in these experiments of the B modification. 

The reduction of the pure semicarbazones of 2- and 4-methylcyclohexanones with 
sodium ethoxide by a modification of the Wolff-Kishner method (compare Bennett and 
Linstead, J., 1935, 442; Cook and Linstead, J., 1934, 956) led in both cases to the B form, 
which passed on standing for several days into the B’ form (see Experimental). 3-Methyl- 
cyclohexanonesemicarbazone yielded apparently anomalous results for which no satisfactory 
explanation can be offered; they do not, however, exclude the possibility of the presence 
of varying quantities of another isomeride of methylcyclohexane. 

The experiments with 2- and 4-methylcyclohexanones seem to establish the existence 
of two forms of methylcyclohexane, one of which (B) is comparatively unstable and passes 
easily into a stable form (B’) and thus provides direct evidence for the existence of the 
methylceyclohexane ring in multiplanar forms. The exact number of theoretically possible 
forms of methylcyclohexane has been discussed by Brodetsky (Proc. Leeds Phil. Soc., 1929, 
1, 370; cf. Wightman, Chem. and Ind., 1939, 58, 604) and by Cohen Henriquez (Proc. Roy. 
Acad. Amsterdam, 1934, 37, 532). According to the former, the “ chair ’’ or “‘ Z ” form of 
the methylcyclohexane ring can give rise to two isomeric monosubstituted derivatives, 
whilst the latter finds that there is one fixed (“ Z ’’) modification and an infinite number of 
mobile modifications of which the “‘C ” form is one. Both mathematical analyses appear 
to be in agreement that more than two forms of the monosubstituted six-membered ring 
are theoretically capable of existence. 

It should be pointed out that the form B is particularly sensitive to chemical reagents ; 
e.g., of some 18 preparations from the semicarbazones it was only possible to prepare the B 
form 6 times, the B’ form being obtained in every other case. It is significant that the B 
form was isolated at the beginning of the autumn term when the laboratory was compar- 
atively free from fumes: most subsequent attempts yielded the B’ form, presumably 
owing to the presence of catalysts in the atmosphere. Furthermore, it is essential to 
employ a ground-glass joint in the hydrogenation bottle in the preparation from 2-methy]l- 
cyclohexanol; if a rubber stopper is used, the B’ form is invariably obtained. 

The physical properties of the B’ form are in excellent agreement with those recorded 
by Wibaut, Hoog, Langedijk, Overhoff, and Smittenberg (Rec. Trav. chim., 1939, 58, 329), 
who found for methyleyclohexane prepared by the hydrogenation of pure toluene under 
pressure in the presence of a nickel catalyst: b. p. 100-80°/760 mm., di?" 0-76944, ng 
1-42085, n>" 1-42310, nz” 1-42838, ng 1-43285. 


EXPERIMENTAL. 


Pure 2-, 3-, and 4-methylcyclohexanones were specially prepared by Messrs. Howards from 
the pure cresols; the 3-compound was also obtained from Messrs. Ronsheim and Moore. All 
the physical measurements were made as described in earlier papers of this series. 

Reduction of Semicarbazones with Sodium Ethoxide.—The pure semicarbazone was placed 
in a 250-c.c. Pyrex Claisen flask connected to a Pyrex condenser and Pyrex Perkin triangle, 
and a solution of sodium ethoxide added; a thermometer was inserted with its bulb about 
2 cm. from the bottom of the flask, and the mixture was slowly distilled from a special glass- 
fronted air-bath, the temperature of which could be maintained constant within + 2°. When 
most of the alcohol had passed over, the temperature was raised slowly until no further liquid 
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distilled over. Most of the hydrocarbon passed over at 180—220° for the 2- and the 4-com- 
pound, and at 160—180° for the 3-compound. Great care must be exercised in the early stages 
of the distillation owing to excessive frothing. In all cases the liquid distilling above 100° 
was poured into water, the upper layer separated, treated successively with excess of 3n-sulphuric 
acid, water, saturated sodium bisulphite solution (shaken in mechanical shaker for 30—60 
mins.), and water, and dried over calcium chloride. The product was then distilled over sodium 
in an all-glass Pyrex apparatus, and the middle fraction collected. 

4-Methylcyclohexanone. 28G. ofthe semicarbazone, m. p. 196° (crystallised from equal vols. 
of methyl and ethyl alcohols), and 12 g. of sodium in 130 c.c. of alcohol yielded 9-9 g. of 
hydrocarbon, b. p. 100-3—100-4°/760 mm. This had a2!" 0-7676, m2” 1-42090, nZ" 1-42311, 2” 
1-42847, 120° 1-43238.* Upon standing for five days the physical properties were d?*" 0-7695, 2” 
1-42104, 2° 1-42326, n}” 1-42856, nz” 1-43256; these remained unchanged on further keeping 
for fifty days or upon distillation. 

2-Methylcyclohexanone. 34 G. of the semicarbazone, m. p. 196° (ex rectified spirit), and 
14-5 g. of sodium in 180 c.c. of absolute alcohol gave 13-5 g. of methylcyclohexane, b. p. 100-4°/ 
763 mm. Immediately after distillation this had 4%" 0-7678, 2° 1-42083, 2° 1-42306, n?” 
1-42835, 20" 1-43224; 3—4 days later, these values had changed to 0-7694, 1-42099, 1-42321, 
1-42853, and 1-43253, respectively, and were then unchanged after a further 28 days. 

3-Methylcyclohexanone. The semicarbazone prepared from ketone from either source 
(see above) and recrystallised from pure methyl alcohol had m. p. 186°, unchanged by repeated 
recrystallisation from this solvent or from ethyl alcohol, ethyl acetate, or benzene—methyl 
alcohol—light petroleum (b. p. 40—60°). The purity of the semicarbazones was confirmed as 
follows. The mixed m. p. was 186°. The semicarbazone from Howard’s ketone was converted 
into the ketone by means of oxalic acid in the usual way, and after thorough drying by anhydrous 
sodium sulphate (shaking machine, 1 hour) it had b. p. 169°/756 mm., a3?" 0-9181, 2” 1-44284, 
nv” 1-44586, n?” 1-45113, 2° 1-45554. (Eisenlohr, Fortschr. Chem. Physik, 1925, 18, 46, 
gives b. p. 170-5°/755 mm., df 0-9182, ZX” 1-44270, ng, 1-44526, nz” 1-45122, n>?” 1-45598, 
from semicarbazone m. p. 190°; for other values see Vogel, J., 1938, 1333; the pure ketone 
is appreciably hygroscopic, and unless it is thoroughly dried and the measurements performed 
within 24 hours of distillation, somewhat lower values for the density will be obtained.) 

26-2 G. of semicarbazone (from Howard’s ketone) and 11-5 g. of sodium in 123 c.c. of absolute 
ethyl alcohol yielded 9-4 g. of hydrocarbon, b. p. 100-0°/750 mm., d3°" 0-7699, ng” 1-42102, n?” 
1-42326, n2° 1-42854, n20° 1-43248; after 5 days it had d? 0-7718, n° 1-42321. In another experi- 
ment with the same semicarbazone the methylcyclohexane had b. p. 99-5°/743 mm., a7" 0-7716, 
n2®” 1-42096, n°” 1-42321, n3° 1-42855, n20° 1-43240; these properties were unchanged on keeping 
for several months. 

In a similar experiment with 26-0 g. of semicarbazone from Ronsheim and Moore’s ketone, 
9-4 g. of hydrocarbon were obtained ; b. p. 100-4°/769 mm., d7*" 0-7687, n2” 1-42098, n° 1-42321, 
n2” 1-42848, 20° 1-43239, and after 7 days’ keeping, dj 0-7701, ng” 1-42099, un?” 1-42321, 
nz” 1-42852, n° 1-43247. The last values remained unchanged upon further keeping or upon 
distillation over sodium. 

Clemmensen Reduction of Ketones.—General procedure. ‘The reductions were effected in an 
all-Pyrex glass apparatus (cf. Linstead and Meade, J., 1934, 945; Meade, Ph.D. Thesis, London, 
1933). 60 G. of zinc wool were placed in the 250 c.c. flask and treated successively with hot 
10% sodium hydroxide solution, water, and 5% mercuric chloride solution for one hour, and the 
amalgam was thoroughly washed with water; 75 c.c. of glacial acetic acid, 25 c.c. of con- 
centrated hydrochloric acid, and 20 g. of the ketone (ex bisulphite compound) were then added, 
and the mixture refluxed until fuming ceased (4 hr.) and then for a further 8—9 hours in a gentle 
stream of hydrogen chloride. The mixture was distilled in steam, the upper layer of the distillate 
separated, washed with water, shaken mechanically with saturated sodium bisulphite solution 
(no crystalline bisulphite compound separated), washed with water, dried with calcium chloride, 
and distilled. The résultant hydrocarbon (60% yield) invariably contained some unsaturated 
compound and was shaken with hydrogen in the presence of Adams’s platinum catalyst until no 
further absorption took place; it was then dried with calcium chloride and distilled from sodium 
in all-Pyrex glass apparatus. 

2-Methylcyclohexanone. The crude dried reduction product had b. p. 100—102°/760 mm. ; 
this was redistilled over sodium, and a middle fraction, b. p. 100-2°/760 mm., collected ; this had 
@S” 07735, nZ” 1-42291, ni” 1-42516, nz” 1-43061, nz” 1-43466. 15-5 G. were reduced with 

* For data here and subsequently, 20° is used for brevity, although the temperature was accurately 
20-0°. 
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hydrogen in the presence of 0-3 g. of Adams’s platinum catalyst; absorption (360 c.c.) was 
complete in 5 hours. The product on distillation over sodium distilled completely at 100-3— 
100-4°/754 mm., and had d3*" 0-7694, m2” 1-42091, n° 1-42316, nz” 1-42844, ng” 1-43242. 

3-Methylcyclohexanone. The crude dried reduction product had b. p. 100—101°/760 mm. ; 
this was redistilled over sodium, and a middle fraction, b. p. 99-6°/741 mm., collected: d? 
0-7770, n2” 1-42504, 2° 1-42737, n2° 1-43296, n2%° 1-43725. 17-0 G. were reduced as before 
in the presence of 0-3 g. of platinum: 440 c.c. of hydrogen were absorbed. The hydrocarbon 
thus obtained distilled constantly at 100-4°/749 mm., and had dj 0-7693, n” 1-42093, n>" 
1-42316, nz” 1-42847, nd” 1-43243. 

4-Methylcyclohexanone. The dried product from the Clemmensen reduction had b. p. 
100—101-5°/760 mm.; this was redistilled over sodium, and a middle fraction, b. p. 100-3— 
100-4°/755 mm., had 422” 0-7704, 2” 1-42196, nu?” 1-42426, nz” 1-42962, nz" 1-43365. 18-6 G. 
were reduced as before in the presence of 0-3 g. of platinum : 600 c.c. of hydrogen were absorbed. 
The hydrocarbon thus obtained distilled constantly from sodium at 100-2°/746 mm., and had 
d= 0-7692, n2®° 1-42092, nz” 1-42316, nz” 1-42848, nz” 1-43238. 

Preparation from 1-Methyl-A'-cyclohexene.—The unsaturated hydrocarbon prepared from 
cyclohexanone (ex bisulphite compound) as in Part III had b. p. 110—110-4°/744 mm. 20G. 
were shaken with hydrogen in the presence of 0-4 g. of Adams’s platinum catalyst until absorption 
became very slow. Addition of further catalyst only slightly increased the rate of absorption, 
and it was found best to redistil the liquid and reduce it again in the presence of fresh catalyst, 
these processes being repeated (4 times) until the theoretical absorption was obtained. The 
final product after distillation over sodium had b. p. 100-3°/750 mm., d?" 0-7698, ng” 1-42121, 
nx” 1-42346, nz” 1-42880, nz” 1-43237. 

Pavrachor of Methylcyclohexane (B’ form), b. p. 100-4°/755 mm.—The measurements were 
carried out in the usual manner. The constant K of the apparatus was 1-8725. The symbols 
have their usual significance (cf. Part III). 


Densities determined : d?° 0-7694, d#* 0-7511. 
Yooe = 23°74 (0-10). 


t. h. H. da. y. P. 
18-8° 16-78 16-54 0-7705 23-86 281-6 
40-7 15-54 15-30 0-7522 21-55 281-2 

Mean 281-4 


(Wibaut et al., give y,.. 23-73, P 281-6.) 


It is hoped to obtain further evidence of the existence of the various forms of methylcyclo- 
hexane by the determination of their freezing points. 

The authors’ thanks are due to the Chemical Society and Imperial Chemical Industries for 
grants. 


WooLwicH PotyTECHNIC, Lonpon, S.E. 18. [Received, October 6th, 1939.] 





385. Pectic Substances. Part IV. Citrus Araban. 
By G. H. Beaven, E. L. Hirst, and J. K. N. Jongs. 


Citrus pectin is shown to contain an araban which can be separated by extraction 
with 70% alcohol. The methyl derivative of this araban, obtained by treatment of 
the thallium derivative with methy] iodide, gives rise on hydrolysis to 2 : 3 : 5-trimethyl 
l-arabinose, 2: 3-dimethyl /-arabinose, and 3-methyl /-arabinose in equimolecular 
proportions, and it appears that all three sugars are combined in the polysaccharide in 
the furanose form. The araban is shown to be identical in the main features of its 
structure with the araban isolated from the pectic materials of the peanut and of the 


apple. 


ARABANS associated with various pectic substances have been discussed in previous papers 
(Hirst and Jones, J., 1938, 496; this vol., pp. 453, 454), and we now deal with the araban 
present in citrus pectin. This variety of pectin finds .wide industrial application and its 
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constitution is therefore of special interest. The citrus pectin used in this work was a 
purified commercial sample, which was free from added sugar or acids. It contained 
methyl pectate (ca. 78%), araban (ca. 7%), galactan, and smaller amounts of other 
materials, including the glycoside hesperidin. Preferential solution of the araban occurred 
when the pectin was boiled with 70% alcohol. The solution on concentration deposited 
some hesperidin, the identity of which was further substantiated by the preparation of its 
acetyl derivative (King and Robertson, J., 1931, 1704). Addition of acetone to the con- 
centrated alcoholic solution precipitated crude araban, [«]) about — 34°. This material 
still contained pectic acid and galactan as impurities. After purification by reprecipitation, 
material having [«]) — 118° was obtained (degree of purity, approximately 70%), but by 
this simple procedure it was not possible to isolate araban in the pure condition. The 
impurities can be removed by acetylation, the resulting diacetyl araban having constants 
identical with those previously recorded for the diacetyl araban isolated from the pectic 
material of the peanut (loc. cit.). Citrus araban underwent hydrolysis with hot 0-01N- 
sulphuric acid at a rate which indicated the presence of arabofuranose molecules in the 
polysaccharide. The rate of hydrolysis is the same as that of apple and peanut arabans 
under similar conditions. 

The methylation of citrus araban was effected by heating the thallium derivative with 
methyl iodide and after purification of the crude product by fractional precipitation, 
the fully methylated derivative was obtained. The structural similarity between this 
material and the methylated arabans from the peanut and from the apple was shown by its 
behaviour on hydrolysis, an equimolecular mixture of 2: 3 : 5-trimethyl /-arabofuranose, 
2 : 3-dimethyl /-arabinose, and 3-methyl /-arabinose being obtained. Identification of the 
trimethyl and the dimethyl] arabinose presented no difficulties, but, as was also the case with 
the corresponding sugar from methylated peanut and apple arabans, difficulties were 
encountered in providing a rigid proof of the constitution of the monomethyl arabinose 
owing to the fact that no crystalline reference compound could be isolated. There is, 
however, strong evidence pointing to the identification of the sugar as 3-methy]l /-arabinose. 

The structural problem is therefore the same as that discussed in connection with the 
apple and peanut arabans (Hirst and Jones, Joc. cit.). It will be noted, however, that the 
rotation ([a], — 128°) of the methylated araban from citrus pectin is greater than that 
recorded for the other methylated arabans. Since, as was previously pointed out, the 
data available do not suffice for an unique solution of the constitutional problem, it might 
be held that this difference of rotation indicates some structural difference. Nevertheless, 
we incline to the view that all three arabans are identical in their essential structural 
features, and that the rotation difference is due to the difficulty of effecting complete 
separation of araban and pectic acid (see above). Owing to the extremely high positive 
rotation of methylated pectic acid, a small proportion of this admixed with the methylated 
araban would have a marked effect on the rotation. It seems probable that the methylated 
araban now described is the purest sample so far isolated, the conditions for methylation 
being specially favourable owing to the fact that the crude araban employed contained 
about 60% of pure pentosan. 

The ease of hydrolysis and the nature of the hydrolysis products of the methylated 
araban indicate that all the arabinose residues in the. polysaccharide are furanose in structure 
and probably of the «-configuration. It would appear, therefore, that the arabans present 
in peanut, apple and citrus pectins are identical in their fundamental chemical structure. 
Since it has already been shown that citrus pectic acid (Smith, Chem. and Ind., 1939, 58, 
363), strawberry pectic acid (Beaven and Jones, ibid., p. 363), and apple pectic acid (Beaven, 
Hirst, and Jones, forthcoming publication) are also identical with respect to the main 
features of their chemical structure, it seems probable that the materials designated pectins 
consist essentially of pectic acid, usually in the form of its methyl ester, mixed with araban, 
galactan, and varying quantities of adventitious material such as hesperidin. It is of 
particular importance to note that the experiments now described show that citrus araban 
cannot be derived directly from pectic acid by decarboxylation of the galacturonic acid 
residues. 
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EXPERIMENTAL. 


Citrus Avaban.—Isolation. Commercial citrus pectin (1 kg.) (uronic anhydride, 74-9% ; 
pentosan, 6-9% ; galactan, 15-4% ; [a]p + 183°; equiv. wt. 268) was stirred with hot dilute alcohol 
(21.) (70%) for 10 hours. The filtered extract, which had a negative rotation, was concentrated 
under reduced pressure at 40° to a small volume. Some hesperidin which had separated was 
filtered off and the crude araban was precipitated by the addition of acetone (10 vols.) and dried 
in a vacuum. Three successive extractions of the pectin gave hesperidin (10 g.), m. p. 250° 
(acetyl derivative, m. p. 143°, [a], — 34°), and crude araban (26 g.), [«]?” — 34° in water. 

The araban was purified by solution in water and precipitation from the clear solution 
(filtration and centrifuge) by the addition of a large volume of acetone. The precipitate 
contained both pectic acid and sodium sulphate as impurities. It was dissolved in water, and 
barium hydroxide added until no further precipitate formed. The solution was spun in the 
centrifuge, and alcohol (1 vol.) added. A slight gelatinous precipitate was separated (centrifuge) 
and discarded. Addition of a large excess of alcohol then gave crude citrus araban (18 g.) asa 
pale brown solid, [«]?” — 118° in water [Found : furfural, 39-8 (from the yield of phloroglucide 
obtained on boiling with 12% hydrochloric acid under the standard conditions); ash, 6-4; 
uronic anhydride, 5% (from the yield of carbon dioxide on boiling with 12% hydrochloric acid)]. 
The crude araban on hydroiysis with n/100-sulphuric acid at 90° for 25 hours (final rotation 
+ 75°) gave l-arabinose, recognised as the diphenylhydrazone, m. p. 195°, in 70% yield. From 
this figure, the rotation, and the yield of furfural, it appears that the crude material contained 
approximately 70% of pure araban. 

The impurities were removed by acetylation when the crude araban (8-0 g.) on treatment 
with pyridine (80 c.c.) and acetic anhydride (40 c.c.) at 80° for 10 hours gave diacetyl araban 
(4-2 g.), [a]? — 94° in acetone (for rotation, compare Hirst and Jones, this vol., p. 453) 
(Found : CH,-CO, 40-5; furfural on distillation with 12% hydrochloric acid, 29-2. Calc. for 
C,H,,0, : CH,°CO, 39-9; furfural, 32-0%). 

Methylation of Araban.—Another sample of crude citrus araban (10 g.), having [«]) — 80° 
in water, was dissolved in water (100 c.c.), and thallium hydroxide (2-5 equivs.) added. The 
solution was evaporated to dryness in a vacuum at 50° with the exclusion of carbon dioxide. 
The residual greyish-green solid was powdered (120 mesh), and acid-free, anhydrous methyl 
iodide added. After the initial vigorous reaction had subsided, the mixture was heated at 45° 
for a further 32 hours with the exclusion of light and moisture. The excess of methyl iodide was 
boiled off, and the solid residue extracted exhaustively with methyl alcohol. The extracts on 
concentration gave a viscid brown solid (11-2 g.), of which 6-5 g. were dissolved in benzene and 
the solution evaporated to dryness with the addition of thallous ethoxide (2-5 equivs.). The 
product was powdered (120 mesh) and boiled with methyl iodide as before and the methylated 
araban was isolated in the usual manner. Two further methylations with Purdie’s reagents, 
followed by one further methylation with thallous ethoxide, gave a crude methylated araban 
(5-9 g.) (Found : OMe 36-5%). 

The solid product was dissolved in ether and the solution was spun in the centrifuge to remove 
traces of thallous iodide. Two fractions were obtained by the additions of light petroleum : 
(1) a pale brown, crisp solid (3-9 g.), [a]? — 128° in methyl alcohol (Found : OMe, 38-8. Calc. 
for dimethyl pentosan : OMe, 38-8%), and (2) a syrup (1-1 g.), which was not further examined. 

Methylated araban (3-80 g.), [«]?” — 128° in methyl alcohol, was boiled with 2% methyl- 
alcoholic hydrogen chloride for 22 hours. The solution was neutralised with silver carbonate, 
filtered, and concentrated at ordinary pressure to a syrup (4:30 g., 3" 1-4580), which was 
fractionally distilled, giving (A) 1-34 g., b. p. 85°/0-001 mm. (bath temp.), 3” 1-4354 (Found : 
OMe, 58-5%); (B) 1-15 g., b. p. 110—128°/0-001 m. (bath temp.), 2” 1-4530 (Found: OMe, 
48-0%); (C) 0-82 g., b. p. 170—200°/0-001 mm. (bath temp.), 2° 1-4730 (Found: OMe, 
35-2%); (D) 0-12 g., b. p. 200°/0-001 mm. (bath temp.) (Found: OMe, 28-0%); still residue, 
0-36 g. Estimations based on mp), OMe and [«]p values of the above fractions indicated that 
their compositions were approximately as follows : 


Trimethyl methyl- Dimethyl methyl- Monomethyl methyl- 


Fraction. arabofuranoside, g. arabinoside, g. arabinoside, g. 
i 1:17 0°17 —_ 
B. 0-13 1-02 —_ 
GC s — 0-09 0-73 
>... — — 0-08 


1-30 1-28 0-81 i 
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These yields correspond respectively to 84% of the calculated amount of trimethyl sugar, 90% 
of the calculated amount of dimethyl sugar, and 61% of the calculated amount of monomethyl 
sugar, estimated on the assumption that the methylated araban gives on hydrolysis equi- 
molecular proportions of tri-, di-, and mono-methyl arabinose. Since there is always some 
loss of trimethyl and monomethy] arabinose during distillation (Hirst and Jones, loc. cit.), these 
figures are held to be in agreement with the view that this sample of methylated araban, like 
methylated araban from peanuts and the apple (Hirst and Jones, Joc. cit.), does give these three 
methylated arabinoses in equimolecular proportions. The identity of the three products of 
hydrolysis was obtained in the following ways. 

2:3: 5-Trimethyl Arabinose.—Fraction (A) (1-32 g.) was hydrolysed by 0-5n-hydrochloric 
acid (50 c.c.) at 90—95°; [a]#" — 68° (initial value, c, 2-64) changing after 2 hours to — 27° 
(constant value). The mixed free sugars on isolation in the usual way (1-14 g.) had ni?" 1-4512, 
[a]?! — 29° (c, 2-6 in water) (OMe, 46%). The mixed sugars (1-10 g.) were fractionally distilled, 
giving a distillate (0-96 g.), b. p. (bath temp.) 116°/0-001 mm., v3?!" 1-4500, [a]? — 40° (c, 1-6in 
water) (Found: OMe, 48%. Calc. for CgH,,0O;: OMe, 48-5%). On oxidation with bromine 
water the sugar (0-92 g.) gave crystalline 2: 3: 5-trimethyl y-arabonolactone (0-84 g.), b. p. 
105°/0-001 mm. (bath temp.), 25° 1-4415, n2}° 1-4453 (superfused solid), m. p. 28° (not depressed 
on admixture with an authentic specimen), [«]?”” — 47° in water (c, 1-0) (initial value). On 
treatment with liquid ammonia the lactone gave quantitatively 2: 3 : 5-trimethyl /-arabon- 
amide, m. p. 139° alone or on admixture with an authentic specimen. 

The syrup (0-18 g.) remaining after removal of trimethyl /-arabinose was almost entirely 
dimethyl arabinose and was mixed with the syrup (1-06 g.), ui" 1-4708, [«]?° + 95° (in water, 
c, 2-1) (Found: OMe, 36-0. Calc. for C,H,,0;: OMe, 34-8%), obtained by the hydrolysis of 
fraction (B) (1-13 g.) (see above) by 0-5n-hydrochloric acid (50 c.c.) at 90—95° for 4 hours 
[initial rotation of fraction (B) before hydrolysis, [«]?” + 90°]. A portion (0-72 g.) of the 
combined syrups (1-24 g.) was oxidised with bromine water at 60° for 6 hours. The product, 
isolated in the usual way, gave on distillation 2 : 3-dimethyl y-arabonolactone (0-65 g.), b. p. 
(bath temp.) 145°/0-005 mm., n?5° 1-4595, n38° 1-4580, [«]?° — 33° in water (c, 2-4, initial value) ; 
— 31° (90 hrs., mutarotation still not completed) (Found: OMe, 34:0%; equiv., 170. Calc. 
for C;H,,0,: OMe, 35:2%; equiv., 176). With liquid ammonia the lactone gave 2: 3-di- 
methyl /-arabonamide in quantitative yield, m. p. 160° alone or on admixture with an authentic 
specimen (Hirst and Jones, Joc. cit.). 

Fractions C and D were combined (0-92 g.) and hydrolysed with 0-5n-hydrochloric acid (50 
c.c.) at 95°; [a]? + 48° (initial value), changing to + 90° in 2-5 hours (constant value). After 
neutralisation with silver carbonate, the solution was evaporated to dryness, giving a syrup 
(0-85 g.), 2” 1-4850, [«]?!" + 99° in water (c, 1-4) (Found: OMe, 19-0. Calc. for C,H,,0;: 
OMe, 18-9%). This syrup on standing deposited /-arabinose (50 mg.), m. p. and mixed m. p. 
160° (Found: C, 40-2; H, 6-7. Calc. for C;H,,0;: C, 40-0; H, 6-7%). The syrup (0-75 g.) 
was oxidised with bromine water at 60° for 12 hours. Bromine was removed by aeration, and 
the liquid filtered (X), leaving a small crystalline deposit, m. p. 71° (recrystallised from light 
petroleum). This was insoluble in water, but soluble in alcohol, acetone, ether and benzene. 
It gave no colour with ferric chloride and was neutral to litmus. When heated with alcoholic 
silver nitrate, it gave a precipitate of silver bromide. The high bromine content (Br, 88%) 
indicates that this material is a decomposition product. 

The filtrate (X) was neutralised with silver carbonate, filtered before and after precipitation 
of silver as sulphide, and evaporated to a syrup (0-60 g.); [a]?” — 35° (c, 0-82 in water; initial 
value); — 34° (26 hrs.); — 30° (90 hrs., mutarotation still incomplete) (Found: OMe, 20-0; 
M, by titration with n/100-sodium hydroxide, 168. Calc. for CgH,,O; : OMe, 19-1%; M, 162). 

With liquid ammonia the lactone gave the corresponding amide as a glassy solid in quantit- 
ative yield, [a]? + 27° in water (c, 0-77) (Found: OMe, 16-8. Calc. for CgH,,;0;N: OMe, 
17-3%). This amide, after treatment with sodium hypochlorite under Weerman’s conditions 
(loc. cit.) and subsequént addition of semicarbazide to the solution, gave hydrazodicarbonamide, 
m. p. and mixed m. p. with an authentic specimen, 256°, in a yield of 40%. 

The authors thank Imperial Chemical Industries Ltd. and the Colston Research Society for 
grants. They also thank the Department of Scientific and Industrial Research for a grant to 
one of them (G. H. B.). 
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386. 3:4-Dimethyl Galactose. 
By J. S. D. Bacon and D. J. BELL. 


Crystalline 3 : 4-dimethyl galactose has been prepared and its constitution proved. 
Seven new crystalline derivatives of galactose are described. 


RECENT investigations on galactose-containing polysaccharides have resulted in the 
isolation of several previously unknown partially methylated galactoses, e.g., the 2: 4: 6- 
trimethyl and 2 : 4-dimethyl derivatives from methylated agar (Percival and Somerville, 
J., 1937, 1615) and from methylated snail galactogen (Baldwin and Bell, J., 1938, 1461) 
and degraded arabic acid (Smith, this vol., p. 1724) respectively. In this laboratory we 
have therefore considered it advantageous to continue our synthetic experiments, with a 
view to preparing new partially methylated galactoses, which may be of service as reference 
compounds. The present paper describes the operations leading to the production of 
crystalline 3 : 4-dimethyl galactose and to the proof of its constitution. 

It was found practicable to treat 3: 4-monoacetone $-methylgalactoside with pure 
nitrogen pentoxide in chloroform solution so that the very labile tsopropylidene group 
largely remained im situ, with the formation of crystalline 3 : 4-monoacetone 8-methylgalacto- 
side 2 : 6-dinitrate. By the action of hot, very dilute acid the tsopropylidene radical was 
hydrolysed, leaving crystalline 8-methylgalactoside 2 : 6-dinitrate (the constitutions of this 
and following substances are afforded by subsequent evidence). This material was methyl- 
ated by Purdie’s reagents to give the crystalline 3: 4-dimethyl derivative, but great 
difficulty was experienced in effecting complete methylation, as inseparable mixed crystals 
of low methoxyl content were repeatedly obtained. Alkaline reduction yielded crystalline 
3: 4-dimethyl @-methylgalactoside. This substance, on hydrolysis by aqueous acid, gave 
the free sugar in crystalline form, to which the $-configuration was attributed on the ground 
that in aqueous solution the crystals displayed mutarotation in an upward sense. 

That the sugar is a derivative of galactose was shown by boiling a specimen with methyl 
alcohol containing hydrogen chloride, methylating the resulting glycoside, and removing 
the glycosidic methyl group by acid hydrolysis. This left 2 : 3 : 4 : 6-tetramethyl galactose, 
which was identified as the crystalline anilide. . 

Proof of the position of the two methyl groups rests upon the method of synthesis and 
upon subsequent reactions, which confirm the presence of a methyl group in position 4 
and the presence of free hydroxy] in position 2: (1) The synthesis involves the substitution 
of two methyl groups for the isopropylidene group known to occupy positions 3 and 4 
in the @-methylgalactoside derivative. During this substitution positions 2 and 6 are 
protected by nitrate groups, which are not known to migrate under the conditions of 
methylation used. 

(2) A specimen of the sugar when dissolved in methyl-alcoholic hydrogen chloride showed 
little change in optical rotation in the course of two days. This failure to form a furanoside 
proves that position 4 is methylated (cf. Robertson and Lamb, J., 1934, 1321). This was 
confirmed by observing the rate of mutarotation of the /actone, prepared by oxidising 
the sugar with bromine in the usual way. It was typical of a 8-galactonolactone (the 
yield of acid obtained by bromine oxidation was extremely low). 

The amide prepared from the lactone reacted with sodium hypochlorite (Weerman 
reaction) to form cyanate. This indicates that position 2 is free (Ault, Haworth, and 
Hirst, J., 1934, 1722). 

These two findings are confirmed by the fact that 2 : 4-dimethyl galactose (Baldwin and 
Bell, Joc. cit.; Smith, loc. cit.) has dissimilar properties and since there is no evidence 
that esterifying radicals ever migrate from position 6 to 4 there is no doubt that the new 
sugar has the constitution which we have assigned to it. 


EXPERIMENTAL. 
Solvents were evaporated under reduced pressure; in the instances of the nitrates, below 
50°. Polarimetric measurements were made on chloroform solutions (unless stated otherwise) 
in a 2-dm. tube. 
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3: 4-isoPropylidene -Methylgalactoside 2 : 6-Dinitrate (I).—To each of eight 2 g. lots of 
3 : 4-isopropylidene 6-methylgalactoside (Micheel, Ber., 1929, 62, 687) dissolved in 40 ml. of dry 
chloroform, 20 ml. of a solution of 70 g. of nitrogen pentoxide in 250 ml. of dry chloroform were 
added. The mixture was cooled in ice for 5 minutes then poured into ice and water, and quickly 
shaken and the chloroform layer was run into potassium bicarbonate solution, to remove any 
remaining acid, and then dried over anhydrous sodium sulphate. Evaporation of the chloroform 
left a syrup, which was dissolved in ether and treated with charcoal. On evaporation of the 
solvent the residual syrup crystallised (14 g.) in plates of the dinitrate (I), m. p. 79°, [a]? + 40-0° 
(c = 10) (Found: C, 38-0; H, 5-4; N, 8:3; OMe, 9-2. Ci9H,,0,)9N, requires C, 37-0; H, 4-9; 
N, 8-6; OMe, 9-6%). 

In the course of this preparation 8-methylgalactoside 2: 3: 4: 6-tetranitvate was isolated. A 
specimen was prepared from $-methylgalactoside for comparison (see below). 

6-Methylgalactoside 2: 3: 4: 6-Tetranitrate (II).—To 2 g. of B-methylgalactoside suspended 
in 10 ml. of dry chloroform cooled in ice, 30 ml. of a 30% solution of nitrogen pentoxide in dry 
chloroform were added; the mixture was kept in ice for 20 minutes and then poured into a large 
volume of ice and water. The chloroform layer was washed with potassium bicarbonate solution, 
dried over sodium sulphate, and evaporated to dryness. The syrup was dissolved in ether, 
treated with charcoal, and again evaporated to dryness. It crystallised in a vacuum desiccator 
in plates, m. p. 114—115°, [a]}?*" — 12-4° (c = 4), [a]? — 7-1° (c = 3-5, alcohol) (Found: C, 24-4; 
H, 3-1; N, 13-9; OMe, 8-5. C,H,.0,,N, requires C, 22-5; H, 2-7; N, 15-0; OMe, 8-3%). 

8-Methylgalactoside 2 : 6-Dinitrate (II1).—15 G. of (I) were heated on the boiling water-bath 
with 110 ml. of acetone containing 5 ml. of N-hydrochloric acid, and the hydrolysis was followed 
polarimetrically. After 4 hours the acid was neutralised with barium carbonate, and the solution 
filtered. The greater part of the acetone was removed by distillation, and the residual fluid 
(20 ml.) washed with benzene into a separating funnel. The benzene layer was extracted six 
times with water, and the combined water fractions once with benzene. The solid remaining 
on evaporation of the water was dissolved in ether, treated with charcoal plus anhydrous sodium 
sulphate, and evaporated to dryness. Yield, 10g. of needles (from chloroform), m. p. 110—111°, 
[a] + 15-2° (c = 5, alcohol) (Found: C, 29-1; H, 4:2; N, 855. C,H,,0,)N, requires C, 
29-6; H, 4-2; N, 9-9%). 

3 : 4-Dimethyl B-Methylgalactoside 2 : 6-Dinitvate (IV).—10 G. of (III) were dissolved in 50 
ml. of methyl iodide plus a little dry acetone. The solution was heated under reflux at 45° 
with 15 g. of silver oxide. The operation was repeated three times and yielded a crystalline 
product at each stage. (Four methylations were sufficient to introduce the necessary two methyl 
groups in this preparation, but in another eight were needed, and in a third a crystalline sub- 
stance, m. p. 114—115°, with a methoxyl content corresponding to a monomethyl methyl- 
glycoside dinitrate was isolated.) Plates (6-5 g.) were obtained from aqueous methy] alcohol ; 
m. p. 75—76°, [a]#" — 13-3° (c = 6-5) (Found : C, 35-6; H, 5-4; N, 9-0; OMe, 28-2. C,H,,0,.N, 
requires C, 34-6; H, 5-1; N, 9-0; OMe, 29-8%). 

3: 4-Dimethyl B-Methylgalactoside (V).—6-5 G. of (IV) were dissolved in 100 ml. of alcohol 
and boiled under reflux for 30 minutes with 35 ml. of a 30% sodium hydroxide solution saturated 
with hydrogen sulphide. The alcohol was removed by distillation and potassium carbonate 
was dissolved in the aqueous solution until chloroform just sank init. Ten extractions with 
small quantities of chloroform (totalling 500 ml.) which was thereafter dried over anhydrous 
sodium sulphate and evaporated to dryness yielded 3 g. of a syrup which crystallised on addition 
of acetone and ether. A further 0-5 g. was obtained by further chloroform extraction. The 
substance crystallised from carbon tetrachloride containing a little chloroform in small needles, 
m. p. 102—108°, [«]?”” — 9-1 (c = 6-2) (Found: C, 48-5; H, 7-8; OMe, 40-8. C,H,,O, requires 
C, 48-6; H, 8-1; OMe, 41-9). 

3 : 4-Dimethyl 8-Galactose (V1).—2-6 G. of (V) were heated on the water-bath under reflux 
with 85 ml. of nN-hydrochloric acid. The hydrolysis was followed polarimetrically and after 
4 hours the solution was cooled, neutralised with silver carbonate, filtered through charcoal, 
and saturated with hydrogen sulphide until the clear (kieselguhr-filtered) solution showed no 
further sign of silver. After evaporation of the water the residue was dissolved in acetone— 
ethyl acetate. Solid material was removed, and the sugar crystallised from the filtrate. At 
first hygroscopic, it was crystallised eventually from ethyl acetate, 2 g. of needles being obtained, 
m. p. 164—166° (Found: C, 48-5; H, 7-8; OMe, 29-8. C,H,,O, requires C, 46-15; H, 7:7; 
OMe, 29-8%). 

A solution of 0-6546 g. of the sugar in 10 ml. of water displayed the following optical 
behaviour : 





x 
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Minutes ... 0 6 30 48 170 260 20 (hours) 
+95-0° +96-9° +104:0° +107-4° +115-4° +116-:1° +116-5° 


A second specimen (0-2220 g. in 10 ml.) confirmed this : 


Minutes ... 0 2 17 30 75 185 290 16 (hours) 
+95:7° +96-4° +101-8° +105-0° +110-4° +116-2° +116-9° +117-1° 
(The two zero values were obtained by extrapolation.) 


0-3 G. of the sugar, dissolved in 10 ml. of acid (1%) methyl alcohol, showed an optical rotation 
rising from + 5-3° to + 9-5° during 2 days at room temperature, afterwards falling extremely 
slowly. More alcohal and hydrochloric acid were then added to the solution, and the whole 
boiled under reflux for 3 hours. The mixed galactosides so obtained were twice methylated 
with Purdie’s reagents, the glycosidic methyl group removed by acid hydrolysis (Found : OMe, 
51-9. Calc. for C,>H,O,: OMe, 52-5%), and the tetramethyl sugar heated under reflux for 
5 hours with 10 ml. of absolute alcohol and 1 ml. of aniline. Crystals of the anilide, m. p. 
192—193°, were obtained which did not depress the m. p. of an authentic specimen of 2 : 3: 4: 6- 
tetramethyl galactose anilide. 

3 : 4-Dimethyl Galactonolactone (VII).—1-5 G. of (VI) were dissolved in 15 ml. of water, and 
bromine added in excess of saturated solution. After 5 days at room temperature, as the 
solution still reduced Fehling’s solution, it was kept at 40° for 2 days. No reducing material 
remained. The bromine was removed by aeration, bromide ion by addition of silver carbonate, 
and silver was precipitated by saturation with hydrogen sulphide. The clear filtrate (through 
kieselguhr and charcoal) on evaporation gave a brown residue, partly of a crystalline nature. 
Attempts torecrystalliseit were unsuccessful and it was eventually dried at 100° under diminished 
pressure. The product was a brown solid which could not be cleaned by any ordinary method 
[Found: OMe, 28-9. C,H,,0, requires OMe, 30:1%. Found: equiv. wt. (by titration), 
210-6. Dimethyl galactonolactone requires equiv., 206]. 

A solution in water of the compound exhibited the slow polarimetric equilibration character- 
istic of a 8-galactonolactone : 


Minutes ... 0 7 40 90 186 240 1073 1695 5240 
+89-0° -+83-6° +741° +658-5° +37-5° 27-2° +7-8° +7-8° +7-0° 
(Zero reading obtained by extrapolation.) 


3 : 4-Dimethyl Galactonamide (VIII).—2 G. of (VII) were treated with 100 ml. of dry methyl 
alcohol saturated with dry ammonia. After 2 days a sediment separated; this was removed, 
and the filtrate evaporated to dryness. The residue when dissolved in alcohol—acetone crystal- 
lised overnight in hexagonal prisms, m. p. 172—174°. The yield was poor (0-5 g.) (Found: 
C, 43-2; H, 7-9; N, 6-2; OMe, 28-2. C,H,,0O,N requires C, 43-05; H, 7-6; N, 6-3; OMe, 
27-8%). 

About 35 mg. of the amide were dissolved in water, and the solution filtered through charcoal. 
To the filtrate (2 ml.) was added 1 ml. of a sodium hypochlorite solution (as used by Weerman, 
approx. N xX 1-5). After 30 minutes 1 ml. of N-sodium thiosulphate was added (to remove the 
excess of hypochlorite), followed by a few crystals of sodium acetate (to buffer the solution) 
and finally a few drops of a saturated solution of semicarbazide hydrochloride. A crystalline 
precipitate settled out after several hours, m. p. and mixed m. p. with hydrazodicarbonamide 
255—256°. 


One of the authors (J. S. D. B.) is indebted to the Department of Scientific and Industrial 
Research for a maintenance grant and to Trinity Hall for a Research Studentship. 
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387. The Effect of Mercuric Bromide on the Hydrolysis of Alkyl 
Bromides in Acetone. 


By Dennis R. READ and WILLIAM TAYLOR, 


Mercuric bromide, an electrophilic reagent, has been found to exert an accelerating 
effect on the reaction AlkBr + H,O —-» AIkOH + HBr (cf. Nicolet and Stevens, 
J. Amer. Chem. Soc., 1928, 50, 135). The effect is shown to increase rapidly along the 
series methyl, ethyl, isopropyl, and ¢ert.-butyl bromides. Since nucleophilic reagents 
cause substitution at rapidly decreasing rates along the same series, the ‘‘ trough ” 
obtained in the rates when water reacts with the alkyl bromides is explained on the basis 
of water being both nucleo- and electro-philic. Relevant phenomena are discussed. 


It is well known that, in the series of alkyl halides—methyl, ethyl, isopropyl, and fert.- 
butyl—attack at the a-carbon atom by a nucleophilic reagent (Ingold, J., 1933, 1121) 


such as the anion CH,:CO-CH-CO,Et (Wislicenus, Annalen, 1882, 212, 239) proceeds at a 
decreasing rate along the series (reaction of type 1; see figure). The reverse phenomenon, 
namely, that attack by an electrophilic reagent at the halogen atom proceeds at an in- 
creasing rate along this series, has not previously been shown in its entirety in solution 
(reaction of type II; see figure). Polanyi (“‘ Atomic Reactions,” 1932, pp. 56, 57) has, 
however, obtained such a sequence for the reaction AlkCl + Na——-> Alk + NaCl in the 
vapour phase at high temperatures and low pressures ; and Burke and Donnan (J., 1904, 85, 
555) found partial evidence of this kind for the reaction AlkI +- AgNO, —> Alk-NO, + AgI 
in alcoholic solution. The interpretation of the latter result is rendered difficult because 
of side reactions due to the alcohol and autocatalysis due to the silver iodide. 

The primary object of our investigation was completely to observe this reverse 
phenomenon in solution, and for this purpose we had first to discover a reagent which was 
electrophilic towards all members of the series of alkyl bromides under discussion. Since, 
in every case where a “ trough” appears, a reagent HX is responsible, and seeing that 


g- 
X undoubtedly effects the nucleophilic attack, it was at first intended to study the action 
of catalytic hydrogen on the bromides. (Attack by a proton, whilst theoretically desirable, 
was obviously impossible in solution owing to solvation and hence to complications; 
cf. J., 1937, 1962.) However, although catalytic hydrogenation of organic halogeno- 
compounds may be effected quantitatively in aqueous or alcoholic potassium hydroxide 
(Busch and Stéve, Ber., 1916, 49, 1063; Harington, Biochem. J., 1926, 20, 304), we have 
found it impossible to bring about any perceptible hydrogenation in dry dioxan, ether, 
and ethyl acetate (which are inert towards halogeno-compounds) containing platinum 
or palladium catalysts with excess of either calcium or zinc carbonate (see Table IX). 
Because of Burke and Donnan’s work (loc. cit.), and in view of Hughes, Ingold, and 
Masterman’s interpretation of the reaction as being due to the Ag® ion (J., 1937, 1239), 
we might have used this in the form of silver bromide as our electrophilic reagent, but 
this salt is too sparingly soluble, so we selected the much more soluble mercuric bromide 
instead. This reagent is clearly electrophilic, as is shown by the following : 


® 
HgBr, + HBr —> HgBr, + H (Mellor, “‘ A Comprehensive Treatise, etc.,”’ Vol. 4, p. 880) 
(contrast water, p. 1874). 


6 60 
HgBr, + M—> 2Br + M + Hg (compare water, p. 1874), 


We had hoped, as in previous work (this vol., p. 478), to use dioxan as solvent, but were 
unable to do so since mercuric bromide was not sufficiently soluble therein and also because, 
when it was used, the end-points were not sharp. We therefore employed acetone, in 
which mercuric bromide is very soluble, and although this salt normally suffers slow 
hydrolysis in aqueous acetone this was entirely suppressed under our experimental con- 
ditions. End-points were therefore relatively sharp in spite of the brown colour which 
gradually developed in the reaction liquid. Hence, the investigation resolved itself into a 
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kinetics examination of the effect of dissolved mercuric bromide on the rates of hydrolysis 
of methyl, ethyl, isopropyl, and ¢ert.-butyl bromides in acetone containing 5 g. and 10 g. 
of water per 100 ml. of solution at 50°. When required, a sealed tube containing 5 ml. 
of the reaction liquid was broken in 100 ml. of ethyl alcohol, and the solution was titrated 
with standard alkali, bromophenol-blue being used as indicator (Roberts and Hammett, 
J. Amer. Chem. Soc., 1937, 59, 1063). The results are summarised in Table I. 

Because of the effect of mercuric bromide we took the opportunity to measure any 
possible effects of other dissolved bromides on the rate of hydrolysis of tert.-butyl bromide 


(see Table IT). 
TABLE I. 


Second-order velocity coefficients (1. g.-mol.~1 hr.-1) for the hydrolysis of alkyl bromides 
in acetone in presence of mercuric bromide at 50°. The figures in parentheses are the ratios 
of the coefficients with and without mercuric bromide, other conditions being identical. 


[AlkBr] ~ 0-2 and [HBr] ~ 0-05 throughout. 
tert.-Butyl bromide. isoPropyl bromide. 
[H,0}. [HO]. 


2-7778. 5-5556, 2-7778. 5-5556. 
0-0531* (1-00) 0-144* (1-00) 0-0000168* (1-00) 0-0000391* (1-00) 
0-546 (10-3) 0-708 (4-92) 0-000110 (6-55) 0-0000788 (2-02) 

0-00242 (144) 0-00150 (38-4) 
0-0123 (732) 0-0123 (315) 
immeasurably high initial rates 0-0195 (1160) 0-0150 (384) 
0-0289 (1720) 0-0220 (563) 
0-0384 (2290) 0-0289 (739) 








Ethyl bromide. Methyl bromide. 
[H,0}. [H,0}. 


2-7778. 5-5556. 2-7778. 5-5556. 
0-0000239* (1-00) 0-0000472* (1-00) 0-0000715* (1-00) 0-000126* (1-00) 
0-0001980 (4:10)  0-0000536 (1-14) 0000289 (4-00)  0-000127 (1-01) 
0-000483 (20-2) 0-000276 (5-85) 0-000604 (8-45) 0-000525 (4-17) 
0-00106 (44-4) 0-00110 (23-3) 0-00120 (16-8) 000117 (9-30) 
0-00155 (64-9) 0-00141 (29-9) 0-00162 (22-7) 0-00194 (15-4) 
0-00218 (91-2) 0-00189 (40-0 0-00227 (31-7) 0-00224 (17-7) 
0-00279 (117) 0-00227 (48-4 0-00293 (41-0) 0-00260 (20-6) 


* These values correct those in J., 1938, 841. 








TABLE II. 


Second-order velocity coefficients (l. g.-mol.- hr.-') for the hydrolysis of ¢ert.-butyl 
bromide in presence of added dissolved bromides in acetone at 50°. 


In (a), (b), and (c): [BuYBr] ~ 0-2, [H,O] = 2-7778. 
(a) The effect of added HgBr, and HBr. (6) The effect of added AgBr and HEr. 
(HgBr,]. [HBr]. & [HgBr,]. [HBr]. , [AgBr]. [HBr]. & [AgBr]. [HBr]. &. 
00100 0-05 0-0882 0-0250 0-05 0-15 00100 0-05 0-0630 0-0150 0-20 0-0798 
00100 0-10 0-0930 0-0500 0-00 S 0-0100 0-10 0-0666 0-0000 0-05 0-0531 
00100 0-15 0-101 0-0500 0-05 ; 0-0150 0-10 0-0660 0-0000 0-15 0-0660 
, , rapidly 0-0500 0-10 , 
09-0250 0:00 ‘filing, 0-0500 0-15 
0-531->-0-165 
(c) The effect of added NaBr. (d) The effect of excess BuYBr (no HBr). 
. [HBr]. &. [BuYBr]. [H,O]. & [Bu”Br]. [H,O]. &. 
0-00 0-0511 0-180 2-7778 0-0510 0-180 65-5556 0-132 


1/170 2-7778 0-0547. 0-770 65-5556 0-162 
1-163 565-5556 0-199 


The results, where mercuric bromide was used, may be stated as follows : 
(A) The reaction is solely one of substitution of the hydroxyl of water for bromine 
in the alkyl bromide, since good yields of ¢ert.-butyl and tsopropyl alcohols were obtained, 


6G 
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and no evidence of olefin formation could be found. It is thus uncomplicated by side 
reactions and, on this account, the kinetic results are more easily interpreted than those 
from reactions employing alcoholic or aqueous-alcoholic solutions of silver nitrate (Burke 
and Donnan, Joc. cit.; Hughes, Ingold, and Masterman, Joc. cit.) or mercuric nitrate 
(Roberts and Hammett, Joc. cit.). 

(B) Mercuric bromide has a marked accelerating effect on the reaction, the effect 
increasing rapidly along the series Me, Et, Pr*, Bu” (see the figures in parentheses in Table I). 
However, it may be noted that ethyl bromide is still less reactive than methyl bromide. 

(C) Water has a similar but smaller accelerating effect (see Table I). 

(D) Mercuric bromide and water both retard the reverse process, 7.e., the esterification 
of an alcohol with hydrogen bromide (see Table VIII). 

(E) The hydrogen bromide liberated during the forward reaction tends to deactivate 
the mercuric bromide, so that, where low concentrations of this are used, satisfactory 
rate constants cannot be obtained (see Table III; cf. also Nicolet and Stevens, Joc. cit.). 
By the introduction of an initial concentration of 0-05m-hydrogen bromide good constants 
are obtained, for any one kinetic run, when calculated for a second-order reaction between 
water and the alkyl bromide (see Table IV). Obviously, owing to the high water con- 
centrations employed, such a result cannot be used 
in support of the bimolecular or S,, mechanism. 

(F) At the higher concentrations of mercuric 

oe eee bromide, viz., 0-2—0-5m, when the deactivating 

> tices anda effect of the added hydrogen bromide of 0-05m 

and electrophilic substitutron concentration is presumably small, the rates of 

hydrolysis are approximately a linear function of 
the concentration of mercuric bromide. 

(G) The second-order velocity coefficients, with 
0-2—0-5m-mercuric bromide present, are very 
approximately the same at both concentrations of 
water for any one alkyl bromide. 

(H) Mercuric bromide causes negligible liber- 
ation of hydrogen bromide from ¢ert.-butyl bromide 
in dioxan at 20° during 20 hours (see Table IX), 
although when water is also present the acid is 
rapidly formed. 

For the other dissolved bromides the results 





I. Nucleophilic substitution. 
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are 





(I) Silver bromide, which is only slightly soluble 

in acetone and then only when hydrogen bromide 
is present, exerts a smaller accelerating effect than mercuric bromide on the hydrolysis of 
tert.-butyl bromide (see Table IT). 

(J) Hydrogen bromide apparently has a greater accelerating effect than water, but a 
smaller effect than silver bromide (see Table IT). 

(K) Sodium bromide has no effect (see Table II). 

(L) tert.-Butyl bromide has a small accelerating effect on its own hydrolysis. This 
effect, unlike that due to mercuric bromide, is greater at the higher water concentration, 
as was the case for triphenylmethyl chloride (Read and Taylor, this vol., p. 478) (see 
Table IT). : 

The “ trough ” (see figure) obtained for the reaction rates of water (Taylor, J., 1938, 
840) or aqueous ethyl alcohol (Taylor, J., 1937, 992) on this series of alkyl bromides (re- 
action of type III, see figure), where the reagent, viz., water or alcohol, is both nucleophilic 
and electrophilic, e.g., 


® =) 8 ® 
H,O + HBr—» H,O+ Br; H,O+M—>OH+M+H 
(nucleophilic) (electrophilic) 


may now be interpreted on the basis of result (B). The reagent must function mainly 
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as a nucleophilic reagent towards methyl bromide, but increasingly as an electrophilic 
reagent down the series until, with ¢ert.-butyl bromide, this is the main effect. This 
interpretation, which follows the mechanism S,, previously put forward by Taylor (J., 
1937, 1962), is in agreement with the postulated bimolecular mechanisms of reactions of 
Type I (e.g., Haywood, J., 1922, 121, 1904), of Type II (e.g.; Polanyi, op. c#t., p. 33), and 
of Type III, when low concentration of water and alkyl halides are employed (Taylor, 
J., 1937, 1853 ; Read and Taylor, doc. cit.). In our view this interpretation is to be preferred 
to that advanced by Gleave, Hughes, and Ingold (J., 1935, 238), since the latter rests 
ultimately on the as yet unproved ionisation of an alkyl halide in a completely anhydrous 
solvent (see, ¢.g., Hughes, Ingold, and Scott, J., 1937, 1271). The same explanation will 
hold good for reactions of the type AlkkY + HX == AlkX + HY, in which a similar 
“ trough” occurs, ¢.g., where Alk = Me, Et, Pr®, Bu”; Y = OPh, OAc, OH; X = Br 
(Taylor, Rec. Trav. chim., 1937, 56, 898). 

From the foregoing, it follows that a molecular reagent such as water, alcohol, or 
hydrogen halide may behave mainly as a nucleophilic reagent towards certain members 
of a class of compounds, but mainly as an electrophilic reagent to other but structurally 
different members of the same class. This must be true, not only for the substitution of 
carbon, but also for that of nitrogen compounds, since Menschutkin (Z. physikal. Chem., 
1895, 17, 2281) found that ethyl bromide reacted with ammonia, ethylamine, and diethyl- 
amine at rates which varied in the order NH,<NH,Et>NHEt,, whilst the strengths 
of the bases (#.e., their powers as nucleophilic reagents) are given by NH;<NH,Et< NHEt,. 
From this evidence we infer that the reactivity of these ‘‘ bases ’’ (which contain hydrogen) 
must be partly electrophilic (contrast Ingold, Joc. cit.; Roberts and Hammett, loc. ctt.), 
and also the alkyl bromide must be capable of both electrophilic and nucleophilic activity. 

In brief, such molecular reagents cannot be classified as being either nucleophilic or 
electrophilic without reference to the class and structure of the other reacting species. 
This observation removes the difficulty which Polanyi (op. cit., p. 63) had in explaining the 
Walden inversion of optically active (¢.e., secondary) alcohols during esterification with 
hydrogen chloride. The mechanism here (see figure), on his nomenclature, is obviously 
mainly “‘ negative,’ being a nucleophilic attack of «-carbon by hydrogen chloride, and is 
not “‘ positive” as he supposed. Hence, the inversion would be expected. The inversion 
when a-phenylethyl chloride (a secondary chloride) is converted into the corresponding 
acetate by acetic acid (Steigman and Hammett, J]. Amer. Chem. Soc., 1937, 59, 2536) 
may be interpreted similarly, and possibly also the results found by Hiickel (Oesterr. 
Chem.-Zig., 1939, 42, 105, 121) for the action of nitrous acid with various decalylamines 
and menthylamines. Retention of configuration during substitution can only be expected 
when Polanyi’s positive mechanism is either mainly or exclusively in operation. For 
the substitution of bromine by hydroxyl, this is best illustrated by the hydrolysis of the 
«-bromopropionate ion (Cowdrey, Hughes, and Ingold, J., 1937, 1208), where the presence 
of a full ionic charge near the «a-carbon renders it invulnerable to attack by water acting as a 
nucleophilic reagent, but the bromine, being strongly negative, is readily attacked by 
water acting as an electrophilic reagent. Hence, here the mechanism of substitution is 
“ positive’ and there is thus retention of configuration. Tertiary halides should also 
suffer substitution by water with retention of configuration for a similar reason, 


EXPERIMENTAL. 


The alkyl bromides were materials of constant b. p. “‘ AnalaR ”’ Acetone was purified accord- 
ing to Conant and Kirner (J. Amer. Chem. Soc., 1924, 46, 246). Mercuric bromide had m. p. 
236° and gave a clear neutral solution in acetone. For the kinetic experiments on the reverse 
reaction, dioxan was purified by refluxing and distilling it over sodium and had b. p. 101-3— 
101-4°, and isopropyl alcohol dried over quick-lime and sodium had b. p. 82°. The kinetic 
experiments were performed at 50° as described previously (J., 1937, 1855) except that mercuric 
or other bromide was present in the solutions and that the indicator was bromophenol-blue 
(cf. Roberts and Hammett, Joc. cit.). The second-order velocity coefficients of the forward 
reaction were calculated from the equation k = [2-303/t(a — b)] logy, b(a — x)/a(b — x), ¢ being 
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the time in hours, and a and b the concentrations (in g.-mols./].) of water and alkyl bromide 
respectively. 

The Hydrolysis of the Alkyl Bromides.—In Table III are given details of representative 
experiments on the forward reaction: (1) showing the fall in the values of the second-order 
velocity coefficients when no hydrogen bromide is present initially and when low concentrations 
of mercuric bromide are employed; and (2) and (3) showing the initial values to be constant 
when higher concentrations of mercuric bromide are employed. 

The Estevification of isoPropyl Alcohol with Hydrogen Bromide.—isoPropyl alcohol was 
first found to react too slowly with hydrogen bromide in acetone containing 2-7778m-water and, 
because acetone itself removes hydrogen bromide when the concentration of water is reduced 
to 1-1111m (J., 1937, 1856), at which concentration the reaction would be more rapid, dioxan 
containing this concentration of water was employed since hydrogen bromide is not removed 
by this solvent. 

The velocity coefficients (Table VIII) were calculated from k = [2-303/#] log,, a/(a — *), 
where a is the concentration of both isopropyl alcohol and hydrogen bromide, and ¢ the time 
in hours. The results show that mercuric bromide inhibits the reverse reaction. 


TABLE ITI. 


(1) [BuYBr] = 0-1734, (2) [MeBr] = 0-2000, (3) Pee = 0-2000, 
[HgBr,] = 0-0250, [HgBr,] = 0-1000, ‘ake? 
[H,O] = 2-7778. [H,O] = 5-5556. saa 

t. [HBr]. ra k x 10°. t. *. k x 10. 
0 0-0292* —_ — 16-41 0-0179 103 > 41 
0-0375 0-0369 0-0077 531 23-91 0-0225 97-9 23-91 
0-075 0-0405 0-0113 392 40-13 0-0405 102 40-13 
0-125 0-0441 0-0149 315 62-70 0-0517 86-2 62-70 
0-225 90-0507 0-0215 259 93-70 0-0638 74-3 93-70 
0-475 0-0639 0-0347 230 
0-808 0-0782 0-0490 187 
1-642 0-1046 0-0754 165 

i) 0-1734 _— _— 


* This concentration of acid was produced instantly during mixing at room temperature. 


TABLE IV. 


Showing the constant values of the second-order velocity coefficients in the forward 
reactions of methyl, ethyl, and tsopropyl bromides when hydrogen bromide was added 
initially : 

[HgBr,] = 0-1000 and [H,O] = 2-7778 throughout. 
{MeBr] = 0-2000, [EtBr] = 0-1932, [PréBr] = 0-1994, 
[HBr] = 0-0561. [HBr] = 0-0606. [HBr] = 0-0599. 
t. [HBr * &x104, [HBr]. *. x10, [HBr]. *. &x10 

28-12 0-0653 0-0092 601 . 0-0760 00154 483 5-85 0-0680 0-0081 255 
49-5 0-0711 0-0150 566 ° 0-0883 0-0277 485 1 00883 0-0284 
98-8 0-0864 0-0303 601 . 0-0985 0-0379 483 } 0-1129 0-0530 
107-2 0-0889 0-0328 605 . 0-1164 0-0558 481 ! 0-1212 0-0613 
141-6 0-0980 0-0419 615 ‘lL 00-1257 0-0651 484 . 0-1316 0-0717 
172-0 0-1056 0-0495 601 : 0-1442 0-0843 


189-8 0-1126 0-0565 636 94-7 0-1490 0-0891 
0-1569 0-0970 


TABLE V, 


Showing that mercuric bromide is slowly hydrolysed by water in acetone when no 
hydrogen bromide is present initially, but that this hydrolysis is entirely suppressed when 


[initial HBr] ~ 0-05. 
[AgBr,] = = 0-2000, (3,0) = 5-5556, 

[HgBr,] = 0-2000, [H,O] = 5-5556. HBr] = 0-0528. 

t t. [HBr]. t. fan t. [HBr]. 

0 166-6 0-0175 45-0 0-0528 168-5 0-0528 

0- . 238-6 0-0202 93-0 0-0529 213-4 0-0531 

0 314 0-0191 
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TABLE VI. 


Details of representative experiments on the forward reaction of tert.-butyl bromide 
showing the slightly different equilibrium positions (1) without and (2) with mercuric 
bromide. In these experiments 5 ml. of the reaction liquid were examined by placing it in 
200 ml. of ethyl alcohol in order to diminish the deep colour of the former, and also more 
indicator was used. 


(1) [BuYBr] = 0-1814, [HBr] = 0-0500, (2) [BuYBr] = 0-1782, [HBr] = 0-0585, 
[H,O] = 2-7778. [H,O] = 2-7778, [HgBr,] = 0-0500. 


[HBr]. % k. t. [HBr]. %. Rk 
0-0658 0-0158 0-0517 0-175 0-0991 0-0406 0-535 
0-0781 0-0281 0-0537 0-340 0-1300 0-0715 0-547 
0-0903 0-0403 0-0558 0-508 0-1533 0-0948 0-548 
0-1072 0-0572 0-0558 0-675 0-1720 0-1135 0-553 
0-1213 0-0713 0-0552 119 0-2021 0-1436 — 
0-1395 0-0895 0-0508 143 0-2116 0-1531 

0-1522 0-1022 (0-0459) 198 0-2224 0-1639 

0-2110 0-1610 — 359 0-2223 0-1638 


Sm Oto mm OS 
AOwWRAae GH ™ 
SSss3ses8 
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TABLE VII. 


Showing the effect of dissolved (1) HBr, (2) NaBr, (3) AgBr, (4) excess Bu’Br, on the 
forward reaction of tert.-butyl bromide. 


(1) [BuYBr] = 0-1787, (2) [BuYBr] = 0-1767, (3) [BuYBr] = 0-1764, (4) [BuYBr] = 1-163, 
[HBr] = 0-1473, [HBr] = 0-0000, [HBr] = 0-0482, [HBr] = 0-0000, 
[H,O] = 2-7778. [NaBr] = 0-8250, [AgBr] = 0-01, [H,O] = 5-5556. 

[H,O] = 2-7778. [H,O] = 2-7778. 
x  —-104R. x. 108k. 

0-0074 510 0-0085 702 

0-0171 510 00197 588 

0-0263 613 0-0308 612 

0-0380 536 0-0422 640 

00511 539 0-0514 636 

0-0611 551 0-0615 633 

0-0695 552 00710 633 

0-0805 558 0-0788 624 


x. 107%. 
0-1280 196 
0-2491 205 
0-3560 205 
0-4584 209 
0-5475 197 
0-6220 181 
0-9784 — 


[HBr]. #. 

0-1613 0-0140 
0-1748 0-0275 
0-1875 0-0402 
0-1987 0-0514 
0-2065 0-0592 
0-2141 0-0668 
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TABLE VIII. 


[Pr80H] = 0-1000, [HBr] = 0-1004, [Pr80H] = 0-1000, [HBr] = 0-101], 
{H,O] = 1-1111, [HgBr,] = 0-0000. [H,O] = 1-1111, [HgBr,] = 0-1000. 

t. [HBr]. Me k x 105. t. [HBr]. #. k x 10. 
196 0-0660 0-0338 210 432 0-0860 0-0151 379 
265 0-0573 0-0431 213 600 0-0818 0-0193 357 
336 0-0487 0-0517 217 714 0-0778 0-0233 372 
432 0-0398 0-0606 216 907 0-0731 0-0280 362 
504 0-0344 0-0660 214 


Mean 214 : Mean 368 


Examination of the Reaction Products.—From tert.-butyl bromide. tert.-Butyl bromide 
(27-4 g.), water (20 g.), and mercuric bromide (3-6 g.) in acetone (200 ml.) were kept at 50° 
for 1} hours; excess of powdered chalk was added, and the liquid filtered. To test for iso- 
butylene the liquid was then refluxed, and any vapours from liquids of b. p. <20° were passed 
through a vessel containing ice—salt at ca. — 20° and finally through standard aqueous bromine. 
A trace of liquid collected in the vessel, but there was negligible absorption of bromine both 
during the refluxing and afterwards, on passing the vapour of this liquid, which had the odour 
of acetone, through the standard bromine. _The reaction liquid was then distilled without 
having been previously dried. The distillate was extracted with ether, washed with water, 
and dried over potassium carbonate. Distillation of the ethereal liquid gave fractions: (i) 
b. p. 75—80°, 4:2 g.; (ii) b. p. 80—85°, 8-5 g.; (iii) 85—97-5°, 2-6 g. Fraction (ii) was dried 
over sodium and redistilled, giving a solid (6-4 g.) of m. p., and mixed m. p. with ¢ert.-butyl 
alcohol, 23-5°. (The theoretical yield of teri.-butyl alcohol would have been 14-8 g.) 

From isopropyl bromide. isoPropyl bromide (24-2 g.), water (20 g.), and mercuric bromide 
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(22 g.) in acetone (200 ml.) were kept at 50° for 90 hours and then treated exactly as above, 
but no propylene was obtained. From the ethereal extract were obtained the fractions : 
(i) b. p. 74-—78°, 5-2 g.; (ii) b. p. 78—85°, 7-7 g.; (iii) b. p. 85—99°, 3-1 g. 0-79 G. of fraction 
(ii) gave a 3: 5-dinitrobenzoate (2-15 g.), m. p. 120—121°, so it was mainly isopropyl alcohol, 
the theoretical yield of which would have been 12-0 g. 

Attempted Catalytic Hydrogenation of Alkyl Halides in Dry Inert Solvents containing no 
Dissolved Base.—The attempts are summarised in Table IX. The usual type of hydrogenation 
apparatus was employed (‘‘ Organic Syntheses,”” 1928, 8, 10), the pressure throughout being 
approximately 2atm. Solvents such as water, alcohol, and acetic acid which would themselves 
react with alkyl halides were excluded, as also were soluble bases. 


TABLE IX. 

































Time, 
Expt. Catalyst. Alkyl halide. Solvent. Temp. hrs. Result. 
Adams's Pt (0-015 g.) dried [Maleic acid (0°32 g.) Aqueous 95% EtOH 20° 1  —_— absorption of 
over H,SO, for control of cata- (50 ml.) H; product was suc- 
lyst cinic acid, m. p. 183° 
2 As in (1) with dry = Pr*Br (0°55 g.) Dioxan (50 ml.), Na- 20 1} No reduction 
(from A.R. materials) in dried 
(ool ¢ excess on weight of 
halide 
3 =Asin (2) BurCl (3 g.) ne {50 ml.), Na- 30 7 No reduction 
4* Asin (2) with trace of Fe BurCl (3 g.) Et,O (20 ml.), Na- 30 6 No reduction 
5 Pd-CaCO, (0-375 &) Pines Buw’Cl (0°5 g.) As in (2) 20 + No reduction 
and Stove, loc. 
from Cl’ and died — 
anion ) 
6 (oar PhCH,-CH,Br As in (2) 20 3 No reduction 
7 Pa (0 g.)-CaCo, (2°5 g.) ot 4 55 g.) As in (2) 20 19 No reduction 
8 Asin ( a tn As in J 50 3 No reduction 
9 Asin et Asi in 7) ee | ml.), Na- 20 21 No reduction 
10 Asin (7) BurCl (3 g.) As in (2 50 20 No reduction 
11 Asin (7) (double quantities) As in (10) — (o ml.), Na- 20 21 No reduction 
12t pops (2°5 g.) As in fo) CH,°CO,Et (20 ml.) 20 23 No reduction 
13 = Asin (1 As in (10) Dioxan (20 ml.) 20 22 No reduction 
: 14t Pa-Ca00, (2°5 g.) with trace As in (10) As in (13) 20 6 No reduction 
15§ mn ‘2 5 g.) As in (10) As in (13) 20 22 No reduction 
16 As in (15) As in (10) As in (12) 20 19 No reduction 
17__— Asin (7) BurCl (5 ml.) No solvent, but = 20 22 No reduction 











light 
As in (7) Pr*Br (5 g.) — Lg ml.), irra- 
iat 
19 ~=©Asin (7) MeBr (5 g.) Dioxan (20 ml.), irra- 20 4 No reduction 
20 Br, (1°8 g. Bu’Br (5 g. Dioxan (50 ml.), irra- 20 20 Yellow colour; very little 
ay rh eee diat HBr developed 





As in (20) As in (20) As in (20) 





Dioxan al ml.), no 
irradiation 





* Adams's PtO, (0-0213 g.) and CaCl,,6H,O (11-67 g.) were dissolved in water (500 ml.) containing n/10-FeCl, (1 ml.). To this was 
= 2 — of Na,CO, (5°65 g.) in water (500 ml.) with vigorous shaking. The fine ppt. was washed with water and dried with 
alcohol-e 

+ A solution of Na,CO, (6°36 g.) in water (500 ml.) was added to a solution of ZnSO,,7H,O (17°22 g.) and 1% PdCl, (2°4 ml.) in 
neg ee The Bpt was wa and as before. 

3 A ion of NaeO, yy se) a water (500 ml.) was added to a patent of CaCl,,6H,O (13-14 g.), 1% PdCl, (2°4 ml.), and 
n/10-FeCl, ‘a mi. in water ( The fine ppt. was washed and dried as 
§ Zinc dust (8 g.) was stirred with 1-5% % copper sulphate solution (165 ml.), oo ‘the couple treated as before. 
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388. 2:3:4-Trimethyl Mannose. 
By W. N. Hawortu, E. L. Hirst, F. IsHERwoop, and J. K. N. JONEs. 


| 2:3:4-Trimethyl d-mannose has been synthesised from 6-trityl a-methyl-d- 
mannoside by a method which leaves no doubt as to the constitution of the product. 
The sugar has been converted into 2: 3: 4-trimethyl d-mannonolactone, 2: 3 : 4-tri- 
methyl d-mannonamide, and 2: 3: 4-trimethyl d-mannosaccharodiamide. The proper- 
ties of these compounds are recorded. 











em 


A TRIMETHYL hexose, the properties of which pointed to its being 2:3: 4-trimethyl 
d-mannose, was obtained by hydrolysis of methylated mannocarolose (Haworth, Raistrick, 
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and Stacey, Biochem. J., 1935, 29, 612) and also by hydrolysis of methylated yeast mannan 
(Haworth, Hirst, and Isherwood, J., 1937, 784). We have now synthesised 2:3: 4- 
trimethyl d-mannose by a method which leaves no doubt concerning the positions of the 
substituent methyl groups and the substance so obtained differs markedly in its properties 
from the specimens hitherto supposed to be 2:3: 4-trimethyl mannose. It follows that, 
in so far as the trimethyl mannose residues are concerned, there is now some uncertainty 
concerning the molecular structure of both methylated mannocarolose and methylated 
yeast mannan and further investigations are in progress on both polysaccharides. 

The synthesis was effected by the following stages: (a) «-Methylmannopyranoside was 
transformed into the 6-trityl derivative, the identity of which was proved by Watters, 
Hockett, and Hudson (J. Amer. Chem. Soc., 1939, 61, 1529), their paper appearing while 
our work was in progress. (b) The 6-trityl derivative was methylated by the thallium 
method (Hirst and Jones, J., 1938, 1174), giving 6-trityl 2:3: 4-trimethyl «-methyl- 
mannoside. (c) Removal of the trityl group by the method of Kuhn, Rudy, and Weygand 
(Ber., 1936, 69, 1546) gave 2 : 3 : 4-trimethyl «-methylmannoside, which on hydrolysis gave 
2:3: 4-trimethyl d-mannose. Further proof of the constitution of this trimethyl mannose 
was obtained by its oxidation to 2:3:4-trimethyl mannonolactone, isolated as its 
crystalline monohydrate. In this connection it is of interest that the crystalline substance, 
as ‘shown by its rotation and by its ready conversion into 2 : 3 : 4-trimethyl mannonamide, 
was genuinely the lactone containing water of crystallisation and not the corresponding 
acid, which would, of course, have the same analytical composition. 

Oxidation of the 2:3: 4-trimethyl mannose with nitric acid gave 2: 3: 4-trimethyl 
mannosaccharic acid, isolated in the form of its crystalline diamide, which gave a strong 
positive Weerman reaction. It follows that there must be a hydroxyl group at C, or C, 
and since «-methylmannopyranoside is known to have C, engaged in ring formation and 
the hydroxyl at C, is incapable of undergoing methylation, it follows that the hydroxyl 
group revealed by the Weerman reaction is situated at C,; and the amide must therefore 
have its three methoxyl groups at C,, C,, and C,. This proves the constitution of the 
2:3:4-trimethyl mannose. 2 : 3 : 4-Trimethyl mannosaccharodiamide displays a negative 
rotation in water in agreement with the Hudson rotation rule for amides, but 2:3: 4- 
trimethyl d-mannonamide has a positive rotation in water and does not follow the rule 
(compare Harris, Hirst, and Wood, J., 1935, 1658). Further examination of the diamide 
(m. p. 191°) previously designated 2 : 3 : 4-trimethyl mannosaccharodiamide has revealed 
that this substance has a very strong levorotation in water ([«]) — 73° as compared with 
— 14° for the genuine material) and does not give a positive Weerman reaction. It cannot 
therefore have been derived from a 2 : 3 : 4-trimethyl hexose. 


EXPERIMENTAL. 


(1) 6-Trityl a-Methyl-d-mannoside (compare Watters, Hockett, and Hudson, loc. cit.).— 
a-Methyl-d-mannoside (11-4 g.) was dissolved in dry pyridine (100 c.c.) containing trityl chloride 
(20 g.) and kept at 25° during 20 hours. The yellow solution was poured on ice and stirred until 
the oil had solidified. The solid (16-2 g.) was washed by decantation, ground to a powder, and 
dried over phosphoric oxide. It was very difficult to remove the last traces of pyridine from the 
solid. Trityl a-methyl-d-mannoside, m. p. 100°, [a]? + 20° (c, 1-1 in chloroform), is very 
soluble in alcohol, ether, acetone, nitrobenzene and benzene, and insoluble in light petroleum 
and water. In agreement with Watters, Hockett, and Hudson (loc. cit.) it gave a calcium chloride 
derivative, m. p. 110° after recrystallisation from alcohol. 

(2) 6-Trityl 2: 3: 4-Tvimethyl a-Methyl-d-mannoside.—The crude solid (above) was dissolved 
in benzene containing thallous ethoxide (5 equivs.), the solvent removed at 40°/12 mm., and the 
residual solid dried in a desiccator, powdered, and boiled with methyl iodide until the solid no 
longer had an alkaline reaction. Methyl iodide was then boiled off, and the residue extracted 
with acetone. Concentration of the acetone gave a syrup, which was methylated with Purdie’s 
reagents. The 6-trityl trimethyi «-methyl-d-mannoside (16-8 g.) was isolated in the usual 
manner as a syrup which crystallised immediately. The solid was not recrystallised owing to 
difficulties arising from its great solubility in all the common organic solvents except light 
petroleum. M. p. 106—110° (crude material) ; [a]?° + 33° (c, 1-04 in chloroform) ; OMe, 19-3%. 

(3) 2:3: 4-Trimethyl a-Methyl-d-mannoside.—The trityl trimethyl a-methyl-d-mannoside 
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(12-0 g.) was hydrolysed by boiling a solution in glacial acetic acid (100 c.c.) under reflux with 
gradual addition of water (40 c.c.) (method of ‘Kuhn, Rudy, and Weygand, Ber., 1936, 69, 1546). 
The cooled solution was filtered from triphenylcarbinol and evaporated to a syrup, which was 
extracted with ether; the extract was concentrated to a syrup (7-40 g.), which was distilled in a 
vacuum, giving 2: 3 : 4-ivimethyl a-methyl-d-mannoside (6-62 g.), b. p. (bath temp.) 150°/0-005 
mm., "2" 1-4605, [«]?” + 38° (c, 3-9 in N-hydrochloric acid) (Found: OMe, 51-6. CypH 90, 
requires OMe, 52°6%). The colourless syrup (6-5 g.) was dissolved in 2n-hydrochloric acid 
(30 c.c.) and heated at 90° for 3 hours, the rotation then becoming constant at + 1°. The 
solution was neutralised with silver carbonate, filtered, and evaporated to a syrup. This was 
extracted with acetone, and the solution filtered from colloidal silver and concentrated, giving 
2:3: 4-trimethyl d-mannose (6-10 g.). m8 1-4715, n” 1-4705, [a]?” + 2° (c, 5-9 in water). 
The sugar did not crystallise and gave no crystalline anilide or phenylhydrazone. 

(4) 2:3: 4-Trimethyl d-Mannonolactone and the Corresponding Amide.—Under the usual 
conditions, with bromine in dilute aqueous solution, the sugar underwent very slow oxidation 
to the corresponding lactone. On the other hand the ,reaction proceeded quickly and 
conveniently in concentrated solution. Accordingly the sugar (6-0 g.) was dissolved in water 
(10 c.c.), and bromine (10 c.c.) added; the mixture became hot and the bromine boiled. After 
5 minutes, all the bromine had dissolved, giving a dark brown solution. After a further 14 
hours at 40°, the excess of bromine was removed by aeration, and the solution worked up in the 
usual manner, giving the syrupy lactone (5-9 g.), »#” 1-4730, which was then esterified by boiling 
with 3% methyl-alcoholic hydrogen chloride (50 c.c.). When the ester was heated at 160°/0-005 
mm., methyl alcohol was eliminated and the distillate consisted of 2 : 3 : 4-trimethyl d-mannono- 
lactone (5-52 g.), b. p. 160° (bath temp.) /0-005 mm., 3° 1-4750. Trituration with moist ether 
gave crystalline 2:3: 4-trimethyl d-mannonolactone monohydrate, m. p. 73°. [a]? + 138° 
(c, 2-25 in water after 5 mins.); 136° (2 hrs.); 134° (3} hrs.); 132° (4} hrs.); 131° (54 hrs.) ; 
125° (9} hrs.); 109° (22? hrs.); 106° (25 hrs.); 102° (29} hrs.); 90° (46 hrs.); 87° (53 hrs.) ; 
84° (71 hrs.); 83° (77 hrs.); 81° (95 hrs., constant) (Found: C, 45-3; H, 7:3; OMe, 40-0; 
equiv., 238. C,H,,0,,H,O requires C, 45-4; H, 7-7; OMe, 39-1%; equiv., 238). 

The lactone on solution in liquid ammonia gave crystalline 2 : 3 : 4-tvimethyl d-mannonamide, 
m. p. 143° (depressed to 105° on admixture with 3: 4: 6-trimethyl d-mannonamide). The 
amide gave a negative Weerman test and had [a]?” + 5° (c, 0-8 in water) (Found: C, 45-6; 
H, 8-0; N, 5-9. C,H,,O,N requires C, 45-6; H, 8-1; N, 5-9%). 

(5) 2:3: 4-Trimethyl d-Mannosaccharamide.—2 : 3 : 4-Trimethyl d-mannose (0-40 g.) was 
oxidised under the usual conditions with nitric acid (10 c.c., d 1-42), and the product worked up 
in the usual manner to give a syrup (0-35 g.), which was esterified with 2% methyl-alcoholic 
hydrogen chloride (20 c.c.). The resulting ester (0-34 g.), n¥J" 1-4480, was distilled in a vacuum, 
b. p. 140°(bath temp.) /0-001 mm. (0-30 g.). With methyl-alcoholic ammonia this ester gave 
in good yield 2: 3: 4-trimethyl d-mannosaccharodiamide, m. p. 228° (decomp.), [a]? — 17° 
(c, 0-46 in methyl alcohol), — 14° (c, 1-7 in water). The amide gave a strong positive Weerman 
test (Found: C, 43-2; H, 7-3; N, 11-0; OMe, 36-8. C,H,,0,N, requires C, 43-2; H, 7-2; 
N, 11-2; OMe, 37-2%). The m. p. of the new amide on admixture with the amide previously 
described as 2:3: 4-trimethyl mannosaccharodiamide (Haworth, Hirst, and Isherwood, 
loc. cit.) was depressed to 200° (not sharp). 
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389. The Structure of Alginic Acid. Part I. 
By E. L. Hirst, J. K. N. Jones, and (Miss) WINIFRED OSMAN JONES. 


The action of methyl-alcoholic hydrogen chloride on sodium alginate has been 
examined. The products are shown to be a degraded alginic acid and d-mannuronic 
acid—recognised, after methylation and oxidation, as 2:3: 4-trimethyl d-manno- 
saccharamide. A degraded alginic acid has been methylated by the thallium method. 
This methylated product was exceptionally stable towards hydrolytic agents, but 
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was simultaneously hydrolysed and oxidised by nitric acid, giving i-dimethoxy- 
succinic acid, recognised as its crystalline dimethyl ester and amide. Hydrolysis with 
methyl-alcoholic hydrogen chloride gave 2: 3-dimethyl d-mannuronic acid, the con- 
stitution of which was proved by its oxidation by periodic acid, glyoxylic acid and 
the half aldehyde of i-dimethoxysuccinic acid being obtained. The latter substance 
was recognised after further oxidation as the crystalline methyl ester of i-dimethoxy- 
succinic acid. The results show that at least the major portion of the alginic acid 
molecule is composed of 8-d-mannuronic acid residues, and reasons are given for the 
view that alginic acid contains solely pyranose residues which must in this case be 
linked through C, and C,. 


ALGINIc acid constitutes a large proportion of certain seaweeds, where it occurs as a salt, 
usually associated with other polysaccharides such as fucosan. Sodium alginate is of 
considerable importance and finds a very wide industrial application. It is noteworthy 
among polysaccharides in that it appears to be built entirely of d-mannuronic acid 
residues, although its resistance to hydrolysis is so great that no quantitative transform- 
ation to d-mannuronic acid has been achieved (Nelson and Cretcher, J. Amer. Chem. Soc., 
1929, 51, 1914; 1932, 54, 3409; Bird and Haas, Biochem. J., 1931, 25, 403; Schoeffel 
and Link, J. Biol. Chem., 1933, 100, 397). The results we have recently obtained from 
a study of the action of methyl-alcoholic hydrogen chloride on the polysaccharide show 
that high yields of d-mannuronic acid are obtainable from alginic acid and that under 
suitable conditions it is possible to obtain a partially degraded alginic acid of compara- 
tively low molecular weight. This reaction resembles that in which pectic acid is 
simultaneously hydrolysed and degraded by methyl-alcoholic hydrogen chloride to 
d-galacturonic acid and a pectic acid of lower molecular size (Morrell, Baur, and Link, 
J. Biol. Chem., 1934, 105, 1). 

Except for the lower viscosity of its solution, degraded alginic acid differed little from 
the original alginic acid (compare Morrell, Baur, and Link, loc. cit.), but it was more ~ 
amenable to chemical treatment. -From it, by use of thallium hydroxide, thallium 
ethoxide and methyl iodide, it was possible to obtain the fully methylated derivative. 
Methylation of undegraded alginic acid was rendered difficult by the very slow reaction 
between methyl iodide and the thallium derivative, even under pressure. The matter 
was further complicated by the comparative insolubility of the partly methylated alginic 
acid in the usual organic solvents. 

The methylated product from degraded alginic acid was exceptionally stable towards 
hydrolytic agents, but two methods were developed which gave insight into its 
chemical structure. When boiled with nitric acid, it underwent hydrolysis, followed 
by degradative oxidation, with the formation of i-dimethoxysuccinic acid (I), recognised 
as its crystalline methyl ester and amide. This indicates that in each of the mamunuronic 
acid residues the methyl groups were attached either to C, and C, or C, and C;. 

Proof that the methyl groups were, in fact, situated at C, and C, of the mannuronic 
acid residues was provided in the following manner. Methylated alginic acid on drastic 
treatment under pressure with methyl-alcoholic hydrogen chloride gave the methyl ester 
of 2: 3-dimethyl methyl-d-mannuronide (II). This underwent hydrelysis to 2 : 3-dimethyl 
d-mannuronic acid, with change of rotation, on heating with dilute aqueous acid, thereby 
proving that methoxyl groups must have been on C, and Cy, since, if they had been on 
C, and C,;, the mannuronic acid would have been incapable of forming a ring compound. 
2 : 3-Dimethyl d-mannuronic acid was oxidised with bromine water to 2: 3-dimethyl 
d-mannosaccharic acid (III), which in turn was oxidised with periodic acid (a reagent 
diagnostic for «$-glycols) to glyoxylic acid (IV) and the half aldehyde of 1-dimethoxy- 
succinic acid (V). The latter was oxidised by bromine water to i-dimethoxysuccinic acid 
(I), recognised as its crystalline dimethyl ester and amide. It would appear, therefore, 
that alginic acid is composed of a chain of d-mannuronic acid residues in each of which 
C, and C, are free. The glycosidic linkage must therefore be either 1 : 4 (pyranose ring 
structure) or 1: 5 (furanose ring structure). It is very unlikely that the polysaccharide 
consists of a chain of d-mannuronic acid units linked as in (VI), since no polysaccharide 
with this type of linkage is known. Moreover, the great difficulty experienced in 
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hydrolysing alginic acid is not in agreement with the presence of such an acetal type of 
linkage, which would probably undergo hydrolysis with relative ease. 
CO,H CO,H CO,H 
MeO—C—H MeO—C—H MeO—C—H 
MeO—C—H MeO—C—H MeO—C—H (V-) 
CO,H H—C—OH CHO 
(I.) H—C—O0H CHO 
(u1.) CO,H CO,H  (IVv.) 
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In view of the extreme stability of alginic acid and its large negative rotation, it is 
highly probable that the ring structure is pyranose and that the linkage between the 
residues is 1:4. We conclude, therefore, from the amounts of methylated mannuronic 
acid isolated from the hydrolysis of alginic acid and from degraded methylated alginic 
acid that at least 50% of the molecule is composed of 6-d-mannuronic acid residues linked 
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| —o— 
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as shown in (VII). 
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Owing to the experimental difficulties connected with the hydrolysis of alginic acid it 
is not possible to state whether the whole of the molecule is so constituted. But in view 
of the facts that no other sugar than d-mannuronic acid was isolated from the hydrolysis 
of the polysaccharide and that hydrolysis of the methylated degraded alginic acid gave 
2: 3-dimethyl d-mannuronic acid in 50% yield despite extensive decomposition during 
hydrolysis, it is probable that alginic acid is-composed entirely or almost entirely of 
d-mannuronic acid units. 

The structural resemblance between (VII) and the formula for cellulose (8-d-gluco- 
pyranose units linked through C, and C,) is apparent. Both structural formule resemble 
closely that suggested for degraded citrus pectic acid (VIII) (Smith, Chem. and Ind., 
1939, 58, 363), degraded strawberry pectic acid (Beaven and Jones, 1bid., p. 363), and 
degraded apple pectic acid (unpublished results), the residues in these instances being 
«-d-galacturonic acid (pyranose form) linked glycosidically through positions 1 and 4. 


EXPERIMENTAL. 


Alginic Acid.—Alginic acid is obtained from certain marine alge by extraction with dilute 
aqueous alkali and is marketed as its sodium salt under the trade name of manucol. This is 
a white powder, which forms highly viscous aqueous solutions. On addition of hydrochloric 
acid to an aqueous solution of sodium alginate, alginic acid was precipitated as a jelly. This 
was filtered off and washed with water until free from mineral acid and salts. It was then 
passed through alcohol-water mixtures of gradually increasing alcohol concentration and 
dried at 60°/12 mm. This procedure served to retain the alginic acid in a friable condition 
and avoided the formation of horny masses which were difficult to powder. 

Alginic acid was prepared from two samples of sodium alginate: (a) a sample of high 
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viscosity (ysp./c 33-3 for c 1-0), (b) a sample of low viscosity (y.p),/c 12-4 for c 1-0). Both 
samples of the sodium salt had [«]?” — 139° in water (c, 1-0). The samples of alginic acid 
both gave furfural (21%, estimated as phloroglucide after treatment with 12% hydrochloric 
acid) and had equiv. wt. 182 (by titration with n/10-sodium hydroxide). The yield of carbon 
dioxide from alginic acid on boiling with 12% hydrochloric acid was invariably low (ca. 70% 
of the theoretical), owing to the stability of the substance towards the acid reagent. 

Attempts to hydrolyse alginic acid were complicated by the fact that the products of 
hydrolysis were rapidly decomposed by the hydrolytic agent under the experimental con- 
ditions necessary. It was almost unaffected by boiling dilute acids (hydrochloric, sulphuric, 
nitric). Heating alginic acid with water in a sealed tube at 150° led to little if any auto- 
hydrolysis (compare Hirst and Jones, J., 1938, 1174). The most satisfactory methods of 
hydrolysis were (a) by methyl-alcoholic hydrogen chloride (see below) and (b) by 80% 
sulphuric acid (method of Nelson and Cretcher, J. Amer. Chem. Soc., 1929, 51, 1914). By the 
latter method it was possible to isolate barium d-mannuronate (identified as the p-bromo- 
phenylosazone of the barium salt) in 50% yield. 

Attempts to acetylate alginic acid, sodium alginate and methyl alginate by the use of 
pyridine or zinc chloride and acetic anhydride, or by Barnett’s method, were unsuccessful. 
The method of Dillon and McGuinness (Sci. Proc. Roy. Dublin Soc., 1932, 20, 129) using 
hydriodic acid as a catalyst led to the production of degraded products. 

Hot dilute alkali solution rapidly degraded alginic acid with formation of orange-coloured 
decomposition products, and in this respect alginic acid closely resembles pectic acid. In 
consequence, the methylation of alginic acid by methyl sulphate and 30% sodium hydroxide 
solution was unsatisfactory even when carried out in an oxygen-free atmosphere. In one 
experiment material having OMe 14-9% was isolated after three methylations (yield, 25%). 
The working-up of the solution was rendered difficult by the presence of large quantities of 
sodium sulphate and attempts to remove this by dialysis resulted in loss of product, indicating 
that during methylation the alginic acid had been degraded, at least in part, to molecules 
small enough to pass through the parchment membrane. Alginic acid formed an insoluble 
thallium derivative, which was most conveniently prepared by addition of excess of thallous 
hydroxide solution (4 equivs.) to an aqueous solution of sodium alginate. The thallium 
derivative was a white curdy precipitate which dried as a yellow powder. Acidification of the 
thallium derivative regenerated alginic acid which differed from the original material only in 
its lower viscosity. This thallium derivative was difficult to powder and it reacted with 
methyl iodide slowly and incompletely even when heated under pressure. Substitution of 
methyl sulphate for methyl iodide gave even less satisfactory results. In view of these 
difficulties a degraded alginic acid was prepared, the thallium derivative of which was much 
more amenable to treatment with methyl iodide. 

Preparation of Degraded Alginic Acid.—Sodium alginate (50 g.) was boiled for 17 hours 
with 10% methyl-alcoholic hydrogen chloride (400 c.c.). The cooled solution was filtered, and 
the solid washed with methyl alcohol to remove sodium chloride and adsorbed hydrochloric 
acid, and dried (diminished pressure). It was a white powder (25 g.) soluble in water, giving 
viscous solutions, but with a viscosity considerably less than that of the original material. 
[a]?” — 134° (c, 1-6 in neutral solution) [Found: furfural, 20-4; uronic acid anhydride (as 
carbon dioxide liberated by boiling with 12% hydrochloric acid), 86-6; OMe, 14-5; equiv. (by 
titration), 203. A completely esterified polyuronide requires uronic acid anhydride, 92-5; 
OMe, 16-3%; equiv. 190). 

The filtrate from the degraded material was neutralised with silver carbonate, filtered, and 
evaporated to a mass of syrup and sodium chloride. The syrup. (20-7 g., extracted with cold 
methyl alcohol) was evaporated to dryness with n-thallium hydroxide (600 c.c.) and the 
powdered solid (120 mesh) was boiled with methyl iodide until it no longer gave an alkaline 
reaction to litmus (2 days). After removal of the methyl iodide by distillation, the partially 
methylated product was extracted with methyl alcohol. The extracts were concentrated, 
dissolved in methyl iodide, and boiled (7 hours) with addition of silver oxide. The product 
was extracted with acetone and after two more methylations with Purdie’s reagents the 
refractive index (n?” 1-4752) of the syrup (20-2 g.) remained constant. 

This product was separated into two fractions by extraction with ether: (1) An ether- 
insoluble solid (1-9 g.) (Found : OMe, 28-0%); and (2) an ether-soluble syrup (18-3 g.), nif" 
1-4670, which gave on distillation: Fraction I (an orange liquid, probably decomposed 
material) (0-1 g.), b. p. 140°(bath temp.) /0-002 mm., 3!" 1-4445; fraction II, the methyl ester 
of trimethyl methylmannuronide (15-0 g.), b. p. 147°(bath temp.)/0-002 mm., nj” 1-4580, 
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[a]?” + 60-0° (c, 10-0 in water) (Found: OMe, 58-2. Calc. for C,,H,O,: OMe, 58-7%); 
fraction III (2-0 g.), b. p. 160—220°(bath temp.) /0-002 mm., mi’" 1-4810 (Found : OMe, 49-2%). 
This fraction was methylated with Purdie’s reagents, and the product distilled, giving : 
Fraction IV (1-10 g.), b. p. 140°(bath temp.) /0-002 mm., 2" 1-4682, [«]?” + 57-2° (c, 1-56 in 
water) (Found: equiv., 244; OMe, 51:7%). (This fraction may have contained incompletely 
methylated mannuronic acid or disaccharides.) The still residues consisted mainly of un- 
hydrolysed polysaccharides. 

The ester from fraction II (10-4 g.) was hydrolysed with n-hydrochloric acid (100 c.c.) for 
12 hours, and the solution neutralised with silver carbonate, filtered before and after treatment 
with hydrogen sulphide, and evaporated to a syrup. The syrup was extracted with acetone, 
the solution filtered, and acetone removed at 40°/12 mm., leaving tvimethyl mannuronic acid 
as a pale yellow, viscid syrup (8-5 g.), [a]? + 36-4° (c, 1-62 in water) (Found: OMe, 38-7; 
equiv., 242. C,H,,0, requires OMe, 39-3%; equiv., 236). The acid (8-4 g.) was dissolved in 
water (10 c.c.) and oxidised with bromine (5 c.c.) until non-reducing, the product isolated in 
the usual manner and esterified with methyl-alcoholic hydrogen chloride, and the ester 
(8-42 g.) distilled, giving (A) (7-80 g.), b.p. 125°/0-003 mm., ni§° 1-4600. 

Fraction (A) was a mixture of 2 : 3 : 4-trimethyl d-mannosaccharolactone methyl ester and 
methyl 2:3: 4-trimethyl d-mannosaccharate, [a]? + 13-7° (c, 4:39 in methyl alcohol), 
+ 16-1° (c, 2-25 in water) (Found: OMe, 49-2; equiv., 132. Calc. for C,,;H»O,: OMe, 
553%; equiv., 140. Calc. for C,H,,0,: OMe, 50-0%; equiv., 124). Fraction (A) was 
dissolved in methyl alcohol, and the solution saturated with ammonia at 0°, After 7 days at 
— 5° the solution deposited crystals of 2: 3: 4-trimethyl d-mannosaccharodiamide; concen- 
tration of the solution gave a further crop (total yield, 62% of the theoretical); m. p. and 
mixed m. p. with an authentic specimen prepared by Haworth, Hirst, Isherwood, and Jones 
(preceding paper), 228° (decomp.), [«]?”” — 17° (c, 0-46 in methyl alcohol) (Found: C, 43-3; 
H, 6-9; N, 10-8; OMe, 37-2. Calc. for CJH,,0,N,: C, 43-2; H, 7-2; N, 11-2; OMe, 37-:2%). 
Treatment of an aqueous solution of the amide with sodium hypochlorite solution gave sodium 
cyanate, identified as hydrazodicarbonamide, proving that the substance is an a-hydroxy- 
amide (Weerman reaction). 

Methylation of Alginic Acid.—Degraded alginic acid (30 g.) was suspended in water and 
brought into solution by the addition of a little n-thallous hydroxide (20 c.c.). N-Thallous 
hydroxide (500 c.c.) was concentrated to 150 c.c. and added with stirring to the solution of 
alginic acid. The precipitated thallium derivative was immediately filtered off, washed once 
with methyl alcohol, and dried in a vacuum with exclusion of air and light. The cream- 
coloured solid was powdered (120 mesh) and boiled with methyl iodide until it no longer gave 
an alkaline reaction (60 hours). Methyl iodide was distilled off, and the solid extracted with 
methyl alcohol. The alcoholic extracts gave on concentration a yellow solid (11-0 g.), which 
was dissolved in water, the solution evaporated to dryness with n-thallous hydroxide (150 
c.c.), and the residue powdered and boiled with methyl iodide. Repetition of this process, 
with thallium ethoxide in place of thallium hydroxide, followed by methylation with Purdie’s 
reagents, gave a viscid solid, which was separated into two fractions: (a) a solid (5-5 g.) 
(Found : OMe, 43-2%), and (b) a viscid syrup (4-2 g.). 

The solid (a) (degraded methylated alginic acid) had [«]?° — 28° (in methyl alcohol, c, 
0-6) [Found: equiv., 231 (by titration with n/10-alkali; methylated alginic acid gave an 
orange colour with alkaline reagents); uronic anhydride, 48-2, from carbon dioxide liberated 
on heating with 12% hydrochloric acid (the low value was due to incomplete decomposition 
of the methylated product). A methylated polymannuronide requires equiv., 218; uronic 
acid anhydride, 80-7% ; OMe, 42-6%]. 

The methylated product was exceptionally stable to acid reagents; after treatment with 
3% methyl-alcoholic hydrogen chloride at 90° for 24 hours and with 2% methyi-alcoholic 
hydrogen chloride at, 120° in a sealed tube during 24 hours, it was recovered practically 
unchanged, It underwent hydrolysis and oxidation when boiled with 50% nitric acid. The 
methylated product (2 g.) was heated with 50% nitric acid (50 c.c.) for 18 hours; a vigorous 
reaction then occurred and nitrous fumes were evolved. The product (0-69 g.) was isolated 
in the usual way, esterified, and distilled, giving methyl i-dimethoxysuccinate (0-11 g.), b. p. 
110°(bath temp.) /0-01 mm., »}%" 1-4372, [a]? + 0° (c, 2-2 in methyl alcohol) (Found: OMe, 
59-0%). (The still residue appeared to consist of unaltered polysaccharide.) With ammonia 
in methyl alcohol, the ester gave in quantitative yield the corresponding amide, m. p. and mixed 
m. p. with an authentic specimen 242° (decomp.), [«]?” + 0° (c, 1-5 in water) (Found: OMe, 
34-0. Calc. for C,H,,0,N, : OMe, 35-2%). No other dimethoxysuccindiamide was detected. 
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The methylated derivative (1-65 g.) underwent partial hydrolysis with the formation of 
some decomposition products when it was heated with 4% methyl-alcoholic hydrogen chloride 
(40 c.c.) at 150° for 24 hours. The solution was neutralised with silver carbonate, filtered, 
and evaporated to a syrup (strong odour of furfural). Extraction with ether gave a syrup 
(0-76 g.), ni’ 1-4712, which was distilled, giving the methyl ester of 2 : 3-dimethyl methyl-d- 
mannuronide (0-41 g.), b. p. 180°(bath temp.) /0-005 mm., nu?" 1-4650, [«]?” + 59° (c, 2-0 in 
water) (Found: OMe, 50-4. C,,)H,,0, requires OMe, 49;5%). 

The ester (0°38 g.) was hydrolysed with n-hydrochloric acid (18 c.c.) at 90—95°. The 
product had [«]?” + 20° (c, 2-0 in n-hydrochloric acid, equilibrium value after hydrolysis). 
The solution was neutralised with silver carbonate and filtered, silver ions removed with 
hydrogen sulphide, and the filtered solutien evaporated to a syrup (0-28 g.) consisting of 2 : 3- 
dimethyl d-mannuronic acid, [a]? + 30° (c, 1-5 in methyl alcohol), + 33° in 2% methyl- 
alcoholic hydrogen chloride, unaltered after 12 hours (Found: OMe, 27-9; equiv., 230. 
C,H,,0, requires OMe, 27-9%; equiv., 222). 

2 : 3-Dimethyl mannuronic acid (0-26 g.) was oxidised with bromine (1 c.c.) in water (10 
c.c.) at 30° for 6 hours. The excess of bromine was removed by aeration, and the solution 
worked up in the usual manner. The syrupy product (0-22 g.), 2: 3-dimethyl d-mannosaccharic 
acid, had equiv. wt. 118, [a]? + 16° (c, 4-2 in water), — 7-5° (c, 2-1 in alkali) (Found : OMe, 
26-8. C,H,,0O, requires OMe, 27-°3%; equiv., 119). It was dissolved (0-20 g.) in a slight 
excess of n/3-barium hydroxide, and aqueous periodic acid added, sufficient to liberate and 
oxidise the free dimethyl d-mannosaccharic acid. A slight rise in temperature occurred and 
the rotation fell to zero. After 36 hours the solution was neutralised with barium carbonate 
and filtered. The filtrate reduced Fehling’s solution and gave a purple colour with casein and 
sulphuric acid, indicating the presence of glyoxylic acid. Bromine (1 c.c.) and barium 
carbonate (1 g.) were added to the filtrate, which was kept at 20° until it was non-reducing to 
Fehling’s solution (3 hours). The solution was filtered, aerated, and evaporated to a small 
volume. Addition of a little calcium chloride to a test sample gave a precipitate of calcium 
oxalate (oxalic acid produced by oxidation of glyoxylic acid). The solution was filtered and 
evaporated to dryness, and the product esterified with methyl-alcoholic hydrogen chloride. 
The solution was neutralised with silver carbonate, filtered, and evaporated to a syrup (0-15 
g.), which was distilled; b. p. 110°(bath temp.) /0-001 mm., n° 1-4368. The distillate (0-11 
g.) crystallised to a solid mass. On recrystallisation from ether—light petroleum, the solid (75 
mg.) had m. p. 66—67°, not depressed by authentic methyl i-dimethoxysuccinate; [a]?" + 0° 
(c, 1-3 in methyl alcohol) (Found: OMe, 62-2, Calc. for C,H,,O,: OMe, 60-2%). The 
crystals gave with methyl-alcoholic ammonia i-dimethoxysuccinamide in quantitative yield, 
m. p. and mixed m. p. 244°. 
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390. Polysaccharides. Part XXXIII. The Methylation of Cellulose 
in Air and in Nitrogen. 


By W. N. Haworta, E. L. Hirst, L. N. Owen, S. Peat, and (in part) F. J. AVERILL. 


An investigation has been made of the methylation of cellulose directly and of 
methylation of the acetate. Conditions have been varied with respect to (a) the 
number of methylations, (b) the temperature of methylation, and, further, a comparison 
has been made between the products formed when the methylation is conducted entirely 
in air, entirely in nitrogen, or first in nitrogen and subsequently in air. In every case 
the purified product was submitted to end-group assay. 

The theoretical significance of the results will be discussed in a later paper. 


THE preparation of methylated cellulose of maximum methoxyl content is readily effected 
by the method of Haworth, Hirst, and Thomas (J., 1931, 821). In this method, acetone- 
soluble cellulose acetate (acetyl, 40%) is submitted to simultaneous deacetylation and 
methylation by treatment, in acetone solution, with methyl] sulphate and sodium hydroxide 
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solution. The fully methylated cellulose so prepared was used by Haworth and Machemer 
(J., 1932, 2270) in the elaboration of the “‘ end-group ” method of assay of the size of poly- 
saccharide chain-molecules. 

Fully acetylated cellulose (acetyl, 44-8%) is insoluble in acetone and the acetate 
described above is prepared by the partial deacetylation, under strictly controlled 
conditions, of this triacetate. The deacetylation is not accompanied by degradation of the 
cellulose and the acetone-soluble cellulose acetate is in this respect different from the 
numerous commercial cellulose acetates with which it has been compared (see Hess, 
Angew. Chem., 1936, 47, 841). 

The preparation and methylation of acetone-soluble cellulose acetate has now been 
repeated. The closest adherence to the conditions prescribed in the earlier papers has 
been observed and the conclusions reached previously have been confirmed in all essentials. 

The investigation of Haworth and Machemer (loc. cit.) has been extended inasmuch as a 
method has been devised whereby the necessity for the partial deacetylation of cellulose 
triacetate has been avoided. The method takes advantage of the fact that fully acetylated 
cellulose, although it is insoluble in acetone, nevertheless swells in dioxan or in a mixture 
of acetone and dioxan to give a clear, highly viscous solution which is eminently suitable in 
regard to physical state for the subsequent methylation process. Full details are given 
under “‘ Cellulose I ’’ in section I of the experimental part. 

Sections II and III are concerned with the direct methylation of cellulose, 7.e., with the 
methylation of cellulose (either as cotton sliver or cotton linters) without the intermediate 
formation of a cellulose acetate. In this method use is made of the fact that alkali brings 
about extensive swelling of the cellulose fibres with a consequent increased facility of 
penetration of the methylating reagents. The cellulose is stirred for some hours with a 
large excess of 30% sodium hydroxide solution until the whole forms a gelatinous mass. 
Methyl sulphate, dissolved in dioxan, is then added very slowly during 12 hours and the 
mixture is maintained at the required temperature throughout. The effectiveness of the 
methylation is to be judged by the fact that after one treatment at room temperature a 
methylated cellulose having OMe, 41% was obtained. 

The conditions of direct methylation were varied in respect to (a) temperature of 
methylation, (b) number of treatments with the methylating agents, (c) the nature of the 
surrounding atmosphere, the methylation being conducted in air or in an inert atmosphere 
of nitrogen. The properties of the methylated cellulose formed under these different 
conditions are summarised in Table I. In all cases the specimens of methylated cellulose 


TABLE I. 
The Methylation of Cellulose. 


Conditions of methylation. Apparent molecular size 
~ ~ % OMe (in glucose units). 
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were purified by solution in chloroform and precipitation therefrom by the addition of 
light petroleum. The purified products so obtained were not necessarily homogeneous 
with respect to molecular size. In fact, it was possible by fractional precipitation in every 
case to separate the methylated cellulose into parts which showed different specific 
viscosities in solution. For example, a sample of methylated cellulose III was so separated 
into fractions which showed »,,,/c 0-30 and 0-21 respectively. 

With some slight modifications, the technique of Haworth and Machemer for the 
estimation of end-group in the methylated cellulose was followed. The use of cold 
concentrated hydrochloric acid as hydrolysing agent was abandoned in favour of a hot 
mixture of equal volumes of glacial acetic acid and 8% hydrochloric acid. With this 
reagent the formation of levulic acid (by the decomposition of the methylated hexoses) 
was reduced toa minimum. It was nevertheless not possible to eliminate completely this 
degradative activity of the hydrolysing agent. Careful search was originally made for 
any acid oxidation products formed during methylation in air. This revealed that even 
the acetic acid—hydrochloric acid hydrolysing agent was responsible for the formation of 
a small quantity of levulic acid (characterised as the ester phenylhydrazone and as the 
phenylhydrazone-phenylhydrazide). No other acid product was found (see under 
““ Cellulose X ’’). 

The succeeding stages in the analysis were carried out as described by Haworth and 
Machemer. The mixture of glucosides formed by treatment of the hydrolysed methyl 
cellulose with alcoholic hydrogen chloride was fractionated by distillation from a Widmer 
flask and the composition of a fraction was estimated from a consideration of its 
refractive index and methoxyl content. That a true estimate of the proportion of tetra- 
methyl methylglucoside may be made in this way is shown by the comparative experiments 
with synthetic mixtures made by Haworth and Machemer (loc. cit.) and by Averill and Peat 
(J., 1938, 1344) and the criticisms and claims of Hess and Neumann (Ber., 1937, 70, 710, 
721) are unfounded. 

EXPERIMENTAL. 


Section I. The Methylation of Cellulose Acetates, 


The source of cellulose in these experiments was technical cotton linters which had copper 
number 0-08 (by the method of Schwalbe—Braidy; cf. Clibbens and Geake, J. Text. Imst., 1924, . 
15, 271r) and iodine number 0-2 (by the method of Bergmann and Machemer, Ber., 1930, 63, 
316, 2304). In this section the term “‘ cellulose ’’ refers to technically bleached cotton linters. 

Preparation of Fully Acetylated Cellulose.—To extend the investigation of Haworth and 
Machemer (loc. cit.) conditions were sought for the methylation of the non-reducing but acetone- 
insoluble cellulose triacetate. This substance was prepared as follows: Cotton linters (50 g.) 
were soaked in glacial acetic acid (500 c.c.) containing a little chlorine, and the mixture treated 
in the cold with acetic anhydride (250 c.c.) containing an amount of sulphur dioxide equivalent 
to that of the chlorine. After standing in the freezing mixture, the material was kept at room 
temperature until a homogeneous solution was obtained (24 hours). The viscous liquid was 
diluted with glacial acetic acid (equal vol.) and poured, with efficient stirring, into cold water. The 
precipitated cellulose acetate was washed free from acid and dried in a vacuum. 400 G. of 
cotton linters gave 632 g. of the acetate. A sample of the acetate purified by precipitation from 
a chloroform—acetone—ethyl alcohol solution by means of light petroleum was a white fibrous 
material which showed copper number 0-05, iodine value 0-2, [«]??” — 21° in chloroform (c, 2-5), 
nig’ 1-2 (0-4% solution in m-cresol) (Found: C, 49-8; H, 5-6; CH,‘CO, 44:8. C,H ,,O, 
requires C, 50-0; H, 5-6; CH,°CO, 448%). The molecular weight determined osmometrically 
(by Dr. W. T. Chambers) corresponded to an apparent chain length of 230 glucose units. 

Methylation of Triacetyl Cellulose in Aiy at 55°.—It was demonstrated in trial experiments 
that triacetyl cellulose could not be satisfactorily converted into methylated cellulose by the 
usual process when acetone was used as solvent, since the acetate is neither soluble in acetone 
nor does it swell in it. When, however, dioxan or a mixture of dioxan and acetone was used 
as solvent, the acetate swelled to give a clear, highly viscous solution, in which methylation 
at 55° proceeded with great ease. One treatment with methyl sulphate and aqueous sodium 
hydroxide solution (30%) yielded a methyl cellulose containing OMe, 41%. The procedure 
ultimately adopted was the following: Triacetyl cellulose (10 g.), finely powdered, was added, 
with stirring, to dioxan (200 c.c.) and kept, with occasional stirring, for 12 hours. The highly 
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viscous mass was diluted with acetone (500 c.c.) to give a clear homogeneous solution. The 
solution was divided into two equal parts and each portion was treated at 55° with methyl 
sulphate (250 c.c.) and sodium hydroxide solution (30%, 750 c.c.), the reagents being added in 
tenth quantities at intervals of 10 minutes. Acetone was added from time to time to compensate 
for that lost by evaporation. It is essential that vigorous mechanical stirring be maintained 
throughout the experiment. Boiling water (1500 c.c.) was now added, and the temperature 
maintained at 95—100° for 4 hour. The product, which separated from the hot water, was 
filtered off, washed with hot water, and dried in a vacuum. 270 G. of cellulose acetate were 
treated in this way. 

The product of the first methylation was submitted, in batches of 10 g., to further treatment 
with the methylating agents under identical conditions. Thereafter, batches of 15 g. were used 
and the material was submitted to six successive methylations in all. The final product was 
washed with acetone and ether and dried ina vacuum. It was a white powder. Yield, 165 g. 
(85% of the theoretical). The methylated cellulose was purified by fractional precipitation 
from solution in a mixture of chloroform (1600 c.c.) and ether (600 c.c.) by the gradual addition 
of light petroleum (81.)._ Small head and tail fractions (5 g. and 3 g. respectively) were discarded, 
the bulk of the material (150 g.) separating as a fine white powder. This material decomposed 
at 225° and showed [a]?” — 5-0° (c, 3-0 in chloroform) and 72%" /c, 0-129 in chloroform. The mole- 
cular size by osmotic pressure measurement corresponded to a chain length of 100 glucose units 
(Found: C, 53-3; H, 8-0; OMe, 44-5. C,H,,O,; requires C, 52:9; H, 7-8; OMe, 45-6%). 
Further careful fractionation failed to reveal any heterogeneity. This product will be referred 
to as methylated cellulose I. 

Determination of the Chain Length, by the End-group Method, of Methylated Cellulose I.— 
Methylated cellulose I was hydrolysed by heating the purified substance (147 g.) in glacial 
acetic acid (1500 c.c.) at 90° until solution was complete. Thereafter 10% hydrochloric acid 
(1500 c.c.) was added, and the solution maintained at 90—95° until polarimetric readings 
showed the hydrolysis to be complete. The dark coloured solution was filtered with charcoal, 
the mineral acid neutralised with barium carbonate (470 g.), and the solution evaporated to 
dryness at 50°. The residue was extracted ten times with chloroform, and the filtered extract 
(10 1.) evaporated to a syrup under diminished pressure. The product was partially crystalline. 
Yield, 155 g. (98%). 

A preliminary separation of the sugars was achieved by fractional extraction. The product 
was dissolved in water (1 1.) and extracted fifteen times with chloroform. The extract (1500 c.c.), 
taken to dryness, gave syrup A, (16-5 g.). The aqueous residue was concentrated to 250 c.c. 
and again extracted with chloroform (300 c.c.). Removal of the solvent from this extract left 
a syrup which immediately crystallised. From an ethereal solution of this product, crystalline 
2:3: 6-trimethyl glucose (12 g.) separated. The ethereal mother-liquors and washings yielded, 
on evaporation, syrup A,. The aqueous residue was finally taken to dryness, and crystalline 
trimethyl glucose (82 g.) separated from the product by recrystallisation from ether. The 
ethereal atihniiaieiane and washings, taken to dryness, gave syrup B (24 g.). _ The total yield 
of crystalline trimethyl glucose was 94 g. After recrystallisation from ether, this sugar had 
m. p. 119° and [«]}° + 70° (equilibrium value in water; c, 2-0). 

Fractions A,, A,, and B, treated with dry methyl alcohol containing 2% of hydrogen chloride, 
yielded respectively 16-0, 6-1, and 24-2 g. of glucosides, which were submitted to systematic 
fractional distillation at 0-01—0-10 mm., a Widmer flask with a vacuum-jacketed column being 
used. The following fractions were ultimately obtained from fraction A (that is from A, and 


A, taken together) : 


em vcccksdeinciaks la 2a 3a 4a 5a 6a Ta 
Bath temp. -............. 75—90° 95—100° 100—105° 110—120° 115° 125° 110—150° 
eet ©) 0-180 0-220 0-612 0-832 1-138 3-524 3-846 

- acini aiansial sn 1-4499 1-4452 1-4525 1-4560 1-4562 1-4574 
OMe, % PORE Eg 55-6 62-6 54-1 52-0 — a 


From B the following fractions were separated : 


DORGEEIER.. . sncccnmmntenaie lb 2b 3b 4b 
Bath temp. ............ 70—100° 100—105° 105—120° 120—180° 
ee ) akegaetiind © ie 6-76 11-16 4-28 
Sealdaaaccoseoe. 5 ae 1-4556 1-4584 1-4700 
OMe, "% ccccencvvccdece’ S50 — _ — 





[1939] Polysaccharides. Part XXXII. 1889 


Fraction la consisted of a decomposition product; it was optically inactive and was later 
shown to be methyl levulate (see under Section II). A little of this substance was present also 
in fraction Ib. 

From the refractive indices and methoxyl contents of the various fractions it is clear that 
only fractions 2a, 3a, and 4a contain tetramethyl methylglucoside and it is estimated that 
these fractions contained respectively 0-123, 0-612, and 0-270 g., making a total of 1-0 g. from 
147 g. of the methylated cellulose. This yield corresponds to a chain length of 180 units. 
When the correction for experimental loss (Averill and Peat, Joc. cit.) is applied, the value becomes 
158 units. The identity of the tetramethyl methylglucoside was established by the hydrolysis 
of part (0-4 g.) of fraction 3a; crystalline 2: 3:4: 6-tetramethyl glucopyranose (m. p. 87°; 
[a] + 82°, equilibrium value in water, c, 1-4; OMe, 52-1%) was then separated in 80% yield. 

It was further estimated that from 147 g. of methylated cellulose 7-5 g. of dimethyl methy]- 
glucoside were produced. 

Subsequent determinations of chain length described in this and succeeding sections were 
carried out in a manner essentially the same as that used in the case of methylated cellulose I. 
It will be unnecessary, therefore, to give a detailed description of each of the later determinations. 
The designations A and B for the sugar fractions and a and b for the glucoside fractions will 
have the same connotation as in the experiment just described. 

Methylation of Triacetyl Cellulose in Air at a Lower Temperatuve.—A further quantity (300 g.) 
of triacetyl eéllulose was simultaneously deacetylated and methylated under the conditions 
described above except that, after two treatments with the methylating agents at 55°, the 
subsequent methylations were conducted at 40° and over a longer period (3 hours). Samples 
of the product were withdrawn after each methylation. These, after purification by precipit- 
ation, showed the following properties : 

No. of methylations ............ccceseseesseees 1 2 3 4 5 6 
OMe, % ...... sec sds aseicecene vas ese tébeveses 41-5 43-4 43-8 44-0 44:1 44-4 


[a]p in PRGIOIE in cis cxncsecsessesnassonscess-| STEM — — 4 _ — 4 
lalp in bensene aneheuiny beans enna eet becienbns oqis= Oe at ~- — 16° -- —17° 


nay. (0-2%) in m-cresol . ° 1-28 1-28 1-23 1-12 0-86 0-74 
Apparent chain length (from viscosity) .. 640 640 615 560 430 370 


The final product (170 g.; yield, 87%), purified in the manner described, had [a]%” — 4-0° 


(c, 5-0 in chloroform) and 73" 0-66 (0-2% solution in m-cresol) (Found : C, 52-5; H, 8-3; OMe, 
44-8%). This material will be referred to as methylated cellulose II. 

End-group Assay on Methylated Cellulose II.—The second sample of methylated cellulose 
(150 g.) was hydrolysed, and the products fractionated, in a manner entirely analogous to that 
employed in the case of methylated cellulose I. The fractions ultimately separated had the 
following properties : 


POORER,  bracrogesssnqoeses opesie 3a, 4a, 

BU IRS 5 icin pecse sipenqnosane 115—120° 120° 
Pressure (mm.) . 0-04 0-04 
WELL © dascasantsenssosncee 3 1-066 2-558 

pp (COMMD.) o5.000i55csdecseeccsce cai “Is 4230 (17°) 1- 4450 (21°) 1-4518(21°)  1-4550 (21°) 
OMe, % denne hes doc apieduyhs,- ae 59-8 61-1 50-6 
PORNO ii piescipbsside ect la, 2a, 3a, 4a, 

Bath temp. ..........seseeeeee0. 80-—95° 95—97° 97—100° 100—160° 
Pressure (mm.) . ............... 0-02 0-02 0-02 0-04 


Weight (g.) ..eececccseseseeeseee 0180 1-615 2-863 3-83 
Mp (fEMP.) ..eeececesseeeseceseee 1°4330 (17°) 14540 (21°) 14550 (21°) 14593 (21°) 


"| °C GeeEN a 52-6 52-3 


UII, vondinsg 0s ceciincps syncs lb 2b 3b 4b 5b 

Bath temp. ...............0002. 160—165° 165° 115° 120° 120—175° 

Pressure (mm.)__ ............+.. 30 30 0-02 0-02 0-01 

Weight (g.) .......sssceseeeeeeee 0°40 0-58 21-85 10-29 7-93 

Mp (teMp.) .....sececceceeeeeeeeeee 124270 (19°) 14545 (19°) 11-4556 (19°) 11-4584 (19°) 11-4690 (19°) 
It was evident that tetramethyl methylglucoside was present only in fractions 2a,, 3a, la,, 

and 2a,, which contained respectively 0-392, 0-289, 0-081, and 0-137 g. The total weight of 

tetramethyl methylglucoside obtained from 150 g. of methylated cellulose was thus 0-90 g., 

which corresponds, after correction, to a chain length of 176 units. The tetramethyl methyl- 

glucoside was characterised by conversion into crystalline 2: 3: 4: 6-tetramethy] glucopyranose. 
Methyl levulate was present in fractions la,, la,, and 1b. It was established that this 

6H 
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substance was produced in part at least by the action of the hydrolysing agents on the partially 
- methylated sugars. A mixture of tri- and di-methyl methylglucosides (10 g.) was heated at 
90—95° for 7 hours with glacial acetic acid (100 c.c.), concentrated hydrochloric acid (30 c.c.) 
and water (70 c.c.). After cooling, sufficient barium carbonate (35 g.) to remove the mineral 
acid was added, and the solvents completely removed under diminished pressure. The residue 
was exhaustively extracted with chloroform, and the extract evaporated to a syrup. The 
latter after conversion into the glucosides in the usual way was distilled. The first drop 
distilling at 160°/30 mm. had ni" 1-4280 and clearly was methyl levulate. The first fraction 
(0-1 g.) had methoxyl content 46-1%. 

The amount of dimethyl methylglucoside produced on hydrolysis of methylated cellulose II 
(150 g.) was 7-5 g. 

Viscosity Measurements in m-Cresol.—Viscosity measurements were carried out on solutions 
of various concentrations of methylated celluloses I and II in m-cresol with the following results : 


Methylated Cellulose I. 
(eee BES Se ee 0-46 0-23 0-076 
GE" sccensentteeareimammaneien ae 0-075 0-035 0-012 
IE. cccnecusscnatiuipeliaiins, 0-163 0-151 0-158 
Methylated Cellulose II. 
CAg. 1.) ccccvcceescncescenccsscnees 1 SPOe 1-00 0-43 0-215 0-073 
- 


Nesp 0-76 0-24 0-095 0-043 0-014 


an PP cxneeogaiinniacvensa ee 0-242 0-221 0-201 0-192 


The limiting value of y.),/c at zero concentration was utilised in the calculation of chain 
length from the Staudinger formula and gave values of 150 and 200 units for methyl celluloses I 
and II respectively. Similar determinations in chloroform solution gave values of 130 and 180, 
and osmotic pressure measurements of molecular weight values corresponding to 100 and 130 
units (Carter, Chambers, and Haworth, to be published). 

Methylation of Triacetyl Cellulose in Airy under Other Conditions.—In the previous cases 
described, the cellulose received a minimum of six treatments with the methylating agents. 
In order that a comparison might be made with the experiments of Haworth and Machemer 
(loc. cit.), fully acetylated cellulose was converted into methylated cellulose by three treatments 
only with the methylating agents, the conditions being the same as in the preparation of 
methylated cellulose I. The methyl cellulose prepared in this way (122 g. from 200 g. of the 
triacetate) was purified by solution in chloroform (1 1.) and precipitation with light petroleum 
(2 1.) in the presence of anhydrous magnesium sulphate (40 g.). After keeping for 2 days, the 
solution was decanted and treated with a further volume (4} 1.) of light petroleum. Methylated 
cellulose III was thus precipitated as a fine, white powder, which after drying in a vacuum at 
45° showed OMe, 44:0% and 7p). /c, 0-275 (c, 0-2 in chloroform). 

Methyl cellulose III was not homogeneous, for a small specimen (2-0 g.) was separated from 
chloroform-light petroleum in two fractions (1-2 g. and 0-4 g.) which showed %p,/c 0-300 and 
0-210 respectively (c, 0-2 in chloroform). 

The Chain Length of Methylated Cellulose III.—The hydrolysis of methyl cellulose III 
(100 g.) was carried out by the method described under methyl cellulose I, with one change. 
To avoid the formation of levulic acid it was found advisable to alter the concentration of the 
hydrochloric acid used from 10 to 8%. In the extraction of the methylated sugars the standard 
procedure was followed and fraction A was converted into the glucosides, which were then 
distilled at 0-01 mm. Hg as follows : 


OE nxacidcencdeesssianensetas la 2a 3a 4a 


Weight (g.) .....ccscccsesesseseee O51 0-514 1-488 1-456 
Mp (tEMP.) ssececeseceeeesceeeeeeee 14442 (19°) siit0o (18" 1-4561 (18°) 11-4565 (18°) 


EN Th sinaonctgnivenctinssnuncens 


It was estimated that fractions la, 2a, and 3a contained respectively 0-03, 0-34, and 0-05 g. of 
tetramethyl methylglucoside, the total yield of which was thus 0-42 g. from 100 g. of methylated 
cellulose III. This yield corresponds, after correction, to a chain length of 240 glucose units. 

It is to be observed that the small first fraction contains chiefly methyl levulate. The 
formation of this substance has therefore not been avoided completely by the change in 
concentration of the hydrolysing acid. 

Methylation of Triacetyl Cellulose in the Absence of Air.—The methylation was conducted 
at 55° in dioxan-acetone solution, the usual procedure being followed except that care was 
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taken to exclude air by the passage of oxygen-free nitrogen through the mixture before and 
during the methylation. Four methylations in nitrogen gave methylated cellulose IV in 95% 
yield. The product was purified by solution in chloroform, filtration, and precipitation by the 
addition of light petroleum. Only the portion soluble in chloroform (85%) was used in the 
subsequent experiments, The methylated cellulose IV so obtained had OMe, 44.5%. A small 
portion (0-5 g.) was separated by precipitation from chloroform solution into two fractions 
(0-45 and 0-05 g.) which showed ,,, /c 0-38 and 0-23 respectively (c, 0-2 in chloroform). 

The Chain Length of Methylated Cellulose IV.—The purified material (100 g.) was hydrolysed 
as described under methylated cellulose III. The glucoside mixture from fraction A was 
treated at 70° with barium hydroxide to remove methyl levulate. Thereafter distillation at 
0-01 mm. yielded the following fractions : 


Weacta ge: i0cssesesiisgober cbnewesspaqespecie la 2a 3a 
Bath temp. .........scesecceeesecceseeceeeee LIO—112° 112—120° 120—125° 
IILIIET scscesenspeiamscenivintniceden . 0-883 0-892 
Sl sti eneeccioneemiednniioneniantes 1-4460 1-4538 1-4555 
CEE, Ty cok esa cinccsecoccssvccccesccscnnsass , OO 52-9 51-8 

Fractions la and 2a contained respectively 0-29 and 0-14 g. of tetramethyl methylglucoside— 
a total of 0-43 g. This yield, after correction, corresponds to a chain length of 240 glucose units, 
The tetramethyl methylglucoside was characterised by the hydrolysis of a portion (0-1 g.) of 
fraction la. Crystalline tetramethyl glucose (m. p. 84° alone or in admixture with an authentic 
specimen) was isolated. 

Preparation of Acetone-soluble Cellulose Acetate.—It seemed advisable at this stage to prepare 
a methylated cellulose by the method of Haworth and Machemer, that is, by the methylation 
of an incompletely acetylated cellulose which was soluble in acetone. In the preparation of an 
acetone-soluble acetate from cotton linters the directions of Haworth and Machemer (loc. cit. 
p. 2273) were followed in every detail. It was found necessary, however, to prolong the time 
of contact with the deacetylating mixture from 24 to 40 hours before precipitation. This 
retardation was probably due to the laboratory temperature being lower than usual (about 10° 
during the night). The product obtained, which had the fibrous nature described by Haworth 
and Machemer, was washed in running water for 3 days, soaked in alcohol, pressed, and dried in 
vacuum at 50°. A 7% solution of this material in acetone was centrifuged from a small amount 
of insoluble material, and precipitated by the addition of water. The purified product, after 
soaking in alcohol and drying in a vacuum, contained CH,°CO, 39-6% (equivalent CH,;-CO,H 
content, 55°2%) and showed [«]}*° — 15° (c, 1-0 in chloroform). The acetate did not reduce 
Fehling’s solution after 2 minutes’ boiling but it showed a copper number (Schwalbe—Braidy 
method) of 1-8. The molecular size of this acetate determined osmometrically was 245 hexose 
units and pp, /c, in chloroform was 0-13 (Carter, Chambers, and Haworth, to be published). 

Methylation of Acetone-soluble Cellulose Acetate in Air.—The acetate (15 g.), dissolved in 
acetone (300 c.c.), was methylated at 50—55° by the standard procedure. The product was 
methylated a second time, the solvent on this occasion being a dioxan—acetone mixture. From 
200 g. of the acetate, 133 g. of methylated cellulose V {OMe, 443%; [a]#° — 19° (c, 1-0 in 
benzene)} were obtained. It was purified in the usual way by precipitation from chloroform 
solution. The purified product had OMe, 44-56%; [a]? — 8° in chloroform (c, 1-0) and [a]?” 
— 20° in benzene (c, 1-0). A small portion (1-8 g.) was dissolved in chloroform and separated 
into two fractions (1-5 g. and 0-2 g.) by the addition of light petroleum. These fractions showed 
Nsp./¢ 0-21 (c, 0-2 in chloroform) and 0-08 (c, 0-25 in chloroform) respectively. 

The Chain Length of Methylated Cellulose V.i—The purified material (100 g.) was hydrolysed 
by heating with the mixture of glacial acetic acid and 8% hydrochloric acid as described 
previously. The subsequent extraction, glucoside formation, and removal of levulic ester 
were carried out as in the case of methylated cellulose IV. Distillation of the purified glucoside 
fraction A proceeded as follows : 


inant: «5:3 spices oi baa be dndinckinné la 2a 3a 4a 
IS iin aviskitsciahihliiiinnnndle 112° 112—115° 115—120° 120° 

Weight (g.) .......ccccccsscseeceeeecee 0190 0-384 0-882 1-600 
= 1-4460 1-4467 1-4528 1-4555 


n PTIeTISTITi TTT tit 
OMe, De. ceicnesovces serevscescsdsciae™, CBE 57-5 54-0 50-4 
Fractions la, 2a, and 3a contain respectively 0-15, 0-28, and 0-20 g.—a total of 0-63 g. This 
yield corresponds, after correction, to a chain length of 170 glucose units for methylated 
cellulose V. 
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The figures given by Haworth and Machemer correspond, after the correction of Averill and 
Peat (loc. cit.) is applied, to a chain length of 190 glucose units for the methylated cellulose 
prepared by the former authors. 





Section II. The Methylation of Long-staple Cotton. 


The source of cellulose was long-staple Egyptian cotton sliver which we obtained by courtesy 
of Sir Robert Pickard of the Shirley Institute. The sliver was chemically untreated and had 
been air-dried. 

The Cold Methylation of Cotton Sliver in the Absence of Air.—The sliver (15 g.), cut into 
lengths of 4 inch, was kneaded under 30% sodium hydroxide solution until the air had been 
expelled from it. A large excess of 30% sodium hydroxide solution (1-5 1.) was then added, 
and the mixture stirred (gas-tight stirring gland) in a current of nitrogen for 4—5 hours at room 
temperature. A mixture of methyl sulphate (150 c.c.) and dioxan (150 c.c.) was now added 
slowly, and the stirring continued for 12 hours. The fibrous product was separated on a copper 
sieve and washed with cold water, and the excess of water removed by squeezing. The material 
was then submitted to a repetition of the methylation process under the same conditions. It 
was found advisable after two such treatments to combine two 15 g. lots and to soak the partially 
methylated product in dioxan before continuing the methylation. The methylation process 
was repeated five times (all at room temperature and in nitrogen), and the product washed 
first with cold water and then with hot. The water was removed by washing with acetone, and 
the product dried in a vacuum at 60°. The methylated cellulose so obtained retained a fibrous 
structure. After each methylation, a sample of the product was removed for analysis and 
purified by solution in boiling chloroform and precipitated by the addition of light petroleum. 
There was a progressive increase in the solubility of the product in chloroform as methylation 
proceeded. 


Number of methylations .............0ecsesseceeees 1 2 3 + 5 
% Soluble in chloroform .... nemaatiie 50 65 75 80 85 
OMe, % (chloroform-soluble fraction) pranenons 41-7 42-8 43-3 43-3 43-4 
*A pparent chain length of chloroform-soluble 

fraction (in glucose units) ..... seeeee 6340 5280 4900 4630 4250 


* From the viscosity in O- 1% ainseiatn solution, using the Staudinger equation. 
+ The chloroform-insoluble fraction had OMe, 12%. 


The methoxyl content was not increased by extending the number of methylations at room 
temperature beyond five; thus, one sample (15 g.) of sliver was further methylated with the 
following results : 

Bhatia BAGO occ cesses icccccccsccscrsenetsncseccoeseoes” | BED 5th 7th 9th I1lth 13th 15th 
*OMe, % .. -. «©. 41-1 43-7 43-5 42-3 42-4 42-1 42-1 
*Apparent chain length ‘by viscosity "(units) .. 5000 3400 2700 2200 2800 3200 3200 
* Refers to dietmnatiehin fraction. 


No useful purpose could therefore be served by continuing the methylation at room temperature 
beyond five repetitions. 

In all, 450 g. of cotton sliver were converted, by five methylations in the manner described, 
into a methylated product (454 g.) which will be described in this paper as methyl cellulose VI. 

Further Methylation of Methyl Cellulose VI at 60° in Aiy.—The sample of cotton sliver which 
had received 15 methylation treatments at room temperature in nitrogen was now further 
treated (in dioxan) with methyl sulphate and 30% sodium hydroxide solution, added simul- 
taneously during 3 hours. The temperature was maintained at 60° and no precautions were 
taken to exclude air. At the end of each methylation, the reaction was completed and the 
dioxan removed by raising the temperature to 95—100° for 4} hour. The product was quite 
insoluble in hot water.and was filtered off and washed. The process at 60° was then repeated. 
There was a progressive fall in the viscosity of the product in peace solution, accompanying 
an increase in the methoxyl content. 


ee eee ee ae 16th 18th 20th 22nd 
(1st hot) 

*OMe, % ...... aeeeren 42-1 43-8 44-2 44-5 44-6 

tApparent chain length (glucose units) .. odatwiles 3200 2700 1250 800 840 


* Of chloroform-soluble fraction. 
+ From the viscosity of a 0-09% solution in chloroform. 
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In view of these results, a part (160 g.) of methyl cellulose VI was five times methylated in 
dioxan solution at 60°. The product (165 g.) was exhaustively extracted with boiling chloroform 
and, after filtration through a small pad of cotton wool, the chloroform-soluble portion (95%) 
was precipitated by addition of light petroleum. This product will be referred to as methyl 
cellulose VII; it had methoxyl content 446%, and molecular weight corresponding (by 
viscosity measurement extrapolated to zero concentration in chloroform) to 490 glucose units 
and by osmotic pressure measurement to 390 units (Carter, Chambers, and Haworth, to be 
published). 

Purification and Fractionation of Methyl Cellulose VI.—Purification by solution in chloroform 
and filtration was extremely slow because of the high viscosity of the solution and the gel 
structure of the insoluble residue. The combined filtrates were concentrated to a thick syrup, 
which was converted by the addition of light petroleum into a jelly-like mass, The latter was 
triturated under light petroleum until it hardened to a white solid, which was finally dried in a 
vacuum at 50° (Found : OMe, 43-4%; 2° 1-9 in 0-06% solution in m-cresol; yield, 86%). 

A part of this material (10 g.) was dissolved in chloroform (11.), diluted with alcohol (500 c.c.), 
and precipitated by the addition of light petroleum (8 1. in all). Three fractions were thus 
separated and these had x,)./c values in 0-1% solution in chloroform of 3-33, 3-04 and 1-72. 
No fraction was encountered of shorter chain length. 

Hydrolysis of Methyl Cellulose VI.—The purified material (180 g.) was heated at 90° for 
4 hours with glacial acetic acid (1800 c.c.). To the semi-solid mass so produced was added 
10% hydrochloric acid (1800 c.c.), and the heating continued until the rotation of the solution 
was constant (8 hours). Subsequent extraction was carried out in the usual way and the 
glucoside fraction A (16-3 g.) was distilled into a Widmer flask, from which it was then slowly 
redistilled at 0-01 mm. pressure, as follows : 


PURER? ri veBi Chins db ecicWevet la 2a 3a 4a 5a 
Bath temp. ............cesseseeeeeseeeeee = 75-—-80° — 90-—120° 120° 120—123° 123° 
Weight (g.) .........cscrcccssscesssteoes, 291 0-051 0-452 1-281 3-039 
Sa 1-4590 1-4568 1-4568 1-4568 
Rs les sino skaieneyenhlndy donepearetieatin a 42-0 51-0 or 


Fractions 3a, 4a, and 5a consist entirely of trimethyl methylglucoside, fraction 2a consists of 
this glucoside with a little of the substance of fraction la. No tetramethyl methylglucoside 
could be detected. Fraction la was shown to be methyl levulate (Calc. for C,H,,O,: OMe, 
23-8%). It was optically inactive and the product of alkaline hydrolysis contained no methoxyl. 
With sodium nitroprusside in dilute alkali solution, the ester gave an orange colour, changing 
to pink when acidified with acetic acid. The equivalent (estimated by treatment at 60° for 
1 hour with 0-01n-sodium hydroxide) was 134 (Calc. for C,H,,0,: equiv., 130). 

Phenylhydrazine in alcohol-acetic acid gave a product which separated from absolute 
alcohol in colourless needles, m. p. 103°. Lzvulic ester phenylhydrazone has m. p. 105—106°. 

Hydrolysis of Methyl Cellulose VII.—The hot-methylated cotton (purified by solution in 
chloroform; 180 g.) was hydrolysed, and the appropriate fraction (fraction A) of the products 
converted into glucosides by an exact repetition of the process already described in section I 
(Cellulose III). The glucosides were separated by distillation at 0-01 mm. pressure into the 
following fractions. 


FMCEIOM 1 cicies oi sicnd ocesasicdidscs sce la 2a 3a 4a 

Weight (g.) ...cccccccecsscceeessseeeee 0386 0-623 1-076 0-650 

ONE s idssssareistasecccnridivivnronss 1-4231 1-4556 1-4562 1-4566 

Oe, %, « pncesrpenaysdeccovagecsechsnes: ) Se 48-0 50-1 50-0 
Fraction la was methyl levulate. Again no tetramethyl methylglucoside is present in detect- 
able amount. 

Hot Methylation of Raw Cotton in Aiy.—For comparison with the similar methylation of 
linters (see section III) and with the preparation of methylated celluloses VI and VII, long-staple 
Egyptian cotton was directly methylated in air, three times at 40°, followed by five times at 
55°. Apart from the fact that no effort was made to exclude air, the methylation was conducted 
as described under celluloses VI and VII. The product, methylated cellulose VIII, purified by 
solution in chloroform and precipitation by the addition of light petroleum, had OMe 44-5%. 

The Chain Length of Methylated Cellulose VIII.—The material (94 g.) was hydrolysed by the 
standard procedure, a mixture of glacial acetic acid and 8% hydrochloric acid being used. 
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Fraction A of the hydrolysate after conversion into the glucosides was distilled at 0-02—0-03 mm. 
Hg as follows : 








Ce a Sra la 2a 3a 

NE BOM, otcce stusiginnnedotedaions 100° 120—123° 123—133° 133° 

WEEE, BED. cescesenecnscienecsiaverees. - Sn 0-358 0-412 1-702 

ea lg 1-4450 (17°) 1-4539 (17°) 1-4563 
— 61-0 53-0 52-1 


RN ih ha Laiili cb cbicsitidaiedan 


Fractions 2a and 3a contained respectively 0-358 and 0-300 g. of tetramethyl methylglucoside. 
Thus, from 94 g. of methylated cellulose VIII there was obtained 0-66 g. of tetramethyl methyl- 
glucoside, a yield which, after correction, corresponds to a chain length of 152 glucose units. 


Section III. The Direct Methylation of Cotton Linters. 


The cellulose used in these experiments was cotton linters identical with that employed 
in the work described in section I. Again, the term “ cellulose’ used here will refer to this 
commercial cotton linters. 

The Cold Methylation of Cellulose in the Absence of Air.—Cotton linters (15 g.) was stirred 
with 30% sodium hydroxide solution (1500 c.c.) for 4 hours in an atmosphere of nitrogen and 
thereafter a solution of methyl sulphate (150 c.c.) in dioxan (150 c.c.) was slowly added. The 
mixture was stirred continuously for 12 hours, a slow stream of nitrogen being bubbled through 
the solution. The whole process was conducted at room temperature. The insoluble fibrous 
product was filtered off through a copper sieve, washed with water, and squeezed dry by hand 
pressure. It was prepared for a second treatment with the methylating agents by soaking it 
in dioxan and kneading under sodium hydroxide solution. Subsequent methylations were 
conducted in exactly the same manner as the first. After five such treatments, the fibrous 
product was filtered off and well washed with cold water, soaked in hot dilute sodium hydroxide 
solution (to remove methyl sulphate), washed again with hot water and acetone, and finally 
dried in a vacuum at 50°. 240 G. of cotton linters, methylated in the cold in this manner, 
yielded 180 g. of methylated cellulose. The course of the methylation was followed by removing 
samples after each treatment for methoxyl estimation : 


No. of methylations .................. 1 2 3 + 5 
ORNS, GG . crctisrcocveindiccddccresicte ee” GO 5-8 21-8 37-0 41-4 


The product after five methylations was only partly soluble in boiling chloroform. The soluble 
portion (60 g.) had OMe, 44-3% and specific viscosity corresponding to a chain length of 375 
glucose units. The insoluble portion, which was in gel form, was separated by filtration through 
cotton wool, freed from chloroform at 60° under diminished pressure, and submitted to five 
further treatments with the methylating agents in the cold and in the absence of air. In this 
way, 105 g. of chloroform-soluble methylated cellulose were obtained from 240 g. of cotton 
linters. This material (methyl cellulose IX) showed OMe, 44-6% and 7° 1-2 (0-2% solution 
in m-cresol). 

Hydrolysis of the Chlovoform-soluble Methylated Cellulose IX.—The material (100 g.) was 
shaken with glacial acetic acid (1 1.), kept overnight, and then mixed with 8% hydrochloric acid 
(11.). The mixture was maintained at 90—95° for 7 hours; the mineral acid was then neutral- 
ised with barium carbonate (250 g.), the solution taken to dryness, and the residue extracted 
ten times with chloroform. The extract (10 1.) was concentrated to dryness. Yield of sugars, 
105g. This product was dissolved in water (700 c.c.) and extracted fifteen times with chloroform. 
The chloroform extract (1000 c.c.), called A, in conformity with the usage in the previous 
sections, was taken to dryness, and the extracted sugars converted into the glucosides by boiling 
with a 2% solution of hydrogen chloride in methyl alcohol. It was obvious from the previous 
work that the tetramethyl glucose, if any, would be present in this fraction. The glucosides 
(9-7 g.), isolated in the usual way, were fractionally distilled at 0-02 mm. pressure, giving the 
following fractions : 


Fraction. Bath temp. Weight (g.). ny . OMe, %. 
la 115° 0-155 1-4545 50-4 
2a 115 0-428 1-4550 51-6 





Fraction 2a was pure trimethyl methylglucoside and fraction la consisted of this glucoside 
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containing a little methyl levulate. Tetramethyl methylglucoside (n?” 1-4430; OMe, 62-0%) 
was definitely absent from both fractions. 

The Hot Methylation of Cotton Linters in the Presence of Aiy.—Cellulose (15 g.) was stirred 
into 30% sodium hydroxide solution (1 1.) and allowed to stand overnight. Dioxan (200 c.c.) 
was then added, and the mixture treated at 40° with methyl] sulphate (200 c.c.) in tenth quantities 
at 20-minute intervals. After the last addition, stirring was continued at 40° for 1 hour; 
thereafter boiling water was added, and the temperature maintained at 95—100° for } hour. 
The insoluble product was filtered off and washed with hot water. This product was subjected 
to further methylation by the addition of dioxan (300 c.c.), followed by 30% sodium hydroxide 
solution (800 c.c.), keeping overnight, and, after the addition of acetone (300 c.c.), treatment 
of the emulsion so formed with methyl sulphate at 40° in the manner described above. The 
cellulose was submitted to four such treatments at 40°, and the product to two further methyl- 
ations at 55°. The final product was washed with hot water and acetone and dried in a vacuum 
at 70°. From 360 g. of cotton linters there were obtained 374 g. of methylated cellulose which 
was almost completely soluble in chloroform. Methylation occurred more rapidly than in the 
cold process, the methoxyl content after 1, 2, 3, and 4 treatments being 14-0, 36-1, 41-4, and 
42-5% respectively (estimated on the chloroform-soluble portion in all cases except the first). 
There was a progressive fali during methylation in the viscosity values in chloroform. 

The methylated cellulose (180 g.) was tested for homogeneity by solution in chloroform 
and fractional precipitation by the addition of light petroleum. The following fractions were 
separated : 


I ids ince vetntkinetthoewdid asanameed 2 3 


Weight (g.) i eaathall cade taliientals 19 127 2 
0-150 0-140 -030 


Bkie, % ee corer re ae — 44-0 
Hydrolysis of the Methylated Cellulose X.—Fractions 2 and 3 together (140 g.) were dissolved 
in glacial acetic acid (1400 c.c.), mixed with 8% hydrochloric acid (1400 c.c.), and maintained at 


95° for 9 hours. The hydrolysis products were extracted and converted into the glucosides by 
a process identical with that described under cellulose IX. Systematic fractional distillation 


at 0-01 mm. pressure yielded the following products : 


EE eiesinncnnseccecses dhnaciarubuns la, 2a, 3a, lb, 2a, 
Be CONES onc cp ccccscscncecsicccesnccce SEE EE 115—125° 125° 115—130° 130° 
SE ORT ey 1-598 5-290 0-645 1-380 

OE abecciid idisina MAINA, 2 1-4462 1-4555 1-4570 1-4532 1-4570 
GR SH site dissde ci Ktilen cisions! Ree 52-6 51-0 55-0 51-1 
From these figures it was estimated that fractions la,, 2a,, and la, contained respectively 
0-414 g., 0-222 g., and 0-230 g. of tetramethyl methylglucoside. Methyl levulate was absent 
from all fractions, 

The yield of tetramethyl methylglucoside from 140 g. of methylated cellulose was thus 
0-87 g., which, corrected for experimental loss, corresponds to a chain length of 171 units. 

The Hot Methylation of Cotton Linters in the Absence of Air. Methylated Cellulose XI.— 
Sodium hydroxide solution was freed from oxygen by bubbling through it oxygen-free nitrogen 
for 1 hour before use. Dioxan was purified by leaving this solvent in contact with solid ferrous 
sulphate for several days. 

Cotton linters (15 g.) was soaked in water to remove air bubbles, squeezed out, and soaked in 
30% sodium hydroxide solution for 12 hours. Dioxan (200 c.c.) was then added, the temper- 
ature raised to 40°, and methyl sulphate (200 c.c.) added slowly during 3 hours. During the 
process of soaking and methylation a continual stream of nitrogen (washed in alkaline pyro- 
gallol) was passed through the mixture. Hot water (1} 1.) was now added, the temperature 
raised to 95—100° for $ hour, and the methylated product then filtered off and washed with warm 
water. The cellulose was treated six times in all with the methylating agents, the first three 
methylations being conducted at 40°, the final three at 55°. After the second methylation, 
acetone was added in addition to dioxan. Yield, 133 g. from 120 g. of cotton linters. The 
methylated cellulose (dried at 45° in a vacuum) had OMe, 41-2% and was incompletely soluble 
in chloroform. Purification was effected by extraction with boiling chloroform (4 1. to 30 g.). 
The extract, filtered through cloth and concentrated, was precipitated by the addition of light 
petroleum. Yield, 75 g. of chloroform-soluble methyl cellulose XI (Found: OMe, 43-0%). 





1896 Haworth, Hirst, Owen, Peat, and Averill : 


A portion (4 g.) was fractionated by solution in chloroform and precipitation with light petroleum 
as follows : 
Fraction. Weight (g.). ne .* 
A 2-4 0-99 
B 1-2 0-54 
* 0-1Y% solution in chloroform. 


Obviously the material is not physically homogeneous. 

Hydrolysis of the Methylated Cellulose XI.—The hydrolysis with glacial acetic acid and 8% 
hydrochloric acid, the isolation of the methylated sugar, and the conversion into the glucosides 
were carried out under the same conditions as obtained in the previous experiments. The 
lower-boiling glucoside fraction A (which would contain any tetramethyl methylglucoside 
formed) was fractionally distilled at 0-03 mm. as follows : 


BRAGHOR ope cesicin css cocvce ccs ccavssvensessse la 2a 3a 
Biatha: CAMP... 000 ose ccs see scccedsesvpsvessecess 125° 125—127° 
Weight (§.) .--..-seeesereeereeerereeee ene ens 0-208 0-660 

oeecsos ‘ 1-4535 1-4555 
em >. 51-6 _ 


20 
Np TOeT Terre I err err er rer rerr err er err erie 


Fractions 2a and 3a consist of pure trimethyl methylglucoside; fraction la may contain besides 
a little methyl levulate and tetramethyl methylglucoside. Consideration of the refractive 
index of this fraction in conjunction with its methoxyl content indicates that, if tetramethyl 
methylglucoside is present at all, its amount cannot exceed 20—30 mg. This amount obtained 
from 70 g. of methylated cellulose corresponds to a chain length for the latter of over 2000 
glucose units. 

Methylated Cellulose XII.—It has been shown that raw cotton, on methylation and hydro- 
lysis, yields no end-group if the preliminary stages of methylation are conducted in the cold 
and with the exclusion of air (see methylated celluloses VI and VII). The effect of preliminary 
methylation in the absence of air at a higher temperature was now investigated, linters being 
used as the source of cellulose. 

Cotton linters (120 g.) in batches of 20 g. was methylated three times at 40° under the 
standard conditions for methylation in the absence of air. The product was mixed, redivided 
into six portions, and each portion submitted to three further methylation treatments at 55° 
in the presence of air. The solvent in each case was a mixture of acetone and dioxan. The 
product of six methylations (155 g.) was dissolved in chloroform (1500 c.c.) and treated with 
light petroleum (51.). The precipitate (48 g.) was removed in the centrifuge, and the super- 
natant liquor mixed with light petroleum (4 1.). A second fraction (103 g.) of methylated 
cellulose XII was thus obtained which showed OMe, 44-0% and 7p), /c 0-25 (c, 0-15 in chloroform). 
A small portion (0-5 g.) of the latter was separated into two fractions (0-3 and 0-15 g.) by 
precipitation from chloroform solution. These fractions showed »,p, /c 0-28 and 0-22 respectively. 

The Chain Length of Methylated Cellulose XII.—The material (98 g.) was hydrolysed with a 
mixture of glacial acetic acid and 8% hydrochloric acid, and the products extracted by the 
usual procedure. Distillation of the glucosides of fraction A at 0-04 mm. proceeded as follows : 


pO RR a oom la 2a 3a 4a 
Bath temp. ......ccccccccccccccccecee, LIO—190°  190—135° 135° 135° 
WHEE GED crcatectectenusacas See 0-252 0-427 0-820 
" ggeeReRky al ie, 1-4445 1-4558 1-4568 1-4570 
51-0 51-5 51-5 


Tetramethyl methylglucoside is apparently absent from all fractions. However, since the 
methyl levulate (responsible for the low methoxyl content of fraction la) may have masked the 
presence of a small amount of tetramethyl methylglucoside, it was considered advisable to remove 
the former. Accordingly, fractions la—4a were combined, dissolved in water, and warmed at 
65° with a saturated solution of barium hydroxide (5 c.c.) for 1 hour. Thereafter, the solution 
was neutralised with carbon dioxide and evaporated to dryness and the glucosides were extracted 
from the residue with chloroform-ether. Redistillation of the glucosides from a Widmer flask 
at 0-02 mm. gave the following fractions : 

Fraction. Bath temp. Weight (g.). ne . OMe, %. 


1 120° 0-150 1-4530 52-8 
2 120—125 0-424 1-4550 51-5 
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It is evident from these figures that fraction 1 contains a trace of tetramethyl methylglucoside. 
This is computed to be 0-03 g., an amount within the experimental error of the method. 
Without correction, this yield corresponds to a chain length of 4000. 

Methylated Cellulose XIII.—The inference from the experiment just described is that the 
normal methylation of an end group in cellulose which takes place in the presence of air may not 
occur if the preliminary methylation is carried out in a nitrogen atmosphere. To investigate 
this point further, cotton linters (40 g.) was methylated three times at 40° and once at 55° in an 
atmosphere of nitrogen. The product was divided into two portions (A) and (B), each of which 
was submitted to further methylation at 50—55° in the presence of air. In the case of (A) the 
whole of the appropriate amount of 30% sodium hydroxide solution was added at the beginning 
of each methylation, whereas in the case of (B), the alkali and the methyl sulphate were added 
simultaneously in ten aliquot parts. The effect of this difference in conditions of methylation 
on the molecular size of the product is shown in the following table : 


No. of methylations in air .............0000- 7 10 15 
Sample LA). unde, -sexnsscoceeyeoseessbese corres OOBD 0-250 0-145 
ee i pee — 0-330 0-245 

The method of methylation to which (A) had been submitted was now utilised for the 
conversion of linters (120 g.) into methylated cellulose XIII, which was obtained after four 
methylations in a nitrogen atmosphere, followed by sixteen methylations in air. The product 
(125 g.), after purification by precipitation from a filtered chloroform solution by the addition 
of light petroleum, had OMe, 45:0%; 7gp,/c 0-175 (c, 0-2 in chloroform) and [a] 2" — 18° (c,1-0 
in benzene). A small sample was separated into two fractions (0-3 and 0-14 g.), which showed 
Nsp./¢ 0-21 and 0-14 (c, 0-24 in chloroform) respectively. 

Chain Length of Methylated Cellulose XIII.—The material (60 g.) was hydrolysed, and the 
products extracted, under the standard conditions. The two extracts A, and A, were separately 
converted into the glucosides, and the latter freed from methyl levulate by treatment with 
barium hydroxide solution (see under methylated cellulose IV). Fractior. A, was distilled at 
0-01 mm. as follows : 

Fraction. Bath temp. Weight (g.). nv. OMe, %. 
la 115° 0-156 1-4470 58-0 
2a 116 0-650 1-4541 53-1 
At this point fraction A, was added, and the distillation continued. 


3a 116—118 0-525 1-4554 52-7 
4a 118—125 0-970 1-4560 52-3 


Fractions la, 2a, and 3a contain respectively 0-12, 0-11, and 0-03 g. of tetramethyl methyl- 
glucoside, the total yield of which (0-26 g.) corresponds, after correction, to a chain length of 
240 glucose units. 

Prolonged Methylation of Linters in Air. Methylated Cellulose XIV.—A portion of methyl- 
ated cellulose X (which had been prepared by the methylation of linters six times in air) was 
now submitted to ten further treatments with the methylating agents at 55° under the conditions 
specified for methylation in air. Methylated cellulose XIV is thus the product of sixteen 
methylations of cotton linters in air. It was fractionated by precipitation from a chloroform 
solution; the main fraction (61 g.) had OMe, 44-3%. A small portion (0-5 g.) of the latter was 
further separated into three fractions (0-35, 0-10, 0-05 g.) by the same method. These fractions 
showed %pp, /¢ 0-51 (c, 0-5), 0°32 (c, 0-74), and 0-27 (c, 0-6) respectively in chloroform solution. 

Chain Length of Methylated Cellulose XIV.—Application of the standard procedure to the 
purified material (56 g.) gave the glucoside fraction A (7-2 g.), which after purification by 
treatment with barium hydroxide solution was distilled at 0-01 mm. as follows : 


URE x ccnnvotuncivoadcentidytuaul la 2a 3a 4a 
TAREE WIN: occscnts <hersesiciachcdan 120° 120—125° 125—140° 140° 
Weight (g.) ........s.e-scecsssseeeeeee 0286 0-257 1-162 0-656 
PE NTE EE 1-4442 1-4460 1-4522 1-4572 
CE in sth codterorertind ic scecccues | 57-2 53-4 61-4 


Fractions la, 2a, and 3a contain respectively 0-286, 0-221, and 0-447 g. of tetramethyl methyl- 
glucoside, the total yield of which (0-954 g.) corresponds, after correction, to a chain length of 
66 glucose units. 
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A Search for Oxidation Products——The whole of the hydrolytic products of methylated 
cellulose X were submitted to a careful investigation with the view to the separation of any 
acid products that might have been formed. 

The hydrolysis products remaining in aqueous solution after the extraction of the tetra- 
methyl glucose-containing fraction by means of chloroform extract A consisted chiefly of tri- 
and di-methyl glucoses and was partially crystalline. From this material (120 g.) 2:3: 6- 
trimethyl glucose was separated in crystalline form from a methyl alcohol-ether mixture. The 
syrup (60 g.) obtained on evaporation of the mother-liquors was dissolved in a little water and 
made alkaline by the addition of baryta, the excess of which was then removed by passing 
carbon dioxide. The solution, after filtration, was evaporated to dryness, and the residue 
extracted with chloroform (50 c.c.) and ether (300 c.c.) to remove the methylated sugars. The 
brown residue of barium salts was extracted twice with boiling ether and dissolved in water. 
A slight deficiency of N-sulphuric acid (4-5 c.c.) was added, the barium sulphate removed on the 
centrifuge, and the clear solution evaporated to dryness (a little acetic acid distilled with the 
water). The residual syrup was extracted with boiling ether (five times), the filtered extracts 
yielding, on evaporation, a reducing syrup (0-2 g.) which was acid in reaction. This material 
was distilled at (bath temp.) 100—115°/0-02 mm. The residue in the flask (0-1 g.) was reducing 
and non-acidic. The distillate (n\J" 1-4420), which crystallised completely, was levulic acid. 
It had m. p. 32°, was optically inactive and contained no methoxyl. Titration with standard 
alkali shows its equivalent to be 111 (calc., 116). Phenylhydrazine in acetic acid gave with the 
distillate a colourless phenylhydrazone, m. p. 109° (Found: N, 13-9. Calc. for C,,H,,0,N, : 
N, 13-6%). 

The barium salts residue was now examined. This was obtained originally when the acid 
hydrolysing agents (acetic and hydrochloric acids) were partly neutralised by barium carbonate 
and hence would consist chiefly of barium chloride and barium acetate. The residue, dissolved 
in water, was treated with excess of dilute sulphuric acid and, after filtration, the excess of the 
sulphuric acid and most of the hydrochloric acid were removed by the addition of lead carbonate. 
The solution was filtered, concentrated, and cooled to 0°, and lead chloride separated. Hydrogen 
sulphide was passed through the solution, the lead sulphide filtered off, and the solution aerated 
until free from hydrogen sulphide and treated with a slight excess of silver carbonate to remove 
the remaining chloride. It was necessary finally to remove colloidal silver by passing hydrogen 
sulphide in the presence of charcoal. The clear colourless filtrate was aerated and evaporated 
to dryness ina vacuum. The residue was a colourless glass (2 g.), which was acid to litmus and 
was optically active ([a]?” + 15° in mineral acid). It was reducing and had a large ash content 
in which were indications of sodium, calcium, and aluminium (probably derived from the lead 
carbonate). Further purification was effected by solution in dilute sulphuric acid and exhaustive 
extraction with chloroform. The extract yielded 50 mg. of a viscid syrup. The mineral acid 
was removed from the aqueous solution by the addition of baryta, the filtered solution taken to 
dryness, and the residue extracted with chloroform. In this way 0-55 g. of a viscous acid syrup 
was obtained and was added to the previous extract. The syrup, which was reducing, was 
exactly neutralised with baryta in aqueous solution. The neutral solution was evaporated to 
dryness, and the residue extracted five times with boiling ether. The final residue, dissolved 
in water, was treated with a slight deficiency of 0-1n-sulphuric acid, the acid solution taken to 
dryness, and the product extracted with boiling chloroform. The residue (0-2 g.) was a hard 
glass and had no acidic properties. The chloroform extract was a syrup (0°3 g.), which after 
distillation at 0-02 mm. pressure showed n}* 1-4410 and crystallised completely. It contained 
no methoxyl and appeared to be chiefly levulic acid (Found: equiv., 125. Calc.: equiv., 
116). Treatment of this acid with phenylhydrazine (2 mols.) at 100° yielded the phenylhydr- 
azide of levulic acid phenylhydrazone, m. p. 181° (Found: C, 68-7; H, 6-8; N, 18-9. Calc. 
for C,;,H,ON,: C, 68-9; H, 6-8; N, 18-9%). 


The authors are grateful to Sir Robert Pickard and the Shirley Institute for a supply of cotton 
sliver. They wish also to thank the Department of Scientific and Industrial Research for a 
grant for assistance. 


Tue A. E. Hitts LABORATORIES, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, August 2nd, 1939.] 
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391. Polysaccharides. Part XXXIV. The Methylation of Cellulose 
in an Inert Atmosphere. 


By W. N. Haworta, R. E. Montonna, and S. PEAT. 


Cellulose has been exhaustively methylated in an atmosphere from which oxygen 
was excluded. A progressive diminution of particle size of the methylated cellulose 
as the number of methylations is multiplied has been observed and the result of a 
chemical assay after fifteen such methylations is recorded. Crystalline tetramethyl 
glucose was identified as one of the products of hydrolysis and the proportion of this 
substance found corresponded to a minimum chain length of 700 glucose units for 
the methylated cellulose. The molecular weight of the cellulose determined osmo- 
metrically corresponded to 450 units. 


THE exhaustive methylation of cellulose in an atmosphere of nitrogen has been undertaken 
in order to discover (1) if a progressive diminution of the molecular size of the methylated 
cellulose is to be observed and (2) if an end-group, susceptible of chemical assay, becomes 
apparent after prolonged methylation in the absence of oxygen (cf. preceding paper). 

Cotton sliver was methylated thirty times in all and a sample was taken for analysis 
after each methylation. Each treatment with methyl sulphate and 30% sodium hydroxide 
solution was conducted in the absence of air and all subsidiary operations, such as washing 
and filtration, were carried out as rapidly as possible and in the cold so long as any alkali 
was in contact with the cellulose. Methylation of cellulose is a heterogeneous reaction and 
it is not possible, even with the most extreme care, exactly to reproduce all the conditions 
of reaction with each methylation. Estimations of methoxyl content, for instance, on the 
crude product indicate clearly that it is not homogeneously methylated. Furthermore, 
because of the fibrous character of the crude methylated cellulose, it is not possible to 
obtain a sample which is uniform in composition. This lack of homogeneity is emphasised 
when the proportion of a crude methylated product which is soluble in chloroform is 
considered. It may be taken that a methylated cellulose which contains less than 40% 
of methoxy] is insoluble in chloroform, so chloroform-solubility is to be regarded as a rough 
gauge of the degree of methylation. Reference to Table I shows that after even thirty 
methylations, about 7% of the product was incompletely methylated and insoluble in 
chloroform. To minimise this difficulty, all the observations on molecular size were made 
only on that part of each sample which was soluble in chloroform. In any one case, the 
chloroform-soluble fraction was uniform with respect to methoxyl content. 

These facts are to be borne in mind when the results of this investigation, given in 
Table I, are examined. If the viscosity of a 0-1% solution of the methylated cellulose in 
chloroform (col. 6) is taken as an index of particle size, it will be seen that there is a pro- 
gressive diminution of size as the number of methylations to which the cellulose is sub- 
mitted is increased. Table I shows that eventual complete disruption of the cellulose does 
not occur. The molecular weight tends towards a minimal value which corresponds to an 
apparent chain length of about 200 glucose units. This value is reached after 25—30 
methylations. 

A sample of cellulose (134 g.) which had been methylated fifteen times in nitrogen was 
now submitted to end-group assay. Two batches (64 g., 70 g.) of methylated cellulose 
were combined for this purpose. All the methylation treatments which the batches had 
undergone were as nearly as possible the same, yet the molecular sizes (determined osmo- 
metrically) were different (290 and 590 glucose units). The mean particle size of the com- 
bined batches was 450 by osmotic pressure measurement and this material yielded an amount 
of tetramethyl glucose which corresponded roughly to a chain length of 700 glucose units. 
It is necessary to point out that the proportion of tetramethyl glucose isolated was so small 
as to bring the figure 700 within the limits of experimental error. It is more accurate to 
state that tetramethyl glucose was undoubtedly present and the amount of it isolated 
corresponded to a minimum chain length of 700 glucose units. 

In a later summarising publication the results obtained here will be discussed and 
correlated with those of the preceding paper. 
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TABLE I. 


Methylation of Cotton in Nitrogen. 


Chloroform- Chloroform- 
9 soluble % soluble 


% 
No. of % Soluble fraction. No. of S Soluble fraction. 


methyl- OMe, nA, methyl- OMe, ae 
Batch. ations. crude. CHCl,. %OMe. ‘.)./c. Batch. ations. crude. CHCl,. %OMe. m../c. 
II 42-4, 38-1 40-0 42-1 2-33 I—II 7 40-5 : 40-7 0-76 
III 11-2 . 41-55 2-81 VII—xXI* 42-3 0-97 
VII 40-2 . 43-2 1-97 I—II 45-0 0-68 
II 0- . 42-6 1-70 III—IV 41-5 0-62 

— . 43-4 1-725 v—VI . 
— . 43-2 206 VII—XI 
— . 40-7 1-55 I—VI 
— 42-6 159 VII—XI 
1- 41-5 1-30 I—VI 
2- . 42-6 1-09 I—VI 
38-9 . 44-2 1-00 I—VI 


* This notation indicates that five batches (VII to XI) have been combined. 


+ Mol. wt. (in glucose units) by osmotic pressure, 290. 
» 590. 
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EXPERIMENTAL. 


Cellulose in the form of raw Egyptian cotton sliver was used in this investigation. ‘The 
sliver had been mechanically cleaned but had not had any chemical treatment. 

The sliver was cut into short lengths (}’’ lengths were found to be most suitable) and was 
methylated in 20 g. batches in a 3 1. stoppered flask provided with mechanical stirring and an 
arrangement for replacing the air in the flask by nitrogen. The cotton (20 g.) was manually 
kneaded in 30% sodium hydroxide solution (1 1.) until it was thoroughly wet and all air was 
expelled. The suspension was placed in the flask and kept for 4—5 hours at room temperature 
under a slow stream of nitrogen which had been washed with pyrogallol solution. The tem- 
perature was then raised to 40—45° and a mixture of methyl sulphate (200 c.c.) and dioxan 
(200 c.c.) was added at the rate of 2c.c. per minute. Stirring was continued for } hour after 
this addition and then boiling water (1200 c.c.) was added to the mixture. The dioxan was 
distilled off on the water-bath for 4 hour. After cooling, the product was collected on a filter 
consisting of two thicknesses of cloth and was washed free from mineral matter with boiling 
water (5 1.), followed by cold water (21.). After a sample [I (1)] of the product of one methyl- 
ation had been removed for analysis, the remainder was kneaded with dioxan (200 c.c.) and the 
treatment with methyl sulphate (200 c.c.) and 30% sodium hydroxide solution (1 1.) was re- 
peated. The alkali solution used throughout was made from caustic soda powder and tap water 
and the solution was gassed with washed nitrogen before use. 

After it had been given three methylations, batch I was combined with batch II, which had 
been similarly treated, and the combined product [referred to for convenience as I—II (3)] was 
submitted to further methylation as desired. 

Samples for Analysis —The methylation of cellulose is a heterogeneous reaction and sampling 
the fibrous product is attended with some difficulty. The accuracy of all analytical figures 
given must be considered with this difficulty in mind. Samples of about 1 g. were taken after 
each methylation. The sample was boiled with water (four times), washed with acetone, and 
dried in a vacuum at 100° for 6 hours. The methoxyl contents of the samples as prepared are 
given in col. 3 of Table I. Each dried sample was then extracted with chloroform (150—200 
parts) by boiling under reflux for 1—2 hours. After this period, the insoluble residue was 
removed by filtration, and an estimate made of the percentage of soluble material. These 
values are given incol.4o0fTableI. As filtration was slow, it is clear that these figures represent 
minimal values. 

A comparative estimation of the molecular size of the different samples was arrived at by the 
determination of the specific viscosity (ngp.) of solutions of equal concentrations (c = 1-0 g./l.) 
of the samples in chloroform, an Ostwald pipette at 20° being used. The ratio yg, /c is given in 
col. 6of Table I. In two selected examples, the molecular size of the sample has been determined 
osmotically. 

End-group Assay.—An estimate was made of the proportion of end-group present in a 
methylated cellulose which had been prepared by fifteen treatments with the methylating 
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agents under nitrogen. Two lots were available for this purpose, namely, the combined batches 
I—VI (64 g.) and combined batches VII—XI (70 g.). These two lots (each chloroform-soluble) 
were united and hydrolysed by treatment with glacial acetic acid-8% hydrochloric acid, and the 
mixture of methylated sugars so produced was converted into the mixed methylhexosides. 
Details of the procedure have been given in previous papers. The product was fractionally 
distilled from a Widmer flask at 0-006 mm.; the first two fractions showed the following 
properties :— 
Fraction. Weight (g.). on. % OMe. [a]p - 
1 1-065 1-4536 49-85 +16-4° 
2 0-915 1-4560 50:3 16-4 


It seemed possible from these figures that fraction I contained some methyl levulate. It was 
accordingly treated at 80° with barium hydroxide solution for 34 hours. The product, isolated 
in the usual way, was distilled at 0-02 mm. : 


Fraction. Weight (g.). ne. % OMe. 
la 0-088 1-4465 56-3 
2a 0-560 1-4550 51-6 


The tetramethyl 6-methylglucoside produced under these conditions has nj*° 1-4437, and the 
trimethyl «$-methylglucoside, »}*° 1-4573 (see Hirst and Young, J., 1938, 1249). On this basis, 
the weight of tetramethyl methylglucoside in fractions ha and 1b is 160 mg. and this quantity is 
derived from 134 g. of methylated cellulose. After correction for experimental loss (Averill and 
Peat, J., 1938, 1244) the yield of tetramethyl methylglucoside corresponds to a chain length of 
695 glucose units. The average particle size from the osmotic pressure determinations [see 
Table I under I—VI (15) and VII—XI (15)], when account is taken of the relative weights of the 
two batches, is 450 glucose units. 

The presence of end-group in this preparation was demonstrated inasmuch as hydrolysis of 
fraction la gave crystalline tetramethyl glucopyranose (30 mg.) which had m. p. 85° and [a«]}®* 
+ 80° (equilibrium value in water). 


The authors are grateful to Dr. L. N. Owen for valuable practical assistance. 


Tue A. E. Hitts LABORATORIES, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, August 2nd, 1939.] 
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By H. C. Carrincton, W. N. Haworta, E. L. Hirst, and M. STAceEy. 


Hydrocellulose in a powder form is shown to be constituted on the same plan as 
cellulose and to differ from the latter only in the number of glucose units constituting 
the chain molecule. End-group assay on the methylated hydrocellulose showed 
the average molecular size to correspond to a chain of about 70 glucose units. 


WHEN cellulose is submitted, in the cold, to the action of aqueous acids or of oxidising agents, 
a chemical modification of the substance occurs and this modification finds expression in a 
more or less complete loss of fibrous structure and in an increased susceptibility to the action 
of aqueous alkali. The generic name hydrocellulose is applied to the range of degraded 
products which result from the action of aqueous acids on cellulose, the term “ oxy- 
cellulose ’’ being employed to describe the products of oxidation. The simplest explanation 
of the loss of fibrous structure which cellulose suffers under the action of acids is that which 
postulates a partial breakdown of the cellulose chain with the production of molecules 
constituted on the same plan as cellulose but containing fewer glucose units. It seemed 
desirable to investigate hydrocellulose from this point of view and the results now com- 
municated substantiate the hypothesis that hydrocellulose is indeed the product of simple 
hydrolytic degradation of cellulose. 

Hydrocelluloses may be prepared representing varying degrees of hydrolysis of the 
original celiulose, so that the name covers materials ranging from those scarcely distinguish- 
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able in appearance from native cellulose to those which have lost all fibrous properties and 
are friable powders. The hydrocellulose employed in this work belonged to the latter class. 
It possessed slight reducing properties, was insoluble in water but was soluble to the extent 
of 30% in aqueous sodium hydroxide. No evidence could be obtained of the existence of 
carboxyl groups in the hydrocellulose. 

The method employed by Haworth and Machemer (J., 1932, 2270) for the determination 
of the molecular dimensions of cellulose has been applied, without modification, in the 
present case. An acetate of the hydrocellulose was simultaneously deacetylated and 
methylated in acetone solution by the addition of equivalent proportions of methyl sulphate 
and aqueous sodium hydroxide at 45—50°. Fractionation of the hydrocellulose acetate 
(which was prepared by the usual method employing chlorine and sulphur dioxide as 
catalysts) in acetone-ether-light petroleum revealed but little heterogeneity and this 
observation was supported by the properties of the methylated hydrocellulose, which was 
likewise separated into fractions by precipitation from chloroform solutions. The main 
fraction of the methylated compound (OMe, 45%) was hydrolysed in cold fuming hydro- 
chloric acid, the resultant mixture of sugars converted into the corresponding methyl 
glucosides, and these separated by fractional distillation ina vacuum. By this procedure 
100 g. of the methylated hydrocellulose yielded 1-62 g. (corrected for losses; see Haworth 
and Machemer, /oc. cit.) of tetramethyl methylglucoside. This value corresponds to a 
chain length for the hydrocellulose of 70 glucose units, a value which is lower than that 
calculated from the iodine number, namely, 95 units, and higher than the value calculated 
from the specific viscosity of the methyl hydrocellulose in m-cresol (Staudinger’s formula, 
using K, = 1 x 10°), namely, 54 units. Nevertheless, all three methods give values of the 


same order, that is, between 50 and 100 glucose units. 
The relationship which obviously exists between chain length and solubility in 


alkali is being studied. 
EXPERIMENTAL. 


Hydrocellulose.—The hydrocellulose used in this work was prepared by Imperial Chemical 
Industries Ltd. by the action of hydrochloric acid on cellulose. It was a fine white powder with 
slight reducing properties (iodine number, 1-3; copper number, 3-3). It gave a bright yellow 
colour with iodine. It was insoluble in water and extraction with boiling water (24 hours) 
or cold water (6 weeks) failed to remove any acidic or reducing material. The hydrocellulose 
was soluble to the extent of 30% in 15% aqueous sodium hydroxide, but the test for uronic acid 
residues was negative. 

Acetylation of Hydrocellulose—Hydrocellulose (20 g.) was slowly added to a mixture of 
glacial acetic acid (200 c.c.), containing chlorine, and acetic anhydride (100 c.c.) containing 
The mixture was stirred in a $1. bottle, and the temperature was not allowed 
to rise above 10°. After 4 hours most of the solid had dissolved and the mixture was then kept 
for 16 hours at room temperature. The solution, by this time mobile and slightly opalescent, 
was diluted to twice its volume with glacial acetic acid. The hydrocellulose acetate was pre- 
cipitated by passing the solution in a fine stream into tepid water with vigorous stirring. The 
white, finely divided solid was washed thoroughly with water, then with alcohol, and was dried 
The conditions of the reaction were those of Barnett (J. Soc. Chem. 


sulphur dioxide. 


in a vacuum at 40°. 


Ind., 1921, 40, 87). 
This product was not completely acetylated and was therefore reacetylated by treatment at 


40° for 16 hours with pyridine (200 c.c.) and acetic anhydride (200 c.c.). The acetate was 
precipitated, washed, and dried as before. It was purified by solution in chloroform containing 
5% of alcohol, and precipitation by light petroleum. The product was then a brittle white 
solid, which was quite stable when kept for long periods (yield, 32 g.). [«]}7g9 — 20° in chloro- 
form (c, 1-0). Iodine number, 0-6. Acetyl content, 43-2%. 

In order to determine whether this hydrocellulose acetate was homogeneous, a sample was 
subjected to fractionation. The acetate (22 g.) was stirred for 2 hours with cold acetone (500 
c.c.) and the mixture was then centrifuged. The portion insoluble in cold acetone (fraction I) 
became almost completely soluble at higher temperatures (45—50°). The acetate soluble in 
cold acetone was precipitated in two fractions (II and III) by the addition of ether and light 
petroleum to the acetone solution. The properties of the fractions are summarised in the 
following table. The viscosity measurements were carried out in m-cresol at 20° (c, 0-4 g. per 
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100 c.c.). The values for the molecular weight and the chain length were calculated from the 
formula used by Staudinger. 
Apparent Apparent chain 
Fraction. Weight,g. % Acetyl. [a]3ve0- na. =a. wt. “oo 
I 7 39-1 —19-0° 0-31 22,300 77 
II 3 44-0 — 20-0 0-25 18,000 63 
III ll 43-5 —21-2 0-27 19,500 68 


¢, 0-5 in chloroform containing 10% of alco.+ol. 


Methylated Hydrocellulose.—Hydrocellulose acetate (10 g.) was dissolved in warm acetone 
(200 c.c.) to form an opalescent solution. It was methylated at 45—50° with 30% caustic soda 
solution (320 c.c.) and methyl sulphate (120 c.c.). Three-tenths of the methylating agents 
were added at the beginning of the reaction in addition to sufficient alkali to effect deacetylation. 
The mixture was stirred vigorously for $ hour and then the remainder of the reagents was 
added slowly during 1 hour. The solution was finally heated at 80° until all the acetone had 
been driven off. The methylated product separated as a cream-coloured granular solid, which 
was collected on muslin and washed repeatedly with hot water. Yield, 6-3 g. The product 
was methylated seven times. By repetition of the process, 10 g. of acetate being used in each 
series of methylations, 100 g. of fully methylated hydrocellulose were collected. This material 
was extracted several times with boiling ether, which removed the yellow colour, and the product 
was now a white powder. It was fractionally precipitated from chloroform solution by light 
petroleum. The properties of the fractions obtained from 84 g. of methylated hydrocellulose 
are summarised below : 

[a] $70 in ‘i Apparent Apparent 
Fraction. Weight, g. M. p. CHCI, (c, 0-5). % OMe. Nep.-* mol. wt. chain length: 
I + 207—210° —5° 42-5 0-172 8,800 44 
II 5 205—210 —5 43-5 0-239 12,200 59 
III 60 209—212 —7 45-0 0-214 10,000 54 


* 0-02 g. in 5 c.c. of m-cresol at 20°. By Staudinger’s formula. 


Another fraction of 11 g. was recovered from the mother-liquors. Its properties were similar 
to those of fractions I, II, and III. Fraction III was not separable into portions having different 


properties (Found for fraction III: C, 52-75; H, 8-0. Calc. for C,H,,0;: C, 52-9; H, 7-9%). 

Hydrolysis of Methylated Hydrocellulose.—Methylated hydrocellulose (65 g.; properties as 
fraction III above) was powdered as finely as possible and added gradually to concentrated 
hydrochloric acid (300 c.c.), the mixture stirred and cooled to 0°, and hydrogen chloride passed 
into it until it was saturated. The methylated hydrocellulose gradually dissolved, giving 
a yellow, rather viscous syrup, which became mobile and somewhat darker in colour after 3 


days at 0°. The temperature was then raised to 15°, air was bubbled through the solution, and 
after addition of an equal volume of water the acid was neutralised with barium carbonate. 
The filtered solution was extracted six times with chlorofornr (200 c.c. for each extraction). 
The united chloroform extracts gave on evaporation a syrup (43 g.), which was boiled for 10 
hours with 2% methyl-alcoholic hydrogen chloride (1 1.). The solution was neutralised with 
silver carbonate and the methylated methylglucosides (A) were obtained by evaporation of the 
solution. 

The aqueous solution after extraction by chloroform was evaporated to dryness at 50° 
under diminished pressure. The solid residue was extracted thoroughly with boiling chloroform 
and the syrup (22 g.) obtained on removal of the extract was transformed into the methyl- 
glucoside as described above. This fraction is referred to as B. 

Fraction A. The mixed methylated methylglucosides were distilled from a Claisen flask 
into a small Widmer flask, and refractionated from the latter. The results are summarised 


below : 


Fraction. Weight, g. B. p. (bath temp.) /0-5 mm. q % OMe. 
A I 0-9 117—126° 1- 61-2 
A Il 0-3 120—125 1- 67-1 
A Ill 4-15 125—135 1- 52-0 
A IV 5-55 130—140 1- 52-1 


The remainder of the glucoside in this fraction (38 g.) was distilled directly from the Claisen 
flask, b p. 130—140°/0-5 mm., nj 1-4578. The still residue was negligible. 
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Fraction B. This portion was treated in a similar way, the following fractions being obtained 


on distillation through the Widmer column : 
19° 


Fraction. Weight, g. B. p. (bath temp.)/1 mm. Np . 
BI 0-3 135—137° 1-4576 
BII 4:0 137—140 1-4580 








The remainder (15 g.) was distilled directly from the Claisen flask, giving a main fraction, 
b. p. 135—140°, with ni®° 1-4574. There was a small residue (4-5 g.) which did not distil. This 
was boiled with 2% methyl-alcoholic hydrogen chloride and the product was isolated as before. 
Most of it distilled at 135—140°/0-5 mm. (bath temp.) and had n?° 1-4575. The final portion 
(0-8 g.) had b.p. 140—150°/0-5 mm. (bath temp.), »?° 1-4595, and probably contained some di- 
methyl methylglucoside (Found : OMe, 48-0%). The refractive indices and methoxyl contents 
of the fractions indicated that there was 0-9 g. of tetramethyl methylglucosides in fraction A I 
and 0-15 g. in fraction A II, i.e., 1-05 g. in all. The percentage yield of tetramethyl methyl- 
glucoside obtained on hydrolysis of methylated hydrocellulose is therefore 1-62. After correction 
for experimental losses (Haworth and Machemer, Joc. cit.) this corresponds to a chain length of 
67 glucose units. 

Isolation of Crystalline Tetramethyl Glucose from Fraction A I.—Fraction A I (0-5 g.) was 
boiled with 5% hydrochloric acid (30 c.c.) for 3 hours. The solution was neutralised with silver 
carbonate, and the filtrate was evaporated to dryness under diminished pressure at 50°. The 
product was extracted with ether and the extract on evaporation gave tetramethyl glucose 
(0-4 g.) which crystallised completely. After recrystallisation from light petroleum this had 
m. p. 88°, alone or when mixed with an authentic sample. 

Isolation of Trimethyl Glucose.—Trimethyl methylglucoside (38 g.) was boiled with 5% 
hydrochloric acid (400 c.c.) for 5 hours. The solution was neutralised with barium carbonate 
and the filtrate was evaporated to dryness under diminished pressure at 50°. The product was 
extracted with chloroform, and the extract gave on evaporation 2 : 3 : 6-trimethyl] glucose (27 g.) 
which crystallised completely. It was recrystallised from ether, and had m. p. 120° alone or 


mixed with an authentic sample. 


The authors are grateful to Imperial Chemical Industries Ltd. for a supply of hydrocellulose. 


Tue A. E. Hitts LABORATORIES, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM, 15. 
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By W. N. Haworth, S. Peat, and W. J. WILSON. 


A specimen of fibrous hydrocellulose was separated mechanically into fibre and 
powder. Each form gave more than 90% of crystalline glucose on acid hydrolysis. 
Acidic hydroxy] groups and uronic acid residues were shown to be absent from each form. 
End-group assay showed that the original hydrocellulose had an average chain length of 
120 glucose units and the fibrous portion a chain length of 200 units. The iodine 
number of the powder form corresponded to a chain length of 70 glucose units. 

The solubilities in alkali of fibrous and powder forms of hydrocellulose are compared 
with the solubilities of linters and of short-chain cellodextrins, 


THE hydrocellulose used in this investigation had retained the fibrous appearance of the 
original cotton. It was separable, however, by mechanical teasing into a friable white 
powder and a fibrous material indistinguishable by eye from cotton linters. The powder 
had a copper number of 5-4 and was comparable with the hydrocellulose (Cu No. 3-3) 
described in the preceding paper. The fibrous fraction had Cu No. 1-7 and the original 
hydrocellulose (the mixture of fibre and powder) had Cu No. 2-6. It is seen that the 
reducing power even of the fibre is much greater than that of cotton linters (Cu No. 0-23). 

The hydrocellulose was examined for enolic and carboxyl groups by treating the 
material with diazomethane in ethereal solution. The product contained no methoxyl, an 
indication that acidic hydroxyl groups are not present in hydrocellulose. The absence of 
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uronic acid groups was confirmed by the negative results of the application of two standard 
methods for the estimation of this group. 

Glucose was the sole product of the hydrolysis of the hydrocellulose with concentrated 
sulphuric acid in the cold. The yield of glucose (as crystalline sugar and crystalline 
methylglucoside) was 91% from the fibre and 92% from the powder. 

The hydrocellulose (mixture of powder and fibre) was submitted to direct methylation 
in the cold by treatment with methyl sulphate and 30% sodium hydroxide solution. After 
five such treatments a methylated hydrocellulose was obtained which was not homogeneous, 
being separable into fractions of different viscosity by precipitation from chloroform 
solution by the addition of light petroleum. The main fraction (representing 70% of the 
whole) had a methoxyl content of 45-5%. It was hydrolysed by means of a glacial acetic 
acid—hydrochloric acid mixture. The product of hydrolysis was converted into the 
corresponding glucosides and the latter mixture was fractionally distilled. The proportion 
of tetramethyl methylglucoside so separated corresponded to an average chain length for 
the hydrocellulose (main fraction) of 120 glucose units. 

The fibrous fraction of the hydrocellulose was now methylated by an identical process. 
The main fraction of this methylated derivative (representing 60% of the whole) had an 
apparent chain length of 200 glucose units as estimated by the end-group method. The 
amount of the powder fraction of the hydrocellulose available was insufficient for the 
application of the chemical method of assay. The iodine number of this material corres- 
ponded, however, to a chain length of about 70 glucose units. 

It seems clear from these experiments that hydrocellulose is simply a cellulose which 
has undergone degradation in the sense that hydrolysis of some glucosidic linkages has 
taken place under the influence of the mineral acid used in the preparation of the hydro- 
cellulose. The hydrocellulose is thus constituted of fragments of the original cellulose chain 
molecules, the essential structure of these fragments being the same as in the parent 
cellulose. The powder is a form in which the hydrolytic cleavage of the cellulose chains 
has proceeded further than it has in the fibrous hydrocellulose. It is obvious that each 
form (powder and fibre) is a mixture of chain molecules of different sizes. 

With this conception of the structure of hydrocellulose before us it is interesting to 
examine the effect of aqueous alkali. When cotton linters was boiled with 0-25n- 
or 2-5N-aqueous sodium hydroxide, only 3% of it was dissolved. With hydrocellulose, 
the solubility is very different. Aqueous alkali (0-25n) dissolves 40% of the powder and 
12% of the fibre. Aqueous alkali (2-5N) dissolves 60% of the powder and 20% of the fibre, 
It would seem that the solubility in alkali is inversely proportional to the length of the 
chain of glucose members. 

For comparison cellodextrins, of chain length shorter than that of the hydrocellulose 
used, were prepared by the acetolysis of cellulose. A cellodextrin with a chain length of 
12 units (Haworth and Machemer, J., 1932, 2372) was completely dissolved by boiling 
0-25n-sodium hydroxide solution and a dextrin of 18 units was soluble to the extent of 
96% in 0-25N-sodium hydroxide and completely soluble in 2-5n-alkali. 


EXPERIMENTAL. 


Properties of Hydrocellulose.—For the hydrocellulose (prepared by soaking cotton sliver in 
5% hydrochloric acid at room temperature; drying first at room temperature and then at 60° and 
afterwards washing successively with cold water, cold 0-1% aqueous sodium carbonate and cold 
water) we are indebted to Imperial Chemical Industries Ltd. The material, which retained 
the fibrous structure of the original cotton, was separated by mechanical teasing into (1) a fine 
white powder (ash, 5-5; moisture, 1-3%) and (2) fibre (ash, 0-20; moisture, 4.5%) containing 
very little of the powder form, having the copper numbers already recorded. 

Examination for Enolic and Uronic Acid Groups.—(a) Hydrocellulose was dried, immersed 
first in dry methyl alcohol, and then in dry ether containing diazomethane. After keeping in 
this solution for 2 days at — 10°, the hydrocellulose was collected, washed with methyl alcohol, 
and dried. The product contained no methoxyl, demonstrating the absence of enolic groups. 
(b) The hydrocellulose was quantitatively examined for uronic acid groups by the estimation of 
carbon dioxide evolved on boiling with 12% hydrochloric acid and by the estimation of furfur- 
aldehyde produced under the same conditions. Uronic acid groups were absent. 

61 
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The Action of Aqueous Alkali on Hydrocellulose.—The loss in weight suffered by the two 
fractions of hydrocellulose (fibre and powder) and by cotton linters on boiling with water, 
0-25n-sodium hydroxide, and 2-5n-sodium hydroxide was determined by treating the materials 
(in 1 g. lots) with 100 c.c. of the solvent for 1—6 hours. The results are tabulated as % loss in 


weight of the original material : 


Time of boiling (hrs.) 

Hydrocellulose powder ............+++. 
Hydrocellulose fibre ............+.+ee0++ 
Corttonn Limbs 600100000 ccc ccecovccvees sendee 


0-25N-Sodium Hydroxide. 
Time of boiling (hrs.) 1 2 
Hydrocellulose powder ..........seseeeeeeeeees 34-6 


Hydrocellulose fibre 9-0 10-5 
Cotton linters 2-4 


1-2n-Sodium Hydroxide. 


Time of boiling Cats.) .: cccgecpecohvoomepsqeeee, . A 2 
Hydrocellulose powder .........sceeceeeeeseeee 42°5 43-1 
Hydrocellulose fibre 12-6 


2-5N-Sodium Hydroxide. 


Time of boiling (hrs.) — ..........secseceeeeeeee 2 
Hydrocellulose powder ..........sesseeeeeeeeee & 57- 
Hydrocellulose fibre ..........cccccccccccccccee 16- 
Cotton LmGers 600 ccccevcrsccessocccspscodpesvey ete : 2: 


5 
. 7- 
> 6- 


2 


The copper number of the hydrocellulose fibre remaining after alkali extraction was determined 
in each case : 


1-38 


Tiene of boiling: (ne8.). is ice ccccisdecccdassbee 1 3 4 
“3 ; 0-29 
| 
| 


aT ES 1-86 -56 
34 
3 


0-25n-NaOH 0-45 : 0- 
‘ 0- 


0-18 


BIMIUIIES ole dedccssecccavessisteconssncdsacseate "SED 
0-13 


B-Bet- NOONE 62.0000 cds ssc escdSithitceitoceceessccser sO ; 0-14 


Acid Hydrolysis of Hydrocellulose—The method of Monier-Williams (J., 1921, 119, 803) was 
applied to the two hydrocellulose fractions (fibre and powder). The material (5 g.) was kept in 
contact with 72% sulphuric acid (25 c.c.) for 7 days at room temperature; water (2500 c.c.) 
was then added, and the solution boiled for 15 hours. The residue after neutralisation with 
barium carbonate and evaporation to dryness was exhaustively extracted with boiling methyl 
alcohol and the extract, after decoloration with charcoal, was evaporated to dryness under 
diminished pressure. Crystalline glucose was separated, and the remaining syrup converted by 
boiling with 2% methyl-alcoholic hydrogen chloride for 7 hours into the crystalline methyl- 
glucoside. The yield of glucose was calculated on the combined yields of crystalline glucose and 
crystalline methylglucoside. From 4-321 g. of hydrocellulose powder (corrected for ash and 
moisture) 4-80 g. of glucose were obtained (92%) and from 4-71 g. (corrected) of hydrocellulose 
fibre, 5-23 g. of glucose (91-4%). 

Acetylation.—After treatment of the original hydrocellulose with pyridine and acetic anhy- 
dride at 60° for 3 weeks, the product contained only 9-6% of acetyl. Acetylation of both the 
fibre and the powder fraction was however achieved when treatment with acetic anhydride and 
acetic acid containing sulphur dioxide and chlorine under the usual conditions was applied. The 
acetylated hydrocellulose fibre contained acetyl 44-5, moisture 3-8, ash 0-15% and showed 
[a]?° —19-8° in chloroform (c, 4-5). The acetylated hydrocellulose powder, obtained in 91% 
yield, contained acetyl 43-0, moisture 4-5, ash 0-4% and showed [«]?” —19-6° in chloroform 
(c, 3-2). The apparent chain length by viscosity measurement in m-cresol (Kj, 10-*) was 98 
glucose units for the fibre and 65 units for the powder. The iodine value of the latter corres- 
ponded to 73 units. 

Chain Length of Hydrocellulose by the End-group Method.—(a) The original hydrocellulose 
(mixture of fibre and powder). Hydrocellulose (15 g.) was stirred with 30% sodium hydroxide 
solution (1500 c.c.) for 4 hours, a solution of methyl sulphate (150 c.c.) in dioxan (150 c.c.) 
then added, and the mixture stirred at room temperature for 12 hours, Following a further 
addition of the same quantity of methyl sulphate in dioxan and stirring for12 hours, the fibrous 
product was collected on a copper sieve and washed with cold water. The product was combined 
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with a second batch and submitted to further methylation under the same conditions. After 
the second methylation the product was soluble in dioxan. The product after five such methyl- 
ations in the cold was boiled with dilute sodium hydroxide solution (to remove methyl sulphate), 
washed with hot water, and dried. In this way, 160 g. of hydrocellulose (dry wt. 134 g.) gave 
134 g. of methylated derivative. This derivative was separated into three fractions by pre- 
cipitation from a chloroform solution by light petroleum. The main fraction (94 g.) contained 
45-5% of methoxyl and the viscosity of a solution in m-cresol corresponded to an apparent 
chain length of 147 glucose units. 

The main fraction (91 g.) was hydrolysed by treatment with glacial acetic acid (900 c.c.) and 
6% hydrochloric acid (900 c.c.) at 90—95° for 10 hours. The cooled solution was neutralised (to 
Congo-red) with barium carbonate (250 g.) and evaporated to dryness. The residue was 
extracted ten times with chloroform (10 1. in all), the extract evaporated to dryness, the syrupy 
residue dissolved in water (600 c.c.), and the solution extracted with chloroform (fifteen times, 
with 1500 c.c. in all)—extract A. The aqueous solution was concentrated to 150 c.c. and again 
extracted with chloroform (six times, 300 c.c. in all)—extract B. 

The extracts A and B (after distillation of solvent) were converted separately into the 
glucosides (2% methyl-alcoholic hydrogen chloride) and fractionally distilled at 0-02 mm. 


pressure. 
Extract A. 


Fraction. an. Wt. (g.). 
1 1-4418 0-398 
2 1-4500 1-088 


A third fraction which distilled was added to B, and the mixture fractionated as follows : 


3 1-4522 0-656 
4 1-4535 2-5 


Fraction 1 consisted of pure tetramethyl methylglucoside, and fraction 4 of pure trimethyl 
methylglucoside. It was estimated that fractions 2 and 3 contained respectively 0-326 g. and 
0-072 g. of tetramethyl methylglucoside, the total yield of which was 0-796 g., i.e., 0-875%. 
After correction (J., 1938, 1244) this value indicates a chain length for the hydrocellulose of 123 


glucose units. 

(b) Hydrocellulose fibre. The fibrous fraction of the hydrocellulose (160 g.) was methylated in 
the cold by the procedure described under (a). The crude product (135 g.) was fractionated in 
chloroform-light petroleum and the main fraction (80 g.; OMe, 44-8%; apparent chain length 
from viscosity in m-cresol, 360 units) was hydrolysed in the manner already detailed. The 
A and B fractions (methylglucosides) were united and distilled from a Widmer flask at 


0-01—0-02 mm. pressure : 
Fraction. “a. Wt. (g.). 


1 1-4420 0-2865 
2 1-4517 0-561 
3 1-4550 3-2 


The total yield of tetramethyl methylglucoside was estimated as 0-424 g., i.e., 0-53%, corres- 
ponding, after correction, to a chain length of 200 glucose units. 

In each case (a) and (b), the glucosides were characterised by conversion into crystalline 
tetramethyl glucopyranose (m. p. 85°; [«]}*° +82-2° in water) and crystalline 2: 3 : 6-trimethyl 
glucose (m. p. 115°; [a]i® + 70° in water). 

(c) Hydrocellulose powder. The amount of this material that could be conveniently separated 
by teasing was not sufficient to enable the application of the end-group method to be made. An 
approximate estimation of the chain length was, however, made from a determination of the 
iodine number (Bergmann and Machemer, Ber., 1930, 63, 316) of the powder. The iodine 
number was 1-89, corresponding to a chain length of 66 glucose units. 

The Action of Alkali on Some Cellodexirins.—Raw cotton (100 g.) was added, in portions, to a 
cooled mixture of acetic acid (375 c.c.), acetic anhydride (375 c.c.), and sulphuric acid (10 c.c.). 
After keeping at room temperature overnight, the mixture was heated at 30° for 4 days. The 
dark solution, after centrifuging, was poured into water and the precipitate was washed with 
water, dried, and extracted with boiling methyl alcohol. The residue (cellodextrin acetates) 
was fractionated by solution in chloroform and precipitation with light petroleum. Determin- 
ation of the iodine number of the two main fractions showed the average chain length to be 18 
and 12 glucose units. 
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The 12-unit cellodextrin acetate was completely dissolved by boiling for 4 hours with 0-25n- 
sodium hydroxide. The 18-unit dextrin acetate was soluble to the extent of 96% in 0-25n- 
sodium hydroxide and completely soluble in 2-5n-sodium hydroxide. 


The authors wish to thank Imperial Chemical Industries Ltd. for the supply of hydrocellulose. 
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394. Polysaccharides. Part XXXVII. Oxycellulose. 
By G. L. Gopman, W. N. Haworth, and S. PEAr. 


The action of alkali upon oxycellulose has been studied. The oxycellulose, which 
was prepared by the action of acid permanganate on linters, had a high copper number 
(14) and contained uronic acid residues. Alkali (0-25n) dissolved 50% of the oxy- 
cellulose and the soluble portion was shown to have undergone decomposition of the 
type suffered by oligosaccharides in the presence of alkali. The moiety insoluble in 
0-25n-alkali had a low copper number (0-27) and contained no acidic groups. It was 
acetylated and methylated with ease and its molecular size (by end-group assay) 
corresponded to a chain of 90 glucose units. This insoluble fraction of oxycellulose 
was treated with 2-5n-alkali, in which half of it dissolved. The soluble portion had a 
chain length of 35 glucose units (by end-group assay) and the insoluble part, a chain 
length of 60 units (by viscosity measurements on the acetate). 

Cold acid hydrolysis of the oxycellulose led to the isolation of an aldobionic acid 
which has not been further characterised. 


THE oxycellulose was prepared from cotton linters by oxidation in cold acid solution 
by means of potassium permanganate (0-25n) (cf. Knecht and Thomson, J. Soc. Dyers and 
Col., 1920, 36, 251). The product retained the fibrous cellulose appearance but had 
a copper number of 14 (linters had 0-1) and it was soluble to the extent of 50% in boiling 
1% sodium hydroxide solution. Furthermore, uronic acid residues were present in oxy- 
cellulose. Estimation of carboxyl groups by direct and by conductimetric titration, by 
furfural estimation, and by estimation of carbon dioxide liberated on boiling with acid, 
gave an average figure of 1-5%. 

The solubility of the oxycellulose in alkali is indicative of the change induced in cellulose 
by the oxidising agent, an alteration which is manifested also by the great difficulty 
experienced in the acetylation of oxycellulose by methods which are appropriate for cellulose 
itself. The action of alkali on oxycellulose was more closely examined and, by a graded 
extraction with alkali of different strengths, the following fractionation was achieved : 


Oxycellulose 





Y 
0-25w-Alkali-stluble fraction rimaigguaes iL fraction 


Y 
2-5n-Alkwi-soluble 2-5n-Alkali-insoluble 
fraction fraction 





In the first place, the oxycellulose was exhaustively extracted by boiling 0-25N-sodium 
hydroxide. The soluble portion represented 50% of the oxycellulose. The insoluble 
fraction was now submitted to exhaustive extraction with 2-5N-sodium hydroxide. The 
material insoluble in alkali of this strength represented 25% of the oxycellulose taken. 
The material not dissolved by 0-25N-alkali had lost the properties peculiar to oxy- 
cellulose. Its reducing power (Cu No., 0-27) had fallen and uronic acid residues were no 
longer detectable in it. Moreover, it was no longer resistant to the usual acetylation process 
and it was easily methylated by treatment of the acetate with methyl sulphate and 30% 
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sodium hydroxide solution. The 0-25n-alkali-insoluble fraction was not homogeneous, for 
it was possible to separate the acetate and the methylated derivative into fractions which 
showed different viscosities. Thus, the methylated derivative (OMe, 44-6%) was separated 
by precipitation from chloroform solution with light petroleum into three fractions which 
showed viscosities in m-cresol solution corresponding to apparent chain lengths of 110, 92, 
and 55 glucose units. An assay of the chain length of the main fraction (representing 60% 
of the whole) by the end-group method gave the value 90 glucose units. In the course of 
this assay, crystalline tetramethyl glucose and 2 : 3 : 6-trimethyl glucose were isolated in 
excellent yield. It is clear that this fraction of the oxycellulose is constituted on the 
same plan as the hydrocellulose described in the preceding papers. If abnormalities of 
structure did exist in this moiety of the oxycellulose, they were of such a nature that 
reversion to the normal cellulose type occurred under the action of weak alkali. .We 
prefer to regard the peculiarities of the original oxycellulose as confined to that part which 
is soluble in weak alkali and which is examined below as 1%-alkali-soluble fraction. The 
material insoluble in weak alkali is constituted of chain-molecules of glucose units united 
as in the original cellulose molecule and the average length of these chains corresponds to 
90 glucose units. 

An observation of some interest was made when the 0-25n-alkali-insoluble fraction was 
further extracted with boiling 2-5N-sodium hydroxide. Approximately half of the material 
dissolved and the dissolved substance recoverable by acidification retained the char- 
acteristics of a cellodextrin. The 2-5n-alkali-soluble fraction (representing 25% of the 
oxycellulose) had copper number 0-23 and underwent acetylation and methylation with the 
usual reagents. The methyl derivative (containing OMe, 44-6%) was fractionated from 
chloroform-light petroleum, and viscosity determinations on the fractions showed that the 
substance, unlike the parent 0-25N-alkali-insoluble fraction, was constituted of chain- 
molecules of approximately uniform size. The chain length, determined by the end-group 
method, was 35 glucose units. 

It is obviously impossible for the 0-25n-alkali-insoluble fraction with an average chain 
length of 90 units to consist of a mixture, half of which is a cellodextrin with a chain length 
of 35 glucose units. The conclusion is inescapable that the shorter chain cellodextrin is 
produced by the fragmentation, under the influence of 2-5n-alkali, of the longer chain 
molecules of the 0-25n-alkali-insoluble fraction. 

The amount of the 2-5Nn-alkali insoluble fraction available was insufficient for a deter- 
mination of its molecular size by the end-group method. It was, however, possible to 
acetylate this material and the viscosity of the acetate corresponded to an apparent chain 
length of 60 glucose units. It is probable that this figure approximates to that which would 
be found by the end-group method, since in the hydrocellulose and oxycellulose series the 
molecular size as determined by the two methods is of the same order. This being so, it 
becomes apparent that the whole of the 0-25n-alkali-insoluble substance has been further 
degraded by boiling with 2-5n-sodium hydroxide. 

The structure of that part of the oxycellulose which is soluble in weak alkali can only 
be conjectured, for an examination of the 0-25n-alkali-soluble material reveals that pro- 
found and extensive decomposition has occurred. The soluble product proved to be a 
mixture of acids and as some difficulty was experienced in the isolation of these acids from 
the sodium salts the procedure of extraction of the oxycellulose was modified in that 3% 
barium hydroxide solution was used instead of 0-25N-sodium hydroxide. There was no 
essential difference in the type of substance extracted by the two methods. 

The nature of the products of extraction of oxycellulose with 3% barium hydroxide 
solution was unaltered by the exclusion of air during the extraction. Thus, the extraction 
of 2 g. of oxycellulose (a) in air and (d) in a nitrogen atmosphere led to the same loss in 
weight (40%), gave the same weight of mixture of barium salts (0-88 g.), and the reducing 
powers of the extracts were identical. 

The acids regenerated from the barium salts fell into two categories—those volatile in 
steam and those which were non-volatile. The volatile acids were formic and acetic acids 
and the yield of the former represented 5% of the weight of the 0-25n-alkali-soluble fraction. 
The non-volatile fraction was methylated by treatment with methyl iodide and silver oxide 
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and the mixture of methyl esters so obtained was fractionally distilled. The chief con- 
stituent of the first fraction was methyl d-a-methoxypropionate (characterised by conver- 
sion into the crystalline amide), which could only have been derived, by methylation, from 
d-lactic acid. It was shown that the remaining fractions consisted of the methylated 
esters of an acid, C,H;(OH),°CO,H, and a mixture of saccharinic acids of formula 
C;H,(OH),°CO,H. 

The products of the action of weak alkali on oxycellulose which have been identified 
are therefore formic acid, acetic acid, lactic acid, a dihydroxybutyric acid, and a mixture 
of C,-saccharinic acids. It is significant that the same acids are formed when a mono- 
saccharide (or a disaccharide) is treated with alkali (cf. Ann. Reports, 1937, 34, 286). 

The uronic acid residues in oxycellulose were destroyed not only by weak alkali but 
also by boiling mineral acid. Thus, oxycellulose was hydrolysed by treatment first in the 
cold with 72% sulphuric acid and thereafter with boiling 1% sulphuric acid. No uronic 
acid could be detected in the hydrolysate, from which crystalline glucose and crystalline 
a-methylglucoside were isolated in a yield of 81% of the oxycellulose taken. In a com- 
parative hydrolysis of the 0-25n-alkali-insoluble fraction of the oxycellulose (which was 
free from acidic groups), 90% was isolated as crystalline glucose and «-methylglucoside. 
When, however, the oxycellulose was hydrolysed with 72% sulphuric acid in the cold and 
the boiling with weak mineral acid was omitted, the acidic groups persisted and a barium 
salt was isolated which appeared to have the composition of the barium salt of an aldobionic 
acid. This product is under investigation. 

When these results are viewed as a whole, certain suggestions as to the constitution of 
oxycellulose may be made. In the first place it is clear that the fragmentation of the 
cellulose chain which normally occurs under the action of alkali is greatly accelerated if the 
cellulose is first treated with an acid oxidising agent. The latter effects the conversion 
of a proportion (64% in this case) of the terminal primary alcohol groups of the glucose 
units into carboxyl groups, but it is doubtful if this conversion is the cause of the apparent 
decreased stability towards alkali of the glycosidic links. The high reducing power of the 
oxycellulose suggests indeed that the fragmentation of the cellulose chain has already 
occurred during the oxidation with the formation to the extent of 50% of very short chains 
of glucose units (the average size of these small molecules cannot be determined at present, 
but the maximum chain length would seem to be 30—35 glucose units, for the 2-5n-alkali- 
soluble fraction, which is recovered unchanged from alkali, has a chain length of 30—35 
units). The short-chain molecules dissolve in weak alkali and undergo degradation of the 
kind suffered by the reducing sugars under the same conditions. The newly formed 
uronic residues would appear to be confined to the postulated molecules of oligosaccharide 
dimensions and hence are not found in the 0-25n-alkali-insoluble fraction. 


EXPERIMENTAL. 


Preparation of Oxycellulose.—Cellulose (cotton linters) was oxidised in acid solution with 
potassium pe manganate (0-25n) by the method of Knecht and Thompson (loc. cit.). Oxy- 
cellulose wis ootained in 95% yield after washing with water until free from mineral acid and 
drying in a vecuum at 45°. A comparison of certain properties of this oxycellulose with those 
of the cellulose from which it was prepared are shown below : 


Copper Methylene-blue % % Ash. Loss in weight on 
number. absorption. Moisture. Ash. alkalinity. boiling with 1% NaOH. 


Oxycellulose 14-0 32-1 6-0 0-7 7-9 44-1 
Cellulose 0-1 1-0 2-5 0-15 2-2 1-7 
In addition, the following properties of the oxycellulose were recorded. On boiling with 12% 
hydrochloric acid the percentage yield of furfural by the barbituric acid method (Jager and 
Ungar, Ber., 1903, 36, 1222) was 1-2 and by the phloroglucinol method (Schorger, J. Ind. Eng. 
Chem., 1923, 15, 748) 1-8. On the basis of the furfural estimation, the carboxyl content of the 
oxycellulose was 1-4%; it was 1-2% by carbon dioxide estimation (method of Nanji, Paton, 
and Ling, J. Soc. Chem. Ind., 1925, 44, 25317); 1-8% by direct titration and by conductimetric 
titration (method of Callen and Horrobin, J. Soc. Chem. Ind., 1928, 47, 329r). 

Oxycellulose Acetate.-—Oxycellulose (50 g.) was stirred for 30 minutes with glacial acetic acid 
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(500 c.c.) containing a little chlorine and to the cooled mixture acetic anhydride (250 c.c.), con- 
taining sulphur dioxide equivalent to the chlorine, was added. The temperature was then kept 
at 35° for 6 days. Even at the end of this period, a part of the oxycellulose remained un- 
dissolved. This residue was filtered off, the clear filtrate, after dilution with acetic acid, was 
poured into a large volume of water, and the precipitated acetate was washed with water until 
free from acid. Yield, 68%. The oxycellulose acetate so prepared contained ash 0-44, CH,-CO 
43-7% (by distillation with benzenesulphonic acid) and showed [«]?” — 21-0° in chloroform. 
A viscosity estimation in m-cresol solution corresponded, on Staudinger’s formula, to an 
apparent chain length of 60—70 glucose units. Attempts to regenerate oxycellulose from the 
acetate were abandoned because of the marked effect of alkali on the oxycellulose, which for 
the same reason was not submitted to methylation. 

Extraction of Oxycellulose with 0-25N-Sodium Hydroxide.—Oxycellulose (40 g.) was heated 
under reflux with 0-25n-sodium hydroxide (41.) for4hours. The residue—0-25n-alkali-insoluble 
substance—was washed successively with a little dilute acetic acid, water, alcohol, and ether, 
and finally dried at 45° ina vacuum. Yield, 58%. When this residue was submitted to further 
repeated extraction with 0-25n-sodium hydroxide, the total material extractable by alkali of 
this dilution was removed in four operations, the total loss in weight approaching a maximum 
' value of 52%. Cotton linters under similar conditions showed a loss in weight of 19%. The 
0-25n-alkali-insoluble substance had copper number 0-27 and contained no carboxylic groups. 

Acetylated 0-25n-Alkali-insoluble Substance.—The residue left after the alkali extraction was 
acetylated with great ease by the method already described, 4 hours at room temperature being 
sufficient to complete the reaction. The acetate so obtained contained only 40% of acetyl. It 
was separated into five fractions by precipitation from a chloroform solution by addition of 
light petroleum. Viscosity measurements on the fractions in m-cresol demonstrated that the 
substance was not homogeneous: the average apparent chain length of the fractions varied 
from 48 to 70 glucose units. 

Methylated 0-25n-Alkali-insoluble Substance.—The acetate prepared as above was insoluble 
in acetone but it became soluble in this solvent after a preliminary swelling in carbon tetra- 
chloride. The acetate so pretreated was then simultaneously deacetylated and methylated by 
the usual method. After eight successive treatments with the methylating agents, the product 
(purified by precipitation from chloroform) contained OMe 446% (C,H,,0, requires OMe, 


45-6%). The methylated product (95 g.) was separated by solution in chloroform (1000 c.c.) 
and ether (400 c.c.) and precipitation with light petroleum into the following fractions : 


Fraction. Wt. (g.). % OMe. xp. in m-cresol. Nep.|C. 
1 5 Discarded 
2 19 43-5 0-442 0-110 
3 55-5 44-0 0-378 0-092 
+ 15-1 44-2 0-222 0-055 


An estimation of the chain length of fraction 3 was made by the method of Haworth and 
Machemer (loc. cit.). Hydrolysis was effected with fuming hydrochloric acid in the cold; the 
resulting sugars were converted into the methylglucosides, and the latter separated by distill- 
ation from a Widmer flask at 0-1 mm. pressure. The following fractions were collected : 


Fraction. Wt. (g.). nid*, % OMe. 
1 0-380 1-4460 60-0 
2 0-330 1-4522 55-5 
3 1-972 1-4572 51-3 
+ 1-583 1-4580 50-3 


Fraction 1 was pure tetramethyl methylglucoside, and fraction 4 pure trimethyl methyl- 
glucoside. It was estimated on this basis that the yield of tetramethyl methylglucoside was 
0-672 g. from 55 g. of methylated cellulose. Applying the usual correction (J., 1938, 1244) the 
percentage yield of tetramethyl methylglucoside is 1-39, corresponding to an average chain 
length of 90 glucose units. The tetramethyl methylglucoside and the trimethyl methylglucoside 
were characterised by conversion into crystalline tetramethyl glucopyranose and 2:3: 6- 
trimethyl glucopyranose respectively. 

Further Extraction with 2-5N-Sodium Hydroxide Solution.—Oxycellulose which had been 
exhaustively extracted with 0-25n-sodium hydroxide was now submitted to the action of boiling 
2-5n-sodium hydroxide; a further loss in weight then occurred, reaching a maximum of 25% 
(calculated on the weight of original oxycellulose) in four extractions. The total loss in weight 
of oxycellulose under the successive actions of 0-25N- and 2-5n-sodium hydroxide was thus 
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75%. The extraction of the 0-25n-alkali-insoluble substance with 2-5-sodium hydroxide was 
not accompanied by decomposition, for on acidification of the extract the 2-5n-alkali-soluble 
substance was precipitated apparently unchanged. The 2-5n-alkali-insoluble substance had 
copper number 0-23. In a comparative experiment, cotton linters lost 9% of its weight on 
exhaustive extraction with 2-5n-sodium hydroxide. 

Acetylation of the 2-5n-Alkali-soluble Substance.—The products extracted by four successive 
treatments of 0-25n-alkali-insoluble substance (10 g.) with boiling 2-5n-sodium hydroxide 
together with the insoluble residue were each converted into the corresponding acetate by the 
method already described. The properties of these acetates are tabulated below : 

Acetate ....ccccsceeeseeeeeee Istextract 2ndextract 3rdextract 4thextract 2-5Nn-Alkali-insol- 
uble substance 
44-0 38-2 41-2 41-9 
Nsp, (m-cresol) ; 0-087 0-137 0-093 0-221 
Nap. | cibeababed 0-021 0-033 0-022 0-056 


Methylation of the 2-5N-Alkali-soluble Substance.—0-25n-Alkali-insoluble substance (100 g.) 
was boiled with 2-5n-sodium hydroxide (9 1.) for 5 hours. After keeping at room temperature 
over-night, the supernatant liquid was decanted and acidified with acetic acid, and the pre- 
cipitate separated by the centrifuge. This precipitate was dissolved by stirring with 30% 
sodium hydroxide solution (3 1.) and to the solution were added methyl] sulphate (300 c.c.) and 
dioxan (300 c.c.). After the mixture had been stirred at room temperature for 20 hours, second 
portions of methyl sulphate (300 c.c.) and dioxan (50 c.c.) were added and the stirring was 
continued for 20 hours. The upper dioxan layer was separated by decantation and the lower, 
aqueous, layer was submitted to remethylation inthe above manner. After five such treatments 
almost the whole of the methylated product had accumulated in the dioxan layer, which was 
now evaporated to dryness and the residue exhaustively extracted with chloroform (2 1.). 
Yield, 13 g. Purification was effected by solution in chloroform and precipitation by the 
addition of light petroleum. A small first fraction containing 28-1% of mineral matter was 
discarded. The main fraction (10-1 g.) contained ash 0-4, OMe 44-6% and had [a]? — 2° and 
H.p. 0-13 in m-cresol, corresponding to an apparent chain length of 33 glucose units. The 
product appeared to be homogeneous, for 1 g. was separated into two fractions (0-61 and 0-35 g.) 
by precipitation from chloroform solution with light petroleum and these fractions showed 
sp. 0°137 (equiv. to 34 units) and »,,, 0-123 (equiv. to 30 units) respectively. 

The methylated 2-5n-alkali-soluble substance (9-54 g.) was simultaneously hydrolysed, and 
the sugars converted into the glucosides by boiling with methyl alcohol (200 c.c.) containing 
3-5% of hydrogen chloride for 90 hours. The filtered solution was neutralised with silver car- 
bonate, filtered, and concentrated toa syrup. The latter was fractionated in the usual way by 
distillation from a Widmer flask at 0-1 mm. pressure. 


Fraction. Weight (g.). nies", % OMe. Fraction. Weight (g.). nies, % OMe. 
1 0-078 1-4431 61-2 4 0-773 1-4567 _- 
2 0-272 1-4498 — 5 1-394 1-4570 52-0 
3 0-601 1-4551 _— 


Crystalline tetramethyl glucopyranose (m. p. 85°) and 2:3: 6-trimethyl glucopyranose 
(m. p. 117°) were obtained by the hydrolysis of fractions 1 and 5 respectively. The estimated 
total yield of tetramethyl methylglucoside was 0-31 g., corresponding, after correction, to a 
percentage yield of 3-5%. The average chain length of the 2-5n-alkali-soluble substance is thus 
35 glucose units. 

Examination of the Material Soluble in Dilute Alkali Solution.—(a) 0-25N-Sodium hydroxide 
extract. By methylation of the extract it was established that the principal products of the 
action of 0:25n-sodium hydroxide on oxycellulose were hydroxy-monocarboxylic acids. As it 
was found ‘mpossible to recover by this method more than 30% of the weight of oxycellulose 
dissolved, a modified procedure was adopted m which the extraction was made with 3% barium 
hydroxide solution; the loss in weight suffered by the oxycellulose was the same with each 
extracting medium. 

(b) Extraction with 3% barium hydroxide solution. Oxycellulose (800 g.) was boiled for 
4 hours with 3% barium hydroxide solution (10 1.), and the dark brown solution, after filtration, 
neutralised at 70° with carbon dioxide. The neutral solution was filtered through charcoal 
and evaporated to dryness under diminished pressure. The residue, a hard glass (380 g.), 
contained 35-1 and 34-4% of barium (duplicate estimations). The insoluble oxycellulose 
residue weighed 460 g. The loss in weight was thus 42%. 
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The free acids were liberated from the barium salts (230 g. in 400 c.c. of water) by the addition 
of 10n-sulphuric acid in sufficient quantity to precipitate all but a trace of the barium. The 
solution was evaporated to dryness at 50°, without removal of the precipitated barium sulphate, 
and the whole of the distillate (water and volatile acids) was collected in a receiver cooled in 
ice and salt (distillate A). The residue (non-volatile acids and barium sulphate) will be referred 
to as B. 

The aqueous distillate (A). The acid distillate was neutralised by the addition of barium 
hydroxide, the excess of which was removed with carbon dioxide. The filtered solution was 
evaporated to dryness, and the partially crystalline residue (25 g.) dissolved in water (200 c.c.). 
Four fractions were obtained by the gradual addition of ethyl alcohol to this solution. The 
first fraction (crystalline needles) contained Ba, 60-7% (Calc. for C,H,O,Ba: Ba, 60:4%) and 
gave an ammonium salt, m. p. 115—117°. It reduced Fehling’s solution, ammoniacal silver 
nitrate, and mercuric chloride, evolved carbon monoxide on heating with sulphuric acid and 
ethyl formate with sulphuric acid and ethyl alcohol. The substance was thus barium formate. 
The fourth fraction contained barium acetate (ethyl acetate test; formation of cacodyl with 
arsenious oxide). The amount of formate in each fraction was estimated by permanganate 


titration. 


BOERNE. secgccnesprnconpersssanceseenssaseet. (8 2 3 4 
WRU GOP asvesesnccecccé sce sveavicsacsscss” aan 1-32 2-70 1-61 
% Barium formate ............0..+26+-- 99-0 76-6 60-8 16-5 


The yield of barium formate was 24 g. (from 480 g. of oxycellulose). 

The non-volatile acids. The residue (B) was heated at 45° with methyl iodide (250 c.c.) and 
dry silver oxide (200 g.) for 24 hours. Thereafter the excess of methyl iodide was removed by 
distillation, and the residue exhaustively extracted with ether (2500 c.c.). Evaporation of the 
ether left a syrup, which was submitted to further treatment with the methylating agents, the 
process being repeated until the methoxyl content of the product reached a constant value. 
The methylated esters so obtained (94-4 g.) were submitted to fractional distillation : 











Bath Pressure, Equiv. 
Fraction. Wt. (g.). temp. mm. [a]p. wt. % OMe. . %C. %H... 9. 
1 2-0 138° 20 Inactive 127 §2-1 50-8 8-6 1-4005 
2 4-0 86 0-03 Inactive 162 51-0 51-6 8-5 1-4226 
3 23-0 103 0-03 +45-0° 198 49-6 53-1 8-3 1-4465 


Fraction 1 on treatment with methyl-alcoholic ammonia gave a crystalline amide, m. p. 81°, 
which in admixture with authentic O-methyl-lactamide (m. p. 82°) showed no depression (Found : 
C, 46-6; H, 8-7; N, 13-5; OMe, 30-0. Calc. for C,H,O,N : C, 47-0; H, 8-7; N, 13-6; OMe, 
30-1%). Fraction 1 was thus methyl d-«-methoxypropionate, which came from the methylation 
of d-lactic acid. 

Fraction 2 was identical with a fraction obtained by methylating and distilling th: material 
extracted from oxycellulose by 0-25n-sodium hydroxide [see under (a) above]. The latter 
fraction also was optically inactive, had n?” 1-4230, OMe 50-1%, and equiv. weight by alkali 
titration 162. The substance was an ester and contained 16-2% of ester methoxyl. It was 
found impossible to prepare a crystalline amide and the ester did not condense with phenyl- 
hydrazine. From the properties recorded, fraction 2 would appear to be the methy] ester of a 
methoxy-monocarboxylic acid. The ester C;H;(OMe),-CO,Me requires total OMe, 57:4; 
ester OMe, 19:1%; equiv. wt., 162. The ester (1-1 g.) was hydrolysed by heating with 3% 
barium hydroxide solution (70 c.c.) for 2 hours at 75°. The excess of alkali was neutralised with 
carbon dioxide, and the solution filtered and evaporated to dryness at 45°. The residual 
barium salt was dissolved in aqueous alcohol, and an exact equivalent of N-sulphuric acid added. 
After removal of the barium sulphate by centrifuging and evaporation of the solution, a colourless 
acid syrup was obtained, which distilled at constant temperature at 0-1 mm. pressure. The 
distillate (0-8 g.) was optically inactive and had n?” 1-4402, OMe 37-5%, and equiv. wt. 155 
[(C;H,(OMe),°CO,H requires OMe, 39-:2%; equiv. wt., 158]. 

Fraction 3, also an ester, was hydrolysed, as described, with 3% barium hydroxide solution. 
The hydrolysis product from 5-1 g. of the ester was separated by distillation at 0-1 mm. pressure 
into two parts, fraction 3a (3-0 g.) and fraction 3d (0-4 g.). 

Fraction 3a, a mobile syrup, had 1?” 1-4496, [«]?” + 64-4°, and equiv. wt. 203. The sub- 
stance behaved as a y-lactone. It reacted only very slowly with sodium hydroxide solution 
to form a sodium salt. The acid produced by acidification of the sodium salt with sulphuric 
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acid had [a]) — 7-5°, changing to a constant value + 32-4° in 25 hours [Found: C, 53-1; 
H, 7-9; OMe, 45-3. C,H,O,(OMe), requires C, 53-0; H, 7-9; OMe, 45-6%; equiv. wt., 204]. 

Fraction 3b was a viscous syrup which behaved as a monocarboxylic acid on titration (equiv. 
wt. 232). It had n}” 1-4560, [a] — 4:8° [Found: OMe, 51-5. C,H,(OMe),-CO,H requires 
OMe, 52°5%; equiv. wt., 236]. 

Fraction 3 would thus appear to be a mixture of a lactone, C,H,O,(OMe), and an ester, 
C;H,(OMe),°CO,Me. 

The Extraction of Oxycellulose in the Absence of Air.—Comparative experiments were per- 
formed in which oxycellulose (2 g.) was extracted with 3% barium hydroxide solution (200 c.c.) 
in an atmosphere of (a) nitrogen and (b) air. The following table shows that the action of alkali 
is not modified by the presence of oxygen. 

Reducing power of extract Yield of Ba salts 

Extraction. Loss in wt., %. (c.c. N/25-KMnQ,). from extract (g.). 
BOR GOT: shddstincs thtebetsscicnaibiabe 40-4 16-5 0-88 
In nitrogen 40-3 16-65 0-88 


The Acid Hydrolysis of Oxycellulose—The method of Monier-Williams (J., 1921, 119, 803) 
being used, oxycellulose (9-730 g.; moisture, 2-92; ash, 1-50%) was treated at room temper- 
ature with 72% sulphuric acid (50 c.c.) for 7 days and, after dilution to 5 1. with water, the 
solution was boiled for 16 hours. The solution was filtered (residue, 0-08 g.) and the filtrate, 
after neutralisation with barium carbonate, was evaporated to dryness under diminished 
pressure. During the evaporation, sufficient n/10-sulphuric acid was added at intervals to 
maintain the pq, at about 4. The residue was exhaustively extracted with boiling methyl 
alcohol (2 1.) and evaporation of the extract gave a syrup (9-415 g.) which partially crystallised. 
The syrup gave a negative uronic acid test with naphtharesorcinol. Crystalline glucose (7-35 g.) 
was separated and the residual syrup converted into the glucoside by boiling for 7 hours with 
2% methyl-alcoholic hydrogen chloride (70 c.c.). This product yielded crystalline «-methyl- 
glucoside (2-01 g.) and a syrup (0-39 g.). The yield of crystalline material calculated as glucose 
was thus 8-31 g. from 9-22 g. of oxycellulose, i.e., 90-2 g. from 100 g. of oxycellulose (81-2%). 

The Acid Hydrolysis of the 0-25n-A lkali-insoluble Substance.—The residue (10-115 g.; mois- 
ture, 1-82; ash, 1:15%) after extraction of oxycellulose with 0-25n-sodium hydroxide was 
hydrolysed by the sulphuric acid method used for oxycellulose. The yield of crystalline 
material (glucose and a-methylglucoside), calculated as glucose, was 100-0 g. from 100 g. of 
0-25n-alkali-insoluble substance (89-7%). 

The Cold Acid Hydrolysis of Oxycellulose.—Oxycellulose (10 g.) was treated with 72% 
sulphuric acid (50 c.c.) for 14 days at room temperature. The solution was diluted with water 
(5 1.), neutralised immediately with barium carbonate, and evaporated to dryness at 30°. The 
residual syrup, which gave a positive naphtharesorcinol test, was dissolved in water, filtered, and, 
after concentration to 20 c.c., mixed with methyl alcohol (150 c.c.). The precipitation was 
repeated and the precipitate was extracted (Soxhlet) with methyl] alcohol until the rotation of 
the extract reached a constant value. The residue of barium salts was purified by two further 
precipitations from aqueous solution with alcohol. Yield, 1-42 g. of a colourless amorphous 
powder, [a]y + 61-7° [Found : Ba, 16-4. Ba(C,,H,,0,,), requires Ba, 16-3%]. These constants 
were unchanged after a further precipitation from aqueous solution by alcohol. 


Tue A. E. Hitts LABORATORIES, 
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395. Polysaccharides. Part XXXVIII. The Constitution of Glycogen 
from Fish Liver and Fish Muscle. 


By W. N. Hawortn, E. L. Hirst, and F. Sra. 


Glycogen contains a repeating unit consisting of a-glucopyranose residues joined 
through positions 1 and 4 and the number of glucose residues in this repeating unit, 
i.e., its chain length, is ascertained from the amount of tetramethyl glucose produced 
on hydrolysis of the methylated glycogen. A specimen of rabbit liver glycogen 
examined by Haworth and Percival (J., 1932, 2277) had a chain length of 12, and 
another specimen of rabbit liver glycogen was found to have a chain length of 18 
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(Haworth, Hirst, and Isherwood, J., 1937, 577). This communication shows that 
four specimens of glycogen of fish origin (three from fish liver and one from fish muscle) 
contain a repeating unit of 12 glucopyranose residues. 


THE methyl derivative of the specimen of rabbit liver glycogen investigated by Haworth 
and Percival (J., 1932, 2277) yielded on hydrolysis 9% of 2: 3:4: 6-tetramethyl glucose 
and a large proportion of 2 : 3 : 6-trimethyl glucose. This evidence was taken to indicate 
the presence of a repeating unit in glycogen consisting of approximately 12 glucose residges 
joined by 1: 4-glycosidic links. Another specimen of rabbit liver glycogen, however, 
examined by Haworth, Hirst, and Isherwood (J., 1937, 577) furnished a methyl derivative 
which gave 7% of tetramethyl glucose, corresponding to a repeating unit of 18 glucose 
residues. Similarly, glycogens investigated by Bell (Biochem. J., 1935, 29, 2031; 1936, 
30, 1612, 2144; 1937, 31, 1683) have also been shown to have differing “‘ chain-lengths ”’ 
of 12 and 18 units, one of these specimens being from a fish liver (compare also Hassid 
and Chaikoff, J. Biol. Chem., 1938, 128,755). In view of these results it seemed important 
to examine glycogen from other sources and to ascertain the size of their repeating units. 
Accordingly, glycogens from fish liver (dogfish, haddock and hake) and fish muscle (dogfish) 
have been investigated. Only the specimen of glycogen from haddock liver was soluble 
in cold water and behaved normally. The glycogens from dogfish liver, dogfish muscle, 
and hake liver were almost insoluble in both cold water and cold potassium hydroxide 
solution and only slightly soluble in hot water and hot potassium hydroxide solution. It 
was found, however, that these dissolved readily in cold dilute acetic acid or, better, in cold 
dilute mineral acid, from which solutions they could be precipitated with alcohol ; the samples 
of glycogen treated in this way were now soluble in cold water and indistinguishable from the 
rabbit liver glycogen of Haworth and Percival. By the courtesy of Mr. Adrian Lumley, the 
specimens were prepared for us at the Torrey Research Station, Aberdeen, by Dr. J. G. Sharp, 
who used Pfliiger’s method of extraction. It is evident, therefore, that the specimens 
must have reverted to an insoluble form after their extraction, although they were not kept 
longer than 4 months. The reason for the insolubility in water of the glycogen specimens 
examined during the course of this work, and the nature of the transformation which takes 
place when these specimens are converted into the soluble form with mineral acid, are 
problems which, at present inexplicable, are under investigation. 

To minimise the possibility of degradation of the fish glycogens, these were acetylated 
with pyridine and acetic anhydride under very mild conditions and the acetyl derivatives 
so formed were then converted into the corresponding methyl derivatives by the use of 
methyl sulphate and sodium hydroxide. All the specimens of methylated glycogen from 
the different sources mentioned above gave on hydrolysis an amount of tetramethyl 
glucose (average, 9-39) which corresponds to a chain length of 12 glucose residues for the 
repeating unit (see table below). 


% Methylglucosides.t 





Source of fish % OMe of sample % Yield of tetra- - ~ 
glycogen. hydrolysed. methyl glucose.* Tetramethyl. Trimethyl. Dimethyl. 


I Dogfish liver (a) 43-95 9-0 
b) 43-85 . 8-3 74:7 17-0 
c) 44-3 
II Dogfish muscle (a) 43-9 ; 8-8 73-1 18-1 
III Haddock liver (a) 44-6 . 
te) 44-9 ; 
IV Hake liver a) 44-5 ; 8-7 80-9 10-4 
* Value after addition of correction to compensate for experimental losses. 
+ Observed values, not corrected. 


In this investigation a closer study has been made of the yields of dimethyl methyl- 
glucoside; the amounts isolated appear to vary to some extent with the percentage of 
methoxy] in the methylated glycogen and hence a portion of this “‘ dimethyl ’’ may arise as a 
result of incomplete methylation. It is, however, significant that the amount of dimethyl 
methylglucoside is never less than that of the tetramethyl methylglucoside and, in the case 
of methylated hake liver glycogen, the amount of dimethyl methylglucoside approximates 
to that of the tetramethyl methylglucoside (see Haworth, Hirst, and Isherwood, Joc. cit.). 
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Since this sample of methylated glycogen has been subjected to ten methylations, it 
would appear unlikely that any free hydroxyl groups remain unmethylated and hence any 
formula proposed for the structure of glycogen must take account of the occurrence of 
dimethyl glucose. 

The interpretation put forward by Haworth, Hirst, and Isherwood (loc. cit.) is equally 
applicable in this case. Thus, glycogen as well as starch is represented as groups of 
«-glucopyranose units linked at positions 1 and 4 in the form of chains (Haworth, Monatsh., 
1986, 69, 314), and these chains or repeating units are themselves joined to one another 
by a type of bond which connects the reducing end of one chain with a hydroxyl group of 
an adjoining chain of glucose units. From experiments recently conducted on methylated 
starch a value for the energy of activation of the bond which joins neighbouring chains 
of glucose units in starch has been furnished. Hirst and Young (this vol., p. 952) have 
concluded that this bond is of the primary valency type, and it is probable that in glycogen 
also the bond connecting adjoining chains of 12 glucose units has the nature of a primary 
valency. The linking of the chains occurs through a hydroxyl group, other than that at 
C, and C,, of a non-terminal glucose residue; this glucose residue would clearly be the one 
which gives rise to the dimethyl] glucose, since three out of five of its hydroxyl groups are 
involved in links with other adjoining glucose units. Such a formulation for glycogen is 
supported by its non-reducing character and by its large molecular size (3000—5000 glucose 
units, 7.e., M 500,000—800,000) as determined by osmotic pressure measurements (Carter 
and Record, this vol., p. 670) and, furthermore, it offers the necessary explanation for the 
cleavage fragments of the methyl derivative. 


EXPERIMENTAL. 


I. Glycogen from the Liver of Dogfish. 


Glycogen from dogfish liver was a white amorphous powder, slightly soluble in cold water 
or aqueous potassium hydroxide; more dissolved on boiling, but complete solution could best 
be effected by treating the glycogen at 15° with dilute acetic or with n/10-hydrochloric acid. 
When precipitated by addition of alcohol to the clear solution so obtained and further purified 
by repetition of the procedure, the glycogen had [«]?” + 195° (c, 0-31) in water; iodine number 
ca. 2-5 (Bergmann and Machemer). 

Acetylation.—Glycogen (10 g.) freshly precipitated from aqueous solution by alcohol and 
washed with absolute alcohol was dissolved in pyridine (150 c.c.). Acetic anhydride (130 c.c.) 
was added slowly with stirring during 2 hours. The clear colourless solution was kept for 12 
hours at room temperature and then poured into water. The acetate was filtered off, washed 
with water, alcohol, and ether, and dried in a vacuum (yield, 16-2 g.). The amorphous white 
acetate was insoluble in alcohol, ether, and light petroleum but readily soluble in acetone and 
chloroform; [a]? + 167° in chloroform (c, 0-2); 730° 0-048 in m-cresol (c, 0-4) corresponding 
to an apparent mol. wt. of 3460 (using Staudinger’s formula with K,, = 10) * (Found: CO-CHs, 
44-6%). Fractional precipitation of the acetate from chloroform or acetone solution by addition 
of light petroleum and examination of the various fractions in respect of rotation in chloroform, 
acetyl content, and viscosity in m-cresol failed to disclose the presence of degraded material. 

Regeneration of the glycogen was effected by dissolving the acetate (1 g.) in acetone (15 
c.c.) and shaking the solution with 30% aqueous potassium hydroxide (15 c.c.) for 1 hour. 
The aqueous layer was separated, acidified with acetic acid, and poured into alcohol. The glyco- 
gen thus precipitated was dissolved in dilute acetic acid and reprecipitated with alcohol. After 
two further precipitations from an aqueous solution by alcohol the white amorphous powder was 
free from ash and was neutraltolitmus. It did not reduce boiling Fehling’s solution. It showed 
[«}?”" + 191° (c, 0-6) in water and its iodine number was ca. 2:7. Reacetylation by the above 
method gave an acetate which had [«]?!” + 173° in chloroform (c, 0-3) (Found : CO-CH;, 446%). 
The viscosity in m-cresol solution was the same as before. 

Methylation of Glycogen Acetate.—The acetate (10 g.) was simultaneously deacetylated and 
methylated by methyl sulphate (150 c.c.) and 30% sodium hydroxide solution (450 c.c.) in the 
presence of acetone at 30—35°. The reagents were added in one-tenth quantities every 15 
minutes and acetone was added from time to time to replace that lost by evaporation in order to 


* Here and on all subsequent occasions in this paper where apparent mol. wts. from viscosity data 
are given they are derived from Staudinger’s formula using K = 10“. 
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keep the methylated glycogen in solution. When the reaction was completed (2} hours), the 
solution was heated on the boiling water-bath to expel the excess of acetone, and the methylated 
glycogen, which separated as a pale yellow mass, was filtered off through linen, dissolved in acetone, 
and remethylated. After seven such methylations the crude material was taken up in chloroform 
and the solution was extracted twice with water to remove inorganic salts, dried over anhydrous 
magnesium sulphate, filtered, concentrated to a suitable volume (ca. 150 c.c.), and poured 
with stirring into excess of light petroleum. The amorphous white precipitate was filtered 
off, washed with light petroleum and dried (yield, 50 g. from 80 g. of acetate); [a]?” + 209° 
in chloroform (c, 0-8); 730° 0-065 in m-cresol (c, 0-4), corresponding to an apparent mol. wt. 
3300 (Found : OMe, 44-:0%). 

Fractional precipitation was carried out by the gradual addition of light petroleum to a solu- 
tion of the methyl glycogen (50 g.) in chloroform (200 c.c.). Each fraction was dissolved in 
acetone and precipitated as a white powder by pouring the solution into light petroleum. After 
removal of solvent by drying in a vacuum at 100° the methoxyl content, specific rotation, and 
viscosity of each fraction were determined : 


Fraction. I II. IIT. IV. Vv 


TS Bit ii wen i Se 3-5 11-9 9-7 6-6 11-2 
% OMe . ik: EE RRMETS: 43-0 43-7 44-2 43-6 44-1 


(a)20" COREE a6 EV in a: a +213° +215° +215° +216° 
M from viscosity in m-cresol 2860 2650 2450 2720 
Fraction I contained inorganic impurities and was therefore rejected. 

Hydrolysis of Methylated Glycogen.—(a) With dilute hydrochloric acid. Fractions II and III 
combined (20-4 g.) were dissolved in a mixture of glacial acetic acid (100 c.c.) and 5% hydro- 
chloric acid (200 c.c.), and the solution was heated on the boiling water-bath until the rotation 
became constant (ca. 7 hours) (see Bell, Biochem. J., 1935, 29, 2031). The amount of barium 
carbonate required to neutralise the hydrochloric acid was added and the solution was 
evaporated to dryness under diminished pressure at 45°, water being added from time to time 
to facilitate the removal of acetic acid. The dry residue was exhaustively extracted with alcohol. 
The syrup which remained on removal of the alcohol was dissolved in water (200 c.c.) and the 
solution (A) was extracted twenty times with chloroform (20 portions of 50 c.c.). Evaporation 
of the chloroform gave a syrup, which was dissolved in 1% methyl-alcoholic hydrogen chloride 
(300 c.c.). The solution was boiled for 7 hours, neutralised with silver carbonate, and filtered. 
The syrup obtained on removal of the solvent was distilled, giving : 


Fraction. B. p. (bath temp.)/0-06 mm. Weight, g. nis’, % OMe. 
ad eeuticiatiaenbasmabtnn 105—125° 1-373 1-4450 61-0 
BE. cuscccudenvgsadeechotanenhs 125—132 0-603 1-4508 57-0 
EEE dcdoscets seudavcsccpeseyers 132—135 0-465 1-4564 53-1 
(last drop 1-4580) 

The next portion of the distillate consisted of 2 : 3 : 6-trimethyl methylglucoside, b. p. 135°/0-06 
mm., 7° 1-4580 (Found: OMe, 51-5%). On the assumption that the refractive indices of 
tetra- and tri-methyl methylglucosides are nj’ 1-4450 and 1-4580 respectively the estimated 
amount of tetramethyl methylglucoside is 1-94 g., corresponding to 9-0% of tetramethyl glucose 
in the hydrolysis products from methylated glycogen. In estimating the amount of tetra- 
methyl methylglucoside a 10% correction is applied (cf. Haworth and Machemer, J., 1932, 
2270). 
The aqueous solution (A) (see above) after extraction by chloroform to remove tetra- 
methyl glucose was concentrated to dryness and the reducing sugars were converted into their 
methylglucosides. These were isolated in the usual way and subjected to fractional distillation. 
No tetramethyl methylglucoside could be detected in the initial stages of the distillation and it 
appears therefore that the method employed above in removing tetramethyl glucose from an 
aqueous solution is fully effective. 

(b) With fuming hydrochloric acid. Methylated dogfish liver glycogen (17-4 g.) from frac- 
tions IV and V was hydrolysed by the methods of Haworth and Percival (J., 1932, 2280). 
The methylated glycogen was dissolved in concentrated hydrochloric acid (100 c.c., d 1-2) 
and the solution, cooled to 0°, was saturated with hydrogen chloride. The viscous brown liquid 
was kept for 40 hours at — 5° and then for 20 hours at 20°. After aeration at 20° to remove 
as much hydrochloric acid as possible the solution was diluted to 1 litre, neutralised with lead 
carbonate, and filtered, the residue being well washed with hot 50% aqueous alcohol. The 
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combined filtrate and washings were evaporated to dryness under reduced pressure. The 
residue was exhaustively extracted with alcohol and on removal of solvent there was obtained 
a mixture of methylated glucoses; these were dissolved in water (200 c.c.) and the solution was 
extracted with chloroform as in (a). The chloroform extract was dried over anhydrous magnes- 
ium sulphate, filtered, and evaporated to dryness and the mixture of tetramethyl and trimethy] 
glucose was converted into the corresponding mixture of glucosides, which were distilled, giving : 


Fraction. B. p. (bath temp.)/0-04 mm. Weight, g. nis", % OMe. 
110° 1-063 1-4450 61-1 
110—140 0-546 1-4520 56-0 
140 0-788 1-4577 52-2 
(last drop 1-4580) 


Further distillation gave pure trimethyl methylglucoside, m}* 1-4580 (Found: OMe, 51-7%). 
The amount of tetramethyl methylglucoside existing in fractions II and III (estimated from the 
value of the refractive index) together with the pure tetramethyl methylglucoside of fraction I 
amounts to 1-65 g., corresponding to ca. 9-0% of tetramethyl glucose in the methyl glycogen 
subjected to hydrolysis. 

The aqueous solution from which all tetramethyl and some trimethyl glucose had been 
extracted with chloroform was evaporated to dryness. The methylated sugars were separated 
from inorganic material by extraction with alcohol. The alcoholic solution gave a mixture of 
reducing sugars, which was converted in the usual way into the corresponding methylglucosides 
with 1% methyl-alcoholic hydrogen chloride. These were isolated, as in previous instances, 
and combined with the still residue from the first fractional distillation; fractionation was then 


continued, giving : 


Fraction. B. p. (bath temp.)/0-04 mm. Weight, g. nis’, % OMe. 


TV cecccscccccccoscencessasees 140° 0-482 1-4580 61-8 

V ccc ccccseses sessecsescocese 140 7-687 1-4580 61-7 

WI ccdnsccdectodedscs see secede 140—150 4-818 1-4610 49-4 
VII 150—160 1-416 1-4680 45-16 
VEE wcoccpegeccccoercscgepocees above 160 1-30 1-4740 40-75 


Since the dimethyl methylglucoside has a refractive index of ni*° 1-4740 when prepared under 
these conditions, the total distillate of 18-1 g. is composed of 1-5 g. of tetramethyl, 13-5 g. of 
trimethyl, and 3-1 g. of dimethyl methylglucoside, corresponding respectively to 8-3%, 74-7%, 
and 17-:0% of the weight of methylated glycogen submitted to hydrolysis. 

(c) With dilute sulphuric acid. Another specimen of dogfish liver glycogen acetate was pre- 
pared as described above and methylated ten times. The crude methylated derivative (24 g.), 
[a]}® + 209° in chloroform (c, 0-6), had apparent mol. wt. 2900 (from viscosity measurements 
in m-cresol) (Found : OMe, 44-7%). It was purified by fractional precipitation in the manner 
already described and the purified material then had [a}}§° + 210°, apparent mol. wt. 2900 (from 
viscosity data) (Found: OMe, 44:3%). This methylated glycogen (18-6 g.) was hydrolysed 
as under (a), 6% sulphuric acid being used instead of hydrochloric acid; the sulphuric acid was 
neutralised with barium carbonate and the solution was filtered and evaporated to dryness 
under reduced pressure. The whole of the hydrolysis product (consisting of tetra-, tri-, and 
di-methy] glucose) was extracted with alcohol and converted into the methylglucosides by boiling 
for 7 hours with 20 parts of 1% methyl-alcoholic hydrogen chloride. The solution was cooled, 
neutralised with silver carbonate, and filtered. The glucosides (21 g.) obtained on elimination 
of solvent were slowly distilled until the refractive index of the distillate was constant at that of 
pure trimethyl methylglucoside (n}*" 14580). This distillate (10-6 g.) was then refractionated, 
giving : 

Fraction. . B. p. (bath temp.)/0-07 mm. Weight, g. nis, % OMe. 

D  sccheasaascmaste mater 115° 1-21 1-4461 60-5 

BE sev cecusevdnesspgesetbeess 115—125 0-930 1-4516 56-45 

TEE inc dcvcvndecdosicbocchivance 125—135 1-490 1-4566 53-1 
(last drop 1-4580) 


The next fraction collected was pure trimethyl methylglucoside and had mi* 1-4580 (Found : 
OMe, 51-:9%). From the refractive index, the estimated tetramethyl methylglucoside in frac- 
tions I, II, and III amounts to 1-9 g. (9-65% by weight of the methylated glycogen submitted 
to hydrolysis). 
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II. Glycogen from the Liver of Haddock. 


This glycogen was soluble in cold water, giving an opalescent solution which ha) [«]}*° 
+ 180° (c, 0-5), iodine number ca. 2-8. Like all the other specimens of glycogen examined 
in this investigation, it gave a deep red colour with iodine and did not reduce Fehling’s 
solution. 

Acetylation.—By the pyridine—acetic anhydride method described above, 60 g. of glycogen 
gave 95 g. of acetate, [«]}* + 171° in chloroform (c, 0-7) (Found : CH,°CO, 44:2%). Apparent 
mol. wt. 3100 from viscosity measurements in m-cresol. Fractional precipitation from chloro- 
form solution by the addition of light petroleum failed to reveal the presence of degraded 
material. The acetate (3-3 g.), dissolved in acetone, was deacetylated with potassium hydroxide 
(see above) and regenerated glycogen (1-6 g.) was obtained. This gave a clear solution in water 
and showed [a]}® + 189° (c, 0-9); iodine number ca. 2-9. It gave the characteristic deep red 
colour with iodine and did not reduce Fehling’s solution. 

Methylation of Glycogen Acetate-—The acetate (90 g.) was methylated in portions of 10 g. 
with methyl sulphate and sodium hydroxide in the presence of acetone as previously described. - 
After nine methylations, the crude material (55 g.) was freed from inorganic impurity. It then 
had [a]i® + 212° in chloroform (c, 1-0); apparent mol. wt. by viscosity measurements 2600 
(Found: OMe, 44-5%). Precipitation of the methyl glycogen from chloroform solution by 
addition of light petroleum gave the following fractions : 


Fraction. I. II. III. IV. 
10-0 20-0 11-1 8-9 
44-6 44-6 45-0 44-8 
ee # +215° +214° +214° 
Apparent mol. wt. from viscosity in m-cresol ... 2600 2500 2800 3000 


Molecular-weight determinations carried out on fraction II by Rast’s method gave values 
between 2300 aiid 2500 (cf. Haworth and Percival, loc. cit.). 

Hydrolysis of Methylated Glycogen with Aqueous Acid.—(a) Fraction II (19-6 g.) was hydrolysed 
by heating with glacial acetic acid (100 c.c.) and 6% hydrochloric acid (200 c.c.). The whole of 
the tetramethyl glucose and some trimethyl glucose were extracted from the aqueous solution 
by chloroform and after removal of the solvent they were converted into the corresponding 
glucosides by boiling with 1% methyl-alcoholic hydrogen chloride and these were separated 


by fractional distillation : 


Fraction. B. p. (bath temp.}/0-08 mm. Weight, g. nis, % OMe. 


Bi WOE sb aw edeesevidicdont 115—120° 1-199 1-4460 60-55 
BE iee-nausoneseelanbied 120—125 0-376 1-4480 59-0 
BEB, ..cnated apa dentine denadanneoy4 125—135 0-831 1-4530 55-45 
(last drop 1-4580) 
A further fraction of trimethyl methylglucoside was obtained having nj*" 1-4580 (Found : OMe, 
51-7%). The estimated yield of tetramethyl methylglucoside present in the various fractions 
amounted to 1-89 g. (yield, 9-1% of the weight of methylated glycogen hydrolysed). 

(b) In the same way as in (a) fractions III and IV of the methylated glycogen were combined 
(18-4 g.) and hydrolysed with a mixture of glacial acetic acid and dilute hydrochloric acid. 
Separation of the tetramethyl methylglucoside was similarly effected, giving the following 
fractions in the final distillation : 


Fraction. B. p. (bath temp.) /0-04 mm. Weight, g. nis", % OMe. 
satinddts therein 112—120° 1-523 1-4460 60-1 
TE Vividndubscttnbobshcecseetes ate 120—125 0-504 1-4516 56-25 
(last drop 1-4580) 
Further fractional distillation gave pure 2 : 3 : 6-trimethyl methylglucoside (0-6 g.), n}®° 1-4580 
(Found : OMe, 515%). In the fractions I and II the estimated amount of tetramethyl methyl- 
glucoside is 1-82 g. (yield, 9-3% of the weight of methylated glycogen hydrolysed). 

In the above hydrolyses, the aqueous solutions, after chloroform extraction to remove the 
tetramethyl glucose, were carefully examined for the presence of tetramethyl glucose, by 
converting the reducing methylated sugars (obtained on evaporation) into glucosides and 
subjecting the latter to fractional distillation. None could be detected. 
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III. Glycogen from the Liver of Hake. 


Like the dogfish liver glycogen, this material was only partly soluble in cold water. The 
fraction (80%) insoluble in cold water could be dissolved with difficulty in boiling water (remain- 
ing soluble on cooling) or aqueous alkali, or with greater facility in cold dilute acetic or dilute 
hydrochloric acid. There appeared to be no difference between samples of glycogen prepared 
by cold water extraction or by dilute acid treatment. All specimens gave an intense red colour 
with aqueous iodine and had [«]}* ca. + 190° in water (c, 0-5); iodine number ca. 2-8. They 
had no action on boiling Fehling’s solution. 

Acetylation.—The fraction of the crude glycogen soluble in cold water gave, on treatment 
with pyridine and acetic anhydride, an acetate having [«]?” + 171° in chloroform (c, 0-8) and 
an apparent mol. wt. 3900 (by viscosity measurements in m-cresol) (Found : CH,°CO, 44-5%). 
The fraction insoluble in cold water after conversion into the soluble form by boiling water gave 
an acetate identical with the previous one {[a]p + 173° in chloroform (c, 0-8); apparent mol. 
wt. by viscosity determinations, 3100} (Found : CH,°CO, 44-7%). Similarly the cold-water- 
insoluble fraction made soluble with 0-1n-hydrochloric acid gave an acetate which showed 
(a}?" + 175° in chloroform (c, 0-7) and had an apparent mol. wt. 3300 by viscosity measurements 
in m-cresol (Found : CH,°CO, 44-5%). 

The main bulk of the acetate was prepared by boiling the glycogen (20 g.) in water (500 c.c.) 
for 2 hours, complete solution then being attained; the opalescent solution (1 vol.) was poured 
into alcohol (3 vols.), and the flocculent glycogen acetylated by the pyridine—acetic anhydride 
method previously described. The acetate (33 g.) thus obtained had [«]?” + 171° in chloroform 
(c, 0-8) and an apparent mol. wt. 3300 by viscosity determinations in m-cresol (Found : CH,°CO, 
44-6%). Glycogen regenerated from a sample of this acetate had [«]j* + 192° in water (c, 
0-6) and iodine number ca. 2-7. 

Methylation of Glycogen Acetate-—The acetate (33 g.) gave after ten methylations by the 
method already described 21 g. of methylated glycogen which had [a]? + 210° in chloroform 
(c, 1-0), and an apparent mol. wt. 3000 by viscosity measurement in m-cresol (Found : OMe, 
44-4%). The methylated derivative, dissolved in chloroform, was precipitated in fractions by 
the addition of light petroleum. These were reprecipitated and dried in a vacuum at 100° : 


Fraction. I. II. III. IV. 
Weoigitt (B.) woe oiccisvsc sss ciscesens sos covcccccrcessooceg eee 2-5 7-0 6-2 4-3 
CGS ii ssc ccknetnserdcvcsncniiocdsottenacte debit séceee 44-5 44-5 44-1 44-8 
Fede 8 CHICA, cccccccccccccccccccccesccceccovececccesecsccss 6 PRES 213° 212° 213° 
Apparent mol. wt. from viscosity in m-cresol ... 2910 2960 3030 2890 


Hydrolysis of Methylated Glycogen.—The above four fractions were combined and the material 
(19-5 g.) was hydrolysed with a mixture of glacial acetic acid (100 c.c.) and 5% hydrochloric 
acid (200 c.c.). By the procedure already outlined above, tetramethyl glucose was removed 
together with some trimethyl glucose from an aqueous solution by extraction with chloroform. 
The methylglucosides were then formed and fractionally distilled, giving : 


Fraction. B. p. (bath temp.) /0-05 mm. Weight, g. nis? % OMe. 
FF  ccvices tec cecdevecdecsoscees 108—112° 1-640 1-4454 60-84 
TT cccccccccces cos ccvwed see ose 112—130 0-60 1-4530 55-2 
(last drop 1-4580) 

TIT secccvccoccp ceeds coscesese 130 1-739 1-4580 51-5 
The total amount of tetramethyl methylglucoside estimated in fractions I and II was 2-0 g., 
which corresponds to a yield of 9-7% of the methylated glycogen hydrolysed. The aqueous 
solution after chloroform extraction was evaporated to dryness and the methylglucosides were 
prepared and isolated in the way previously described. These were combined with the residual 
undistilled glucosides from the first distillation, and the process of fractional distillation 


continued : 


Fraction. B. p. (bath temp.) /0-05 mm. Weight, g. ais’, % OMe. 


TV‘ cccdcccsecssccccescocsecces 130—140° 13-823 1-4580 51-3 

V weeded css cocsed de coedecove 140—150 1-44 1-4640 47-72 

VI cccccscccconnstesscesteveee above 150 1-122 1-4725 42-0 
VII cccccccccccsccsccccnccesoss 0-646 1-4740 41-1 


” ” 


On the assumption that the refractive index of dimethyl methylglucoside is n}*’ 1-4740 it can be 
calculated that the fractions V, VI, and VII contain a total of 2-0 g. of dimethyl methylglucoside. 
Since fractions I and II contain 1-82 g. of tetramethyl methylglucoside, it follows that the amount 
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of trimethyl methylglucoside in the total distillate (21 g.) is 17-18 g. The yields, calculated on 
the weight of material hydrolysed, are &-7, 80-9, and 10-4% for tetra-, tri-, and di-methyl 
methylglucoside respectively. 


IV. Glycogen from the Muscle of Dogfish. 


The hard white powder was indistinguishable from the dogfish liver glycogen. It partly 
dissolved in water, forming a neutral opalescent solution which gave a deep red colour with 
iodine and did not reduce Fehling’s solution even on prolonged boiling. The fraction soluble 
in cold water had [«]}®° + 190° in water (c, 0-5), iodine number ca. 2-8. The insoluble fraction, 
after conversion into the soluble form by 0-1n-hydrochloric acid, gave a white powder on pre- 
cipitation from aqueous solution by alcohol. It then dissolved in water, giving a clear solution, 
and had [a]}§° + 195° (c, 1-0), iodine number ca. 2-7. 

Preparation of Glycogen Acetate.—Both the cold-water-soluble and the cold-water-insoluble 
portion of the glycogen furnished the same acetate and hence the main bulk of crude glycogen 
(17 g.) was dissolved in 200 c.c. of 0-ln-hydrochloric acid, precipitated with alcohol, freed 
from mineral acid by reprecipitation, and immediately acetylated with pyridine and acetic 
anhydride as described in previous cases. The acetate (24 g.) had [aJi® + 170° in 
chloroform (c, 0:7) and an apparent mol. wt. of 3840 by viscosity measurements in m-cresol 
(Found : CH,°CO, 445%). It gave on deacetylation an almost quantitative yield of regenerated 
glycogen, [«]?”° + 193° in water (c, 1-0), iodine number ca. 2-8. 

Methylation of Glycogen Acetaie.—The acetate (24 g.) gave after seven methylations by the 
method previously described 15 g. of methylated glycogen, which had [«]?” + 210° in chloroform 
(c, 0-9) and an apparent mol. wt. of 2830 by viscosity measurements in m-cresol (Found : OMe, 
440%). It was separated into two fractions by precipitation from chloroform with light 
petroleum. These were identical and had [a]}*° + 211° in chloroform (c, 1:0) and apparent mol. 
wt. 2850 by viscosity measurements (Found: OMe, 44:0%). 

Hydrolysis of Methylated Glycogen with Aqueous Acid.—The methylated glycogen (13-6 g.) 
was hydrolysed with glacial acetic acid (80 c.c.) and 5% hydrochloric acid (160 c.c.) and the pro- 
duct was isolated as before. The syrupy mixture of all the tetramethyl glucose and some of the 
trimethyl ‘glucose so obtained was boiled with 1% methyl-alcoholic hydrogen chloride for 7 
hours, The methyl glucosides thus produced were isolated (15-2 g.) and subjected to fractional 
distillation, giving : 

Fraction. B. p. (bath temp.) /0-05 mm. Weight, g. nis*, % OMe. 


120—125° 0-946 1-4470 59-9 
125—135 1-046 1-4524 55-7 


(last drop 1-4580) 
135—140 6-725 1-4 51-3 


(last drop 1-4580) 
140—145 1-89 1-4590 50-5 
145—155 1-332 1-4620 48-83 
155—170 1-13 1-4717 42-8 
above 170 1-162 1-4740 40-95 


The estimated amount of tetramethyl methylglucoside in fractions I and IT is 1-38 g., giving a yield 
of 9-6% of tetramethyl glucose. The total distillate of 14-23 g. therefore consists of 1-25 g., 
10-4 g., and 2-58 g. of tetra-, tri-, and di-methyl methylglucoside respectively. The yields 
calculated on the weight of material hydrolysed were therefore tetramethyl methylglucoside 
8-8%, trimethyl methylglucoside 73:1%, and dimethyl methylglucoside 18-1%. These figures 
are calculated from the refractive index. 

Isolation of Crystalline 2: 3: 4 : 6-Tetramethyl Glucopyranose.—A portion of the tetramethyl 
methylglucoside obtained in each of the above hydrolyses was hydrolysed by heating with 6% 
sulphuric acid on the boiling water-bath. When the rotation of the solution became constant, 
the sulphuric acid was neutralised with barium carbonate and the solution was evaporated to 
dryness under diminished pressure. The residue was extracted with alcohol to remove a small 
amount of mineral impurity and the alcoholic solution was evaporated to dryness, giving a 
pale yellow syrup which crystallised spontaneously. After recrystallisation from ether-—light 
petroleum the samples of tetramethyl glucose had m. p. 91—92° alone or in admixture with an 
authentic specimen, [«]?”” + 83° (equilibrium value in water). 

Isolation of Crystalline 2 : 3 . 6-Trimethyl Glucopyranose.—Similarly a portion of the trimethyl 
methylglucoside from each hydrolysis experiment was converted into the corresponding 
trimethyl glucose. After recrystallisation from ether the 2: 3 ; 6-trimethyl glucose had m. p. 

6K 
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117° alone or in admixture with authentic 2:3: 6-trimethyl glucopyranose, [a]? + 69° 
(equilibrium value in water). 


We are greatly indebted to the Torry Research Station of the Department of Scientific 
and Industrial Research at Aberdeen for the specimens of glycogen mentioned in this paper. 


Tue A. E. Hitts LABORATORIES, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM. [Received, October 4th, 1939.] 





396. The Synthesis of 5-Hydroxy-8-methoxyflavone (Primetin 
Monomethyl Ether). 


By Witson Baker, N. C. Brown, and (in part) J. A. Scott. 


Evidence has recently been brought forward to show that primetin is 5: 8-di- 
hydroxyflavone (VIII), and not 5: 6-dihydroxyflavone (VII) as previously believed. 
This view is now confirmed by the synthesis of 5-hydroxy-8-methoxyflavone (VI) via 
the stages (I) to (V), and this compound is identical with primetin monomethy] ether. 
The demethylation of (VI) to primetin has not been satisfactorily accomplished; the 
use of hydrobromic acid causes rearrangement to 5: 6-dihydroxyflavone (VII). 
Experiments having as their object the synthesis of 6: 8-dihydroxyflavone are 
described. 


A RECENT paper (Baker, this vol., p. 956) described the synthesis of 5 : 6-dihydroxyflavone 
(VII), which was found to differ widely from primetin isolated from Primula modesta 
(Hattori and Nagai, J. Chem. Soc. Japan, 1930, 51, 162; Acta Phytochim., 1930, 5, 1). 
A careful review of the available evidence led to the conclusion that primetin must be 
5 : 8-dihydroxyflavone (VIII), and this is now confirmed by the synthesis of 5-hydroxy-8- 
methoxyflavone (VI), which proves to be identical with primetin monomethy] ether. 

2 : 6-Dihydroxyacetophenone was converted into 2-hydroxy-6-benzyloxyacetophenone 
(I), and this was then oxidised in alkaline solution by potassium persulphate, giving 2 : 5- 
dihydroxy-6-benzyloxyacetophenone (II). The yield of (II) from (I) was 85%, which is 
considerably higher than any previously recorded in this reaction; the high yield appears 
to be largely due to the mild conditions which had to be employed in the hydrolysis of 
the intermediate phenyl hydrogen sulphate derivative in order to prevent hydrolysis of the 
benzyloxy-group. Compound (II) was now methylated, giving 2: 5-dimethoxy-6- 
benzyloxyacetophenone, and removal of the benzyl group with hydrochloric in acetic acid 
at 60° gave 2-hydroxy-3 : 6-dimethoxyacetophenone (III). The benzoyl derivative of this 
ketone when treated with sodamide in toluene underwent a ready rearrangement to 
2-hydroxy-3 : 6-dimethoxydibenzoylmethane (IV) and ring closure to 5 : 8-dimethoxyflavone 
(V) was brought about with sodium acetate in acetic acid. 


OH OMe MeO oO 


O-CH,Ph ‘O-CH,Ph _. Ph 
co-cH, ~* ‘4 CO-CH, O ‘CH, ~” OE ‘CH, COPh | 
H OH M O 


(I.) (II.) (III) (IV. or: i ) 


yr ste Be of af 
H O 
(VIII.) (VIL.) (VI.) 
Demethylation of 5: 8-dimethoxyflavone (V) to 5-hydroxy-8-methoxyflavone (V1), 
m. p. 209—210°, was readily effected by the action of aluminium chloride in ether, and that 


no alteration of orientation had occurred was proved by the facts that (VI) regenerated 
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5 : 8-dimethoxyflavone (V) on vigorous methylation, and was not identical with 5-hydroxy- 
6-methoxyflavone (Baker, Joc. cit.). The properties of 5-hydroxy-8-methoxyflavone (VI) 
agree with those of primetin monomethy] ether, m. p. 210—211°, and complete identity 
was confirmed by a mixed melting-point determination. The acetyl derivative of (VI) 
was, moreover, found to have the same melting point, 175—176°, as the acetyl derivative 
of primetin monomethyl ether. Hattori and Nagai (loc. cit.) state that primetin mono- 
methyl ether gives a violet-brown ferric chloride reaction, but we have found that both the 
synthetical and the natural material give a bluish-green reaction. 

Attempts to bring about the further demethylation of (VI) to primetin have not been 
completely successful. The compound was unchanged when (1) refluxed with aluminium 
chloride or bromide in dry ethereal or dioxan solution for periods up to 5 days, (2) refluxed 
with a 50% mixture of acetyl bromide and acetic anhydride, (3) treated for 2 days at 0° 
with acetic anhydride saturated with hydrogen bromide (see Hess and Neumann, Ber., 
1935, 68, 1371), (4) heated for varying times and at various temperatures with aluminium 
chloride in nitrobenzene or a mixture of nitrobenzene and ether. In some of the last 
experiments, however, further but incomplete demethylation occurred; a yellow product 
was isolated which dissolved in alkali with a reddish colour, gave an intense olive-green 
colour with alcoholic ferric chloride, and melted above 220° and was undoubtedly crude 
primetin, but the amount was too small for proper identification or analysis. The employ- 
ment of more vigorous conditions led to decomposition. The resistance to demethylation 
with aluminium halides appears to be due to the formation of a stable aluminium complex 
of (VI) (see experimental section). Demethylation of (V) or (VI) with hydrobromic acid 
in acetic acid was accompanied by rearrangement, involving the opening and closing of the 
heterocyclic ring, to 5 : 6-dihydroxyflavone (VII) (Baker, loc. cit.). 

The formation of the monobenzyl ether of 2: 6-dihydroxyacetophenone (I) was 
accompanied by the production of a smaller quantity of 2 : 6-dibenzyloxyacetophenone. 
The preparation of these ethers disproves the statement by Gulati and Venkataraman (J., 
1936, 267) that “‘ hydroxyl in the o-position to a keto-group cannot be benzylated,” the 
statement referring to benzylation under the conditions employed in the present paper. 
It has been observed that the oxidation of 2: 6-dihydroxyacetophenone with alkaline 
persulphate gives 2: 3 : 6-trihydroxyacetophenone, which was characterised as its triacetyl 
derivative. 

As a contribution to our knowledge of the structure of primetin, experiments were 
begun having as their object the synthesis of 6 : 8-dihydroxyflavone, which is now the only 
unknown of the six dihydroxyflavones with an unsubstituted phenyl group. 2: 3-Di- 
methoxyacetophenone was demethylated with aluminium chloride in ether to 2-hydroxy- 
3-methoxyacetophenone, which was then oxidised with alkaline potassium persulphate 
to 2 : 5-dihydroxy-3-methoxyacetophenone (IX). Owing to the poor yield of (IX) and the 
labour involved in preparing the starting material this line of approach was abandoned. 
2-Hydroxy-5-methoxyacetophenone (convenient preparation from quinol dimethyl ether) 
was oxidised with alkaline persulphate, giving 2 : 3-dihydroxy-5-methoxyacetophenone (X) 
and 2: 2’-dihydroxy-5 : 5'-dimethoxy-3 : 3’-diacetyldiphenyl. The usual flavone synthesis 
did not take place when (X) was fused with benzoic anhydride and sodium benzoate at 180— 
190°; only a trace of amorphous material was isolated. The monomethy]l ether of (X) 
was converted into its benzoyl derivative, 2-benzoyloxy-3 : 5-dimethoxyacetophenone, but 
when treated with sodamide in toluene the benzoyl group did not undergo the usual ready 
migration to give a dibenzoylmethane. 


OMe OH OMe OMe 


H H H OMe 
HO O*CH, MeO O-CH, HO: CHO MeO CO-CH,°COPh 


(IX.) (X.) (XI.) (XIT.) 


The third method started from o-vanillin, which was oxidised by alkaline potassium 
persulphate to 2: 5-dihydroxy-3-methoxybenzaldehyde (XI), a small quantity of 4: 4’- 
dihydroxy-3 : 3'-dimethoxydiphenyl-5 : 5’-dialdehyde being also isolated. The aldehyde 
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(XI) was methylated, giving 2:3: 5-trimethoxybenzaldehyde, and then oxidised to 
2:3: 5-trimethoxybenzoic acid, whose methyl ester was condensed with acetophenone 
under the influence of sodium in toluene, yielding 2: 3 : 5-trimethoxydtbenzoylmethane 
(XII). This compound, however, underwent decomposition when heated with hydro- 
bromic acid in acetic acid, and no recognisable product was formed when it was refluxed 
with aluminium chloride in ether. 


EXPERIMENTAL. 


2-Hydroxy-6-benzyloxyacetophenone (I).—A mixture of 2: 6-dihydroxyacetophenone (60 g.) 
(Baker, J., 1934, 1953), acetone (300 c.c.), benzyl chloride (70 g.), and anhydrous potassium 
carbonate (120 g.) was refluxed for 3 hours with continual stirring, more potassium carbonate 
(40 g.) being then added and heating continued for 6 hours. The reaction mixture was now 
diluted, acidified, and the sticky solid collected, drained, washed with water, dried, and crystal- 
lised from light petroleum (b. p. 80—100°) (yield of crystallised material, 55 g.). 2-Hydroxy-6- 
benzyloxyacetophenone forms almost colourless, prismatic needles, m. p. 109—110° (Found : 
C, 74:2; H, 6-0. C,;H,,0, requires C, 74-4; H, 58%). Its alcoholic solution gives a dull 
violet coloration with ferric chloride. 

2 : 6-Dibenzyloxyacetophenone, produced in small quantity as a by-product in the preceding 
preparation, was isolated by means of its insolubility in alkali and crystallised from dilute 
alcohol and then from absolute alcohol, being obtained in long, flat needles, m. p. 71-5° (Found : 
C, 79:2; H, 5-8. C,,H,,O; requires C, 79-5; H, 6-0%). 

2 : 5-Dihydroxy-6-benzyloxyacetophenone (II).—To a stirred solution of 2-hydroxy-6- 
benzyloxyacetophenone (I) (24-2 g.; 1 mol.) in water (200 c.c.) containing sodium hydroxide 
(20 g.; 5 mols.) was added dropwise during 4 hours a solution of potassium persulphate 
(29-7 g.; 1-1 mols.) in water (600 c.c.), the temperature being kept at 15—20°. After 24 hours 
the solution was acidified to Congo-red, the precipitate of unchanged 2-hydroxy-6-benzyloxy- 
acetophenone collected, washed, and dried (10 g.), and the filtrate extracted twice with ether 
(the ether contained 2-1 g. of a brown, non-crystalline material). To the aqueous layer was now 
added concentrated hydrochloric acid (100 c.c.) and a layer of ether (300 c.c.), and the whole 
refluxed on the water-bath for 1 hour, after which the ethereal layer was separated, dried by 
sodium sulphate, and evaporated, leaving the dihydroxy-compound as a light brown, crystalline 
solid (10-3 g.) (it is advisable to remove the last few c.c. of ether in a current of air; the quinol 
derivative undergoes decomposition when heated for some time on the water-bath). A second 
refluxing for 2 hours under ether (300 c.c.) yielded a further quantity (2-3 g.) of the slightly 
less pure material. 2: 5-Dihydroxy-6-benzyloxyacetophenone separates from light petroleum 
(b. p. 60—80°) in thin, yellow plates, m. p. 94° (Found: C, 70-0; H, 5-5. C,;H,,O, requires 
C, 69-8; H, 54%). It dissolves in aqueous sodium hydroxide with a bright yellow colour, 
and its alcoholic solution gives a light, transient green colour, turning to orange, on the addition 
of ferric chloride. Its solution in concentrated sulphuric acid is orange. 

2 : 5-Dimethoxy-6-benzyloxyacetophenone.—The preceding compound (12 g.; not recrystal- 
lised) was dissolved in a solution of potassium hydroxide (30 g.) in water (120 c.c.) and acetone 
(20c.c.) in an atmosphere of coal gas, and vigorously stirred during the addition of methyl sulphate 
(30 c.c.) (1 hour). Further similar quantities of alkali and methyl sulphate were then slowly 
added, and after 3 hours the solid dimethoxy-compound was collected, washed, dried (11 g.), 
and crystallised from light petroleum (b. p. 60—80°). It separated in thin, rhombic plates, 
m. p. 74° (Found : C, 71-4; H, 6-4. C,,H,,0, requires C, 71-3; H, 6-3%). 

2-Hydroxy-3 : 6-dimethoxyacetophenone (III).—2 : 5-Dimethoxy-6-benzyloxyacetophenone (5 
g.; recrystallised from light petroleum), glacial acetic acid (20 c.c.), and concentrated hydro- 
chloric acid (10 c.c.) were heated at 60° for 1 hour, and the yellow solution diluted with water 
and extracted with ether. The ethereal layer was washed with water, and then with an excess 
of aqueous sodium hydroxide, which, after acidification and seeding, deposited the hydroxy- 
ketone as a brownish-yellow solid, which was collected, washed, and dried (yield 3-4 g.). 
2-Hydroxy-3 : 6-dimethoxyacetophenone (III) separated from light petroleum (b. p. 40—60°) in 
large, thin, bright yellow, ‘“‘ diamond-shaped ”’ plates, m. p. 61° (Found: C, 61-0; H, 6-0. 
Ci9H,,0, requires C, 61-2; H, 6-1%). Its solution in aqueous sodium hydroxide is yellow, and 
in concentrated sulphuric acid orange; with alcoholic ferric chloride it gives an intense blue- 
green coloration. This ketone is only very slightly volatile in steam, whereas the isomeric 
2-hydroxy-5 : 6-dimethoxyacetophenone (Baker, this vol., p. 960) is extremely easily volatile 
in steam. 
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2-Benzoyloxy-3 : 6-dimethoxyacetophenone.—2-Hydroxy-3 : 6-dimethoxyacetophenone (III) 
(1-5 g.), pyridine (5 c.c.), and benzoyl chloride (1-08 g.; 1 mol.) were heated on the water-bath 
for 20 minutes, dilute hydrochloric acid then added, and the crystalline solid collected, washed 
with dilute hydrochloric acid and water, and dried (yield 2-0 g.). The substance separated from 
light petroleum (b. p. 40—60°) in nacreous plates, m. p. 119° (Found: C, 67-9; H, 5:2. 
C,7,H,,O0, requires C, 68-0; H, 5-4%). 

2-Hydroxy-3 : 6-dimethoxydibenzoylmethane (IV).—2-Benzoyloxy -3 : 6-dimethoxyaceto- 
phenone (5 g.) was added to finely powdered sodamide (10 g.) under toluene (50 c.c.), and the 
mixture heated on the water-bath for 4 hours, a fairly vigorous evolution of ammonia occurring 
during the first few minutes. The solids were now collected, washed with benzene, dried, and 
stirred slowly into ice-water (unchanged sodamide !), and the solution saturated with carbon 
dioxide. The precipitated yellow diketone was collected, washed, dried (yield 3-2 g.),. and 
crystallised from benzene. It separated in small, bright yellow, rhombic prisms, m. p. 165° 
(Found : C, 67-9; H, 5-2. C,,H,,0; requires C, 68-0; H, 5-4%). It dissolved in warm, dilute, 
aqueous sodium hydroxide with a very pale yellow colour and in cold concentrated sulphuric 
acid with a bright orange-yellow colour. Its alcoholic solution gave an intense reddish-brown 
colour with ferric chloride. The toluene filtrates and benzene washings from several experiments 
were united and shaken with aqueous sodium hydroxide, and the alkaline layer saturated with 
carbon dioxide, giving a further quantity of (IV). 

5 : 8-Dimethoxyflavone (V).—2-Hydroxy-3 : 6-dimethoxydibenzoylmethane (IV) (1:0 g.) 
was heated on the water-bath for 2 hours with glacial acetic acid (10 c.c.) and anhydrous sodium 
acetate (1 g.), water added, and the colourless precipitate collected, washed, dried (yield 0-9 g.), 
and crystallised first from ethyl alcohol at 0°, then from benzene (needles containing solvent of 
crystallisation which is lost at 100°, the crystals becoming opaque) and finally from ether after 
heating to 100°. It formed colourless needles which, after loss of water at about 120°, had m. p. 
144—145° (Found in material fused at 160°: C, 72-4; H, 4:9. C,,H,,O, requires C, 72:3; H, 
5-0%). Its solution in concentrated sulphuric acid was bright yellow. 

5-Hydroxy-8-methoxyflavone (Primetin Monomethyl Ether) (V1).—65 : 8-Dimethoxyflavone 
(V) (0-5 g.) was added to a solution of anhydrous aluminium chloride (5 g.) in absolute ether 
(30 c.c.) and the mixture, which immediately became yellow, was refluxed for 18 hours. Water 
was now cautiously added, the ether being allowed to escape, the orange-coloured aluminium 
complex which separated was collected, washed, and heated on the water-bath for 5 minutes 
with acetic acid (10 c.c.) and concentrated hydrochloric acid (2 c.c.), and the solution poured 
into water. The yellow precipitate was collected, washed with dilute sodium hydroxide solution 
and then water, and crystallised twice from ethyl alcohol, in which it was sparingly soluble. It 
separated in long, thin, sulphur-yellow needles (0-15 g.), m. p. 209—210° (Found: C, 71-6; 
H, 4:7. Cy gH,,O, requires C, 71-6; H, 45%). The m. p. of a mixture with natural primetin 
monomethyl ether (m.. p. 207—208°) was 208—209°. 5-Hydroxy-8-methoxyflavone gives an 
intense bluish-green coloration with alcoholic ferric chloride. It is insoluble in cold, but dissolves 
very slightly in boiling dilute sodium hydroxide solution with a yellow colour. In concentrated 
sulphuric acid it gives a yellow solution without fluorescence. Vigorous methylation with a 
large excess of methyl sulphate and potassium hydroxide in dilute acetone solution regenerated 
5 : 8-dimethoxyflavone, which, after crystallisation from ether, had m. p. and mixed m. p. 
144—-145°. The acetyl derivative, prepared by boiling with an excess of acetic anhydride and 
a drop of pyridine for 2 hours and pouring into water, crystallised from alcohol in long, colour- 
less, silky needles, m. p. 175—176° (Found: C, 70-2; H, 4:8. C,,H,,O, requires C, 69-7; H, 
4-5%). Hydrolysis with boiling dilute aqueous alcoholic potassium hydroxide for 2 minutes, 
dilution, and acidification regenerated 5-hydroxy-8-methoxyflavone, m. p. and mixed m. p. 
209—210°. 

5 : 6-Dihydroxyflavone (VII).—5: 8-Dimethoxyflavone (or 5-hydroxy-8-methoxyflavone) 
(0-15 g.) was refluxed for 18 hours with acetic acid (2 c.c.) and hydrobromic acid (2 c.c.; d 1-5), 
water added, and the precipitated greenish solid collected, and crystallised from dilute alcohol 
(charcoal). The slightly impure yellow needles, m. p. 185—190° with previous softening, 
showed all the properties of 5: 6-dihydroxyflavone, and gave a diacetyl derivative which separated 
from alcohol in colourless flakes, m. p. 164°, either alone or mixed with 5 : 6-diacetoxyflavone of 
the same m. p. 

2:3: 6-Trihydroxyacetophenone.—2 : 6-Dihydroxyacetophenone (12-5 g.; 1 mol.) in a 
solution of sodium hydroxide (17 g.) in water (150 c.c.) was stirred for 4 hours at 15—20° during 
the dropwise addition of a solution of potassium persulphate (24-4 g.; 1-1 mols.) in water (500 
c.c.). After 24 hours the solution was acidified to Congo-red, filtered, extracted with ether, 
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boiled for 20 minutes with the addition of concentrated hydrochloric acid (150 c.c.), filtered hot 
after the addition of charcoal, and cooled, and after several hours the dark greenish-yellow 
crystalline product was collected. A little more of the substance was obtained by ether 
extraction of the filtrate (total yield, 4 g.). It was recrystallised from slightly diluted alcohol 
(charcoal) and obtained as fine, bright yellow needles, which decomposed above 230° without 
melting (Found in material dried in a vacuum at 100°: C, 57-3; H, 4:9. C,H,O, requires C, 
57-1; H, 48%). 2:3: 6-Trihydroxyacetophenone dissolves in aqueous sodium hydroxide with 
a yellow colour turning in several seconds to a dark greenish-blue. The addition of ferric 
chloride toits alcoholic solution gives a dull, yellow-brown colcur, a dark precipitate subsequently 
separating from the solution. The ¢riacetyl derivative, prepared by boiling with acetic anhy- 
dride for 2 hours and then shaking with water, separated from alcohol in small, thick rhombs, 
m. p. 155° (Found: C, 57-5; H, 4-6. C,,H,,0O, requires C, 57-1; H, 4:8%). 

2-Hydroxy-3-methoxyacetophenone.—2 : 3-Dimethoxyacetophenone (13-5 g.) (Baker and 
Smith, J., 1936, 347) was added to a solution of aluminium chloride (90 g.) in anhydrous ether 
(300 c.c.), and the solution refluxed for 12 hours, poured on ice and dilute hydrochloric acid, and 
steam-distilled. The distillate yielded to ether 2-hydroxy-3-methoxyacetophenone (12 g.), 
which separated from light petroleum (b. p. 40—60°) in pale yellow prisms, m. p. 54° (Found : 
C, 65-2; H, 6-2. Calc. for C,H,,O,: C, 65-1; H, 6-0%) (Reichstein, Helv. Chim. Acta, 1927, 
10, 392, gives m. p. 53—54°). It gives an indigo-blue colour with alcoholic ferric chloride, and 
yields a sparingly soluble yellow sodium salt. 

2 : 5-Dihydroxy-3-methoxyacetophenone (IX).—2-Hydroxy-3-methoxyacetophenone (14 g.) 
was oxidised with alkaline potassium persulphate in the usual manner (see oxidation of 2-hydroxy- 
6-benzyloxyacetophenone), unchanged material (4 g.) being recovered. The product was 
crystallised first from water and then benzene and obtained as light ochre-yellow prisms (0-3 g.), 
m. p. 172° (Found: C, 59-4; H, 5-2. C,H,,O, requires C, 59-3; H, 55%). 2: 5-Dihydroxy-3- 
methoxyacetophenone gives in aqueous sodium hydroxide a yellow solution which quickly turns 
brown, and with alcoholic ferric chloride a bluish-green coloration which soon fades. The 
diacetyl derivative, prepared by boiling with acetic anhydride for 3 hours, separated from methyl 
alcohol in hexagonal tablets, m. p. 127° (Found: C, 58-8; H, 5-6. C,,;H,,0O, requires C, 58-6; 
H, 53%). 

2-Hydroxy-5-methoxyacetophenone.—Powdered anhydrous aluminium chloride (56 g.) and 
acetyl chloride (29 g.) were added to a solution of quinol dimethyl ether (56 g.) in carbon di- 
sulphide (150 c.c.). After 24 hours the carbon disulphide was distilled from the product (which 
contains 2: 5-dimethoxyacetophenone; see Kaufman and Beisswenger, Ber., 1905, 38, 792), 
anhydrous ether (900 c.c.) and then aluminium chloride (200 g.) added, and the solution refluxed 
for 12 hours and poured on ice. The ethereal layer was separated, the aqueous layer shaken 
with more ether, and the united ethereal solutions shaken with excess of aqueous sodium hydr- 
oxide. The 2-hydroxy-5-methoxyacetophenone liberated on acidification was collected by 
means of ether and distilled (yield 36 g., b. p. 138—142°/12 mm.; m. p. 47—48°) (the pure 
substance has m. p. 50—51°). 

2 : 3-Dihydroxy-5-methoxyacetophenone (X).—The preceding compound (50 g.) was oxidised 
with alkaline potassium persulphate in the usual manner, and the dihydric phenol purified 
by distillation in steam and collected in ether. 2 : 3-Dihydroxy-5-methoxyacetophenone (0-5 g.) 
was obtained as yellow prisms, m. p. 120°, from light petroleum (b. p. 60—80°) (Found: C, 
59-4; H, 5-6. C,H,,O, requires C, 59-3; H, 5-5%). Its alcoholic solution gives a green colour 
with ferric chloride and a yellow precipitate with aqueous lead acetate. The solution in alkali 
is yellow. 

2 : 2’-Dihydroxy-5 : 5'-dimethoxy-3 : 3'-diacetyldiphenyl—tIn the preparation of 2: 3-di- 
hydroxy-5-methoxyacetophenone (X) a considerable brown precipitate was thrown down when 
the solution was acidified to Congo-red after the oxidation. This crystallised directly from 
benzene, but was best purified by extraction with ether from its solution in dilute aqueous 
sodium hydroxide and subsequent crystallisation from benzene-—light petroleum. It separated 
in yellow needles, m. p. 202° (Found: C, 65-5; H, 5-5. C,,H,,0, requires C, 65-5; H, 5-4%). 
It is a weak phenol and dissolves in dilute aqueous sodium hydroxide only on heating, giving 
a bright yellow solution. With alcoholic ferric chloride it gives a weak green colour. 

2-Benzoyloxy-3 : 5-dimethoxyacetophenone.—2 : 3-Dihydroxy-5-methoxyacetophenone (X) (1 
g.) in benzene (15 c.c.) was refluxed for 10 hours with methyl sulphate (0-8 g.) and excess of 
anhydrous potassium carbonate; dilute sulphuric acid and ether were then added, and the 
phenolic material isolated from the ethereal layer by shaking with aikali, acidification and 
extraction. The crude oily product (0-8 g.) was heated on the water-bath for } hour with 
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pyridine (5 c.c.) and benzoyl chloride (0-7 g.), the mixture shaken with dilute hydrochloric acid 
and ether, and the ethereal layer shaken with aqueous sodium bicarbonate and evaporated, 
leaving the solid benzoyl compound (0-8 g.). It was crystallised from light petroleum and then 
from methyl alcohol and obtained in hexagonal tablets, m. p. 142° (Found: C, 68-2; H, 5-7. 
C,,H,,0, requires C, 68-0; H, 54%). 

2 : 5-Dihydroxy-3-methoxybenzaldehyde (XI).—o-Vanillin (45 g.) was oxidised as a stirred 
suspension in water (300 c.c.) containing sodium hydroxide (60 g.) by the slow addition of a 
saturated solution of potassium persulphate (81 g.). Unchanged o-vanillin (12 g.) and the 
crude oxidation product (5 g.) were isolated in the usual way, a portion of the latter being purified 
by crystallisation from benzene and then from a large volume of light petroleum (b. p. 100— 
120°). 2: 5-Dihydroxy-3-methoxybenzaldehyde forms small yellow prisms, m. p. 143° (Found : 
C, 57:3; H, 4:9. C,H,O, requires C, 57-1; H, 48%). It gives a transient green colour with 
alcoholic ferric chloride and an orange solution in aqueous sodium hydroxide. 

4: 4’-Dihydroxy-3 : 3'-dimethoxydiphenyl-5 : 5'-dialdehyde——In the preparation of (XI) a 
precipitate sparingly soluble in ether was thrown down on acidification of the persulphate 
oxidation mixture, and this was united with the non-steam-volatile portion of the ethereal 
extract containing the unchanged o-vanillin. The product was washed with ether (Soxhlet) 
and crystallised twice from toluene-light petroleum (b. p. 80—100°) (yield, ca.0-5g.). It formed 
short, yellow needles, m. p. 210° (Found: C, 63-8; H, 4-6. C,gH,,O, requires C, 63-6; H, 
4-6%), which gave an intensely yellow solution in aqueous sodium hydroxide and a greenish-blue 
coloration with alcoholic ferric chloride. 

2:3: 5-Trimethoxybenzaldehyde.—The preceding aldehyde was treated with a large excess 
of methyl] sulphate and aqueous sodium hydroxide, and the product, isolated by means of ether 
and distilled (b. p. 168—170°/20 mm.), was crystallised twice from light petroleum (b. p. 40— 
60°) and then from dilute alcohol. It formed colourless silky needles, m. p. 63°. This aldehyde 
was prepared in a different manner by Smith and LaForge (J. Amer. Chem. Soc., 1931, 58, 
3074), who gave m. p. 71° after crystallisation from 50% alcohol. This discrepancy is possibly 
due to dimorphism. 

Methyl 2:3: 5-Trimethoxybenzoate.—2 : 3 : 5-Trimethoxybenzaldehyde was oxidised to 
2:3: 5-trimethoxybenzoic acid by shaking its solution in aqueous sodium carbonate with 
excess of potassium permanganate at 60°, passing sulphur dioxide and extracting with ether. 
The acid separated from water in fine needles, m. p. 104° (Smith and LaForge give m. p. 105°). 
The methyl ester, prepared by the Fischer—-Speier method, was isolated as a colourless oil (8 g. 
from 11-8 g. of 2: 3: 5-trimethoxybenzaldehyde), b. p. 178—180°/20 mm. (Found: C, 58-7; 
H, 6-2. C,,H,,O, requires C, 58-4; H, 6-2%). 

2:3 : 5-Trimethoxydibenzoylmethane (XII).—To finely divided sodium (0-5 g.) under toluene 
(25 c.c.) were added acetophenone (3 g.) and methyl 2 : 3 : 5-trimethoxybenzoate (4 g.), and the 
mixture heated on the water-bath for 10 hours. After the addition of a little alcohol the product 
was treated with dilute sulphuric acid and ether, and the ethereal layer washed with aqueous 
sodium bicarbonate and then aqueous sodium hydroxide; the latter solution on acidification 
deposited the crude oily ketone, an ethereal solution of which was shaken with saturated aqueous 
copper acetate. The resulting copper derivative was collected, washed with water and alcohol, 
and decomposed by stirring for 2 hours with dilute sulphuric acid and ether. The ethereal layer 
yielded the solid diketone (1-1 g.), which, after twice crystallising from light petroleum (b. p. 
60—80°), formed aggregates of minute, faintly yellow needles, m. p. 82° (Found: C, 68-8; 
H, 5-8. C,,H,,0, requires C, 68-8; H, 5-7%). It gave a deep reddish-brown coloration with 
alcoholic ferric chloride. 


The authors gratefully acknowledge the gift of a few milligrams of primetin and its diacetyl 
derivative from Professor S. Hattori of the Imperial University of Tokyo. The amount of 
material was just sufficient for the preparation of the primetin monomethy] ether used in this 
work. 

(Note added in proof.) Ina letter dated August 24th, 1939, Professor Hattori, who was 
informed in May of the views of one of us (W. B.) on the structure of primetin (see Nature, 
1939, 143, 900), reports the successful synthesis of 5: 8-dihydroxyflavone by Dr. K. Nakazawa, 
the product being identical with natural primetin. The synthesis was along different lines 
from those employed in the present paper.—W. B. 

THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, October 18th, 1939.) 
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397. The Thermal and Photochemical Oxidation of the Chlorinated 
Silanes. 


By H. J. Emertus and A. J. E. WELCH. 


Analytical methods have been developed for the examination of mixtures of 
hydrogen chloride, chlorine, and silicon oxychlorides formed in the oxidation of the 
chlorinated silanes. The relationship between the ignition temperature and pressure 
of mixtures of tri-, di-, and mono-chlorosilane with oxygen has been studied, and shows 
a gradual transition from a degenerate chain reaction for trichlorosilane to what is 
probably a branched chain reaction for monochlorosilane. The photo-oxidation of 
these three substances has been examined analytically; in that of trichlorosilane a 
definite intermediate of the formula Si(OH)CI, has been isolated, which decomposes 
slowly at room temperature with evolution of hydrogen chloride. Similar hydr- 
oxylation takes place in the photo-oxidation of di- and mono-chlorosilane. 


THE first record of the inflammability of trichlorosilane is due to its discoverers, Buff and 
Wohler (Annalen, 1857, 104, 96), the products formed on burning the liquid in air being 
hydrogen chloride and silica. These observations were confirmed by Friedel and Ladenburg 
(tbid., 1867, 148, 121), and by Pape (ibid., 1884, 222, 359). No attempt has hitherto been 
made to study the oxidation of this substance from the kinetic standpoint, or to trace the 
change in the character of the oxidation reactions as one passes from trichlorosilane and the 
di- and mono-chloro-derivatives to monosilane itself. This paper reports observations 
on the thermal and photochemical oxidation of the three chlorinated silanes, and also 
describes analytical methods suitable for dealing with the gaseous mixtures encountered 
in this work. 


EXPERIMENTAL. 


Trichlorosilane was prepared by the method of Booth and Stillwell (J. Amer. Chem. Soc., 
1934, 56, 1529), fractionally distilled through a 40-cm. glass column filled with small glass 
rings, transferred to a Stock vacuum apparatus, and submitted to a process of fractional condens- 
ation at — 100°. 6-4 C.c. of homogeneous liquid material having a vapour pressure of 217— 
219 mm. at 0° were obtained, which was unchanged by further fractionation. Tensimetrically 
pure mono- and di-chlorosilane were prepared by Stock’s method (Ber., 1919, 52, 695). 

The oxidation of the three chlorinated silanes and the analysis of the products were studied 
in the apparatus shown in Fig. 1. Certain incidental apparatus, such as vacuum lines for 
evacuating the reservoirs, has been omitted for the sake of clearness. 

Mixtures of the chlorosilane and oxygen were made up manometrically in A (4-5 cm. diameter, 
20 cm. long). These mixtures, particularly those containing trichlorosilane, always contained 
traces of hydrogen chloride owing to attack of tap grease and to traces of adsorbed water in the 
apparatus. The reaction system is included by taps 5, 6, 7, and 8. Different reaction vessels, 
depending on the nature of the work in progress, could be fitted to the apparatus by means of 
the standard ground joint C. The mixtures were admitted to the reaction vessel through the 
auxiliary bulb B. Pressure measurements during slow reactions, and in the analysis, were 
made on the glass spoon gauge, F, which was a modification of the Foord gauge (J. Sci. Insir., 
1934, 11, 126) in which a silk bifilar suspension for the mirror, and a butyl phthalate “‘ dash- 
pot ’’ for damping, were employed. The sensitivity, with a comparatively robust membrane, 
was 300 mm. deflection of the light spot per cm. pressure, with a galvanometer lamp and scale 
at 1 m. distance. The gauge was practically dead-beat. Where necessary, corrections were 
made for the dead space formed by the gauge and its connecting tubing. 

After the completion of an experiment on either the thermal or the photochemical oxidation, 
the mixture of reaction products was condensed out by pumping the contents of the reaction 
vessel via taps 6, 13, 18, 19, 22, and 26, through the U-bulbs Z and N and the spiral condensing 
tube O, all of which were surrounded by Dewar vessels containing liquid nitrogen. After 
5 mins.’ pumping to remove excess oxygen, the condensed products were distilled back into E, 
and then fractionated, L, N, and O being used as a fractionation system. 

In all cases encountered in the present work the condensable reaction products were readily 
separated by a single fractionation into three groups: (A) least volatile fraction, condensed 
at — 70°, containing Si,OCI, (v.p. 0-004 mm. at — 70°), Si(OH)Cl,, and less volatile oxychlorides 
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(Si,O,Cl,, etc.); (B) intermediate fraction, condensed at — 120°, containing unreacted SiHCl,- 
(v.p. 0-006 mm. at — 120°, 2-5 mm. at — 70°), unreacted SiH,Cl,, and SiCl, (v.p. 0-002 mm. at 
— 120°, 0-8 mm. at — 70°); (C) most volatile fraction, hydrogen chloride and chlorine, which 
distilled through the — 120° bath, but were trapped in the liquid nitrogen-cooled tube. The 
fractionation was carried out by allowing the mixture, initially condensed with liquid nitrogen 
in E, to distil slowly through L, N, and O, which were cooled to — 70°, — 120°, and in liquid 
nitrogen, respectively. The distillation was continued for 10 mins., during which time E 
warmed to room temperature. The substances in groups (A), (B), and (C) condensed in L, 
N, and O, respectively, and were isolated by closing the appropriate taps. The fractions were 
then removed separately for further examination. 

The volumes of fractions (B) and (C) (as gas) were determined by distilling them in turn 
into the calibrated constant-volume system enclosed by taps 8, 11, and 17, and measuring the 
gas pressure on the spoon gauge; SiHCl, and SiCl, are sufficiently volatile to be measured by 
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(M denotes a mercury manometer.) 


this method. The bulb H, representing the greater part of the volume of the system, was water- 
jacketed. The volumes of different portions of the apparatus were determined by pressure 
comparisons with a fixed amount of gas, and expressed in terms of the volume of the bulb G 
and its connecting tubes, which was taken as an arbitrary standard. Both G and A were 
immersed in a large bath of water. Vapour-pressure determinations on samples were carried 
out in the usual manner, the tube K and the spoon gauge being used. 

In the volumetric determination of free and combined chlorine, the fraction under examin- 
ation was distilled into one of the titration bulbs, S, taps 21 (or 24) and 25 closed, and the bulb 
detached at the ground joint P. Chlorine combined in silicon compounds in fractions (A) 
and (B) was determined by hydrolysing the silicon compounds with water at 50—60°, and 
estimating the hydrochloric acid produced by the iodide—iodate method; this method had the 
advantage that a single solution of sodium thiosulphate sufficed for all the volumetric determin- 
ations, including those of free chlorine and hydrogen chloride. If no free chlorine had been 
formed in the reaction, hydrogen chloride occurred alone in fraction (C), and a volume measure- 
ment sufficed for its determination. When chlorine was also present, the whole fraction was 
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first absorbed in potassium iodide solution and the liberated iodine titrated, the determination 
of free acid (HCl) being carried out afterwards by adding potassium iodate and titrating the 
additional amount of iodine. The sodium thiosulphate (0-02n) was standardised by admitting 
a measured pressure of hydrogen chloride into the bulb G through tap 10, and titrating in the 
usual way after distilling the gas into one of the titration bulbs. The concentration was 
expressed as the pressure of hydrogen chloride at 0° in bulb G equivalent to 1 c.c. of the solution. 

The method of fractionation used in the analysis was tested by the following typical 
separation: 172 c.c. of trichlorosilane (measured as gas) were distilled through successive 
bulbs cooled to — 120° and in liquid nitrogen, the conditions being similar to those used in 
analysing the oxidation products. After 15 mins.’ distillation with the pumps connected to the 
free side of the condensing vessel cooled in liquid nitrogen, only 0-15 c.c. (gas) was found in the 
cooler condensing vessel. The remainder of the trichlorosilane had condensed at — 120°. 
Thus, although a physical separation of this character is necessarily not quantitative, it gave 
in this case a substantially correct analysis of the oxidation products. 

The Thermal Oxidation of Trichlorosilane.—The products formed in the explosive oxidation 
of trichlorosilane were first studied. The explosion was accompanied by a very small pressure 
decrease. Ignition was effected either by sparking or by heating the reaction vessel rapidly 
to ca. 300°, and after an explosion the reaction vessel was immersed in liquid nitrogen and excess 
oxygen pumped oft through E, which was also held in liquid nitrogen. The condensate in E 
was distilled back into the reaction bulb, and the amount of oxygen pumped off deduced from 
the diminution in pressure. The residue was analysed as already described. Table I contains 
analytical results obtained in a series of experiments with spark and thermal ignition, excess of 
oxygen being used throughout; all pressures are recorded in mm. 


TABLE I. 


Products of Explosion of SiHC1,-O, Mixtures. 
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There was no excess of trichlorosilane in the reaction products. If the amount of trichloro- 
silane used be taken as unity, the molecular proportions of oxygen used, and of chlorine and 
hydrogen chloride formed are 1-01—1-04, 0-82—0-92, and 1-03—1-19, respectively. The 
molecular proportion of the total chlorine accounted for in the analysis (max., 3-0) is given in 
the penultimate column. These results accord with the equation SiHCl, + O, = 
SiO, + HCl + Cl,. The excess of hydrogen chloride is attributed to attack of tap grease and 
to slight hydrolysis of trichlorosilane by adsorbed water in the apparatus. In these experiments 
the reaction vessel was cleaned with dilute hydrofluoric acid after each explosion, except between 
the fourth, fifth, and six runs recorded in Table I, in which the silica deposit was allowed to 
accumulate. The deficit in chlorine is partly due to the above hydrolysis, but is also due to 
the fact that the solid deposit formed in the reaction contained some chlorine, as was shown by 
qualitative analysis. Previous observers probably failed to detect formation of free chlorine 
in this reaction because they used excess of trichlorosilane, which would react with chlorine 
to form silicon tetrachloride. 

Lower Explosion Limit Curve for Trichlorosilane-Oxygen Mixtuves.—The relationship between 
the ignition temperature of trichlorosilane-oxygen mixtures and the pressure was determined 
for a series of pressures by trial (cf. Sagulin, Z. physikal. Chem., 1928, B, 1, 275). Preliminary 
experiments showed that mixtures ignited in the temperature range 200—300° at pressures 
of the order of 100—200 mm., and that a curve of the usual type could be drawn marking the 
boundary of the explosion region. Ignition took place after an induction period. Erratic 
results were obtained if the silica formed in the reaction was allowed to remain in the reaction 
vessel, and accordingly the latter was washed with 5% hydrofluoric acid and rinsed with distilled 








[1939] Photochemical Oxidation of the Chlorinated Silanes. 1931 


water after each trial, whether an explosion had occurred or not. Results were then reproducible, 
and it was possible to use reaction vessels in turn, each being fitted with a standard cone for the 
ground joint. The bulbs used were of 2-7 cm. internal diameter and 15 cm. long. The results 
of experiments made with mixtures containing 33-2 and 20-2% of trichlorosilane are shown in 
Fig. 2. The small figures in the diagram indicate the induction period (secs.) for ignition in the 
particular observation. The crosses show observations at which there was no explosion. 
Ignition at the very low pressures was observed in a darkened room. 

The data in these curves may be used to test the relationship log ~/T = A/T + B (cf. 
Semenoff, ‘‘ Chemical Kinetics and Chain Reactions,’’ Oxford University Press, 1934), and it is 
found that, with natural logarithms and pressures expressed in mm., the constants A and B 
have the values 7500 and 16, respectively, in the case of the 20-2% mixture. For the 33-2% 
mixture these values are 9400 and 20, i.e., a marked variation occurs in the values of A and B 
as the mixture composition is changed. In this respect the reaction is exceptional (cf. Sagulin, 
loc. cit.). In the course of these observations it was repeatedly shown that the induction period 
of the explosive reaction decreases as one moves from pressures corresponding with points on 
the curves in Fig. 2 to higher pressures. The curves correspond to ignition after a very long 
induction period. The pressure change in the reaction is too small to allow the progress of the 
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reaction before ignition to be studied, but the induction period characterises it as a chain reaction 
with degenerate branching. Explosions of the above mixtures at higher pressures were too 
violent for the upper branch of the limit curve to be traced. 

A slow reaction took place below the explosion limit, but was not fully studied. A typical 
analysis obtained in this region is the following : a mixture at an initial pressure of 169-5 mm. 
(SiHCl, 56-5 mm.) was used. After reacting for 90 minutes at 190° the mixture contained 
32 mm. of hydrogen chloride, 8 mm. of chlorine, 7 mm. of silicon tetrachloride, 12 mm. of unreacted 
trichlorosilane, and a small quantity of a less volatile substance (Si,OCI, ?) which gave 22 mm. of 
hydrogen chloride on hydrolysis. Combined chlorine equivalent to 32 mm. of hydrogen chloride 
remained in the reaction vessel, very probably as silicon oxychlorides of high molecular weight. 
According to Stock (Ber., 1923, 56, 986), pyrolysis of trichlorosilane does not occur below 400°, 
and is therefore excluded in these experiments. 

Photochemical Oxidation of Trichlorosilane.—The object of our experiments on the photo- 
chemical oxidation of trichlorosilane was primarily to obtain analytical evidence of the reaction 
mechanism. No attempt was made to study the kinetics of the reaction. It was first verified 
that at a pressure of 100 mm. in a quartz cell 50 mm. thick there was no detectable absorption 
of light down to about 1900 a. At 350 mm. pressure there was slight absorption, but the oxygen 
absorption bands were still observed on the plates. 

Irradiation was carried out either with a hot mercury arc, or with a cold mercury arc of the 
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resonance type. The reaction was the same for each, but the latter was preferred, as it eliminated 
appreciable heating of the reaction vessel. Typical pressure—time curves obtained on irradiating 
with the cold arc are shown in Fig. 3. A pressure decrease approximately equal to the original 
trichlorosilane pressure occurred in the first 20—25 mins., and was followed by a much slower 
increase in pressure which was not followed to completion owing to its low rate. During the 
first part of the irradiation a viscous liquid deposit collected; it was not removed by long 
pumping, and was evidently of very low volatility. No other products were formed apart from 
hydrogen chloride and a small amount of a colourless liquid which condensed in the fraction- 
ation (cf. p. 1928) at — 70°. Preliminary experiments showed the ratio of the volumes of tri- 
chlorosilane and oxygen used in the reaction to be approximately 2:1. More exact analytical 
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data are given in Table II (pressures in mm.). In runs A—E, irradiation was continued to the 
end of the initial pressure decrease. In F, irradiation was continued for a further 90 mins., with 
the result that the pressuré increased by 11-3 mm. from the minimum value. 


TABLE II. 


Photochemical Oxidation of Trichlorosilane : Analysis of Products. 
Initial press. Initial press. ‘ 
pee ee a P Apin 0, HCl 
O,.  SiHCl,. reaction. used. formed. Run. O,. SiHCl;. reaction. used. formed. 
A 80-9 143-6 —160-7 69-1 50-9 D 72:2 1287 —142-4 61:9 37-9 
B 892 1583 —179-9 79-1 50-1 E 879 1565 —1680 81-9 64-8 
C 75-0 133-1 —136-9 654 586 F 790 1410 —135-3 698 65-7 


Run F shows that the slow pressure rise subsequent to the rapid decrease is not due to an oxid- 
ation reaction, the oxygen used in this case not being in excess of the values for runs A—E. 
This pressure rise is therefore due to the decomposition of one or more of the reaction products, 
the pressure minimum marking the end of the oxidation reaction. In runs A—E a negligible 
quantity of unused trichlorosilane was recovered in the fractionation of the reaction products, 
confirming that oxidation is complete at the end of the initial pressure decrease. The analytical 
figures for hydrogen chloride (Table II) show that at the pressure minimum 60% or more of the 
hydrogen in the original trichlorosilane had not been eliminated as hydrogen chloride, but was 
retained in the liquid products. The nature of these products and of their decomposition was 


therefore investigated. : 
Examination of Liquid Products of the Photo-oxidation.—The liquid products of the reaction 
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were examined by the methods already described. They consisted of (a) a colourless mobile 
liquid condensing in the fractionation in the tube at — 70°, and (d) a colourless viscous liquid 
of low volatility which remained in the reaction bulb. When an attempt was made to measure 
the vapour pressure of (a), the pressure rose steadily, and the liquid evolved a gas which was 
found to be hydrogen chloride (v.p. 62-5 mm./— 119°, 154 mm./— 109°). The evolution of 
hydrogen chloride had practically ceased after 16—18 hours, and measurement of the gas 
formed showed that it made up the total quantity of hydrogen chloride recovered from the 
reaction products to approximately 1 mol. per mol. of trichlorosilane. Thus the liquid (@) must 
consist of an unstable compound, or a mixture of such compounds, which readily eliminates all 
its hydrogen as hydrogen chloride. Data illustrating this point are given in the following 
table. The inevitable slight attack of tap grease and hydrolysis account for the slightly high 


Determination of Hydrogen Chloride evolved on Decomposition of Unstable Liquid Product. 
Total HCl 





Initial HCl HCl from ¢ + 

Run. SiHCl, used. recovered. liquid product. (mm.). (mols.). 
P 104-7 86-5 28-2 114-7 1-095 
Q 150-7 59-7 98-6 158-3 1-050 
R 124-4 38-0 93-5 131-5 1-058 
S 135-0 41-5 95-3 136-8 1-013 


values for the total hydrogen chloride recovered. The residue after decomposition of the 
volatile liquid (a) was a viscous colourless liquid which was found by the Emich micro-method 
to have b. p. 200° + 5°, in good agreement with the known b. p. (200°) of the oxychloride 
(SiOC1,),. 

The total chlorine occurring in the combined state in the volatile liquid product (a) was 
determined volumetrically in the usual way after several runs in which this liquid was examined 
before it had decomposed appreciably. A comparison of the combined chlorine value with the 
amount of hydrogen recoverable as hydrogen chloride showed that the liquid contained approx- 
imately 3 chlorine atoms per atom of hydrogen (see Table III last column). The quantity of 
combined hydrogen (Table III, col. 5) was evaluated by assuming, as is justified by the previous 
experiments, that the liquid product contained all the hydrogen not directly recoverable as 
hydrogen chloride in the reaction. 


TABLE III. 
Determination of Combined Hydrogen and Chlorine in Liquid Product (a). 


SiHCl, used Initial HCl recovered, Combined Clin —70° 
(mm.). (mm.). (mols., M). fraction (mols., N). 1—-M. N/(l—M). 
122-0 35-8 0-294 1-910 0-705 2-71 
131-3 38-3 0-292 2-190 0-708 3-09 
136-0 36-0 0-265 2-370 0-735 3-22 
85-0 19-5 0-229 2-350 * 0-771 3-05 

These analytical results point to the conclusion that the volatile liquid condensed at — 70° 
is a new compound with the empirical formula Si(OH)Cl,. That it is not a solution of hydrogen 
chloride in the oxychloride (SiOCI,), is shown by the fact that the fraction in which it occurs is 
isolated by fractional condensation and not by fractional distillation. Moreover, hydrogen 
chloride is evolved quantitatively without change of temperature. The reactions taking place in 
the photo-oxidation under the conditions which we have employed may accordingly be written 
as: 2SiHCl, + O, = 2Si(OH)CI,, Si(OH)Cl, = SiOCl, + HCl, 4SiOCI, = (SiOCI,),. 

The viscous liquid product remaining in the reaction bulb after each experiment on the photo- 
oxidation [(b), see above] was not examined in detail, but its formula follows by difference from 
the analytical results given, and must approximate to (SiOCI,),. There is little doubt that it is 
(SiOCI,),, i.¢., it is identical with the decomposition product isolated from the hydroxy-deriv- 
ative, Si(OH)Cl,. If this be so, it is reasonable to assume, as has been done in the above equations, 
that the only primary product of this photo-reaction is the hydroxy-derivative, and that any 
oxychloride present at the completion of the phase of the reaction accompanied by a pressure 
decrease is due to decomposition of the hydroxy-compound during irradiation. We have no 
evidence bearing on the mechanism of the initial stages of the reaction, but suggest a primary 
collision between molecules of oxygen and trichlorosilane, giving addition and the formation 
of SiHC],,0,. This molecule might, on collision with a second molecule of trichlorosilane, give 
two molecules of the hydroxy-derivative. The use of a mercury arc of the cool type makes it 
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possible that mercury resonance radiation played a part in initiating the photo-oxidation, 
although the mercury vapour concentration in the reaction bulb was probably low. It is 
notable, however, that both the hot and the cold arc gave the same products of reaction. A 
further possibility is that free chlorine may have sensitised the oxidation reaction. Such 
chlorine, if present, could be formed only during the irradiation with ultra-violet light, and did 
not appear in the reaction products. Chlorine is known to react very readily with trichloro- 
silane to form silicon tetrachloride, which was likewise not among the products isolated. 

The Thermal Oxidation of Di- and Mono-chlorosilane.—Preliminary experiments on the 
thermal oxidation of these two substances showed that the ignition temperature decreased with 
decreasing proportion of halogen in the molecule. Mixtures of dichlorosilane and oxygen rich 
in the former ignited spontaneously at room temperature. The course of the explosive oxidation 
of this substance was examined for more dilute mixtures. The explosion was initiated by rapid 
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heating to 300—350°, and analysis of the products was carried out as already described. Data 
are summarised below : 


Explosive Oxidation of Dichlorosilane : Analyses of Products. 
Initial press. Ap in Cl, HCl Total Cl recovered 
Og. SiH,C],. reaction. O, used. formed. formed. (atoms/mol. of SiH,Cl,). 
84:3 21-6 —7-7 23-1 3-3 33-1 1-83 
109-5 28-1 —9-7 28-1 4-1 40-8 1-75 
109-0 28-0 —9-2 27-2 5-1 40-7 1-81 
The amount of chlorine formed in this reaction is relatively small (0-15—0-18 mol.), and it is 
clear that the main reaction is SiH,Cl, + O, = SiO, + 2HCl. The figures in the last column 
should be 2-0 if all the. chlorine were evolved as such or as hydrogen chloride, and the deficit is 
probably due to the formation of a non-volatile chlorinated substance which is retained with the 
silica deposit in the reaction bulb. The quantity of chlorine produced in the reaction increases 
with the initial mixture pressure, as is shown by the following figures obtained with a mixture 
containing 7-5% of SiH,Cl, : 
Initial pressure, mm. ............... 180 85 35 
Ratio HOLA, accccscvowccscedessousce AG 34 400 
The explosion limit curve was plotted in the same way as for trichlorosilane, and results 
obtained for mixtures containing 7-5 and 10% of dichlorosilane are shown in Fig. 4. The 
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curves differ completely from those for trichlorosilane in that they show two lower explosion 
limits. In this the behaviour is parallel to the cases of hydrogen, methane, and hydrogen 
sulphide. In the low-pressure region, which is shaded in the diagram, readings were erratic, and 
the explosion was similar in appearance to the “‘ cold flames ’”’ observed with certain carbon 
compounds. Over the remainder of the pressure range studied, ignition was accompanied by a 
bright flash and an audible click, and took place after an induction period varying from a fraction 
of a second up to 15 secs. The high pressure range could not be investigated further because of 
the violence of the explosions. The curves demonstrate the lowering of ignition temperature 
with increase in the proportion of dichlorosilane in the mixture, as was the case with the 
trichloro-compound. 

The Photochemical Oxidation of Dichlorosilane.—Slight general absorption of light by di- 
chlorosilane was observed below 2100 a. It was found that on irradiation with light from the 
cold mercury arc under the conditions already described, reaction took place with a decrease in 
pressure and the deposition of a white solid on the walls of the quartz reaction bulb. The 
pressure-time curves for the photo-oxidation were similar to those for trichlorosilane, except 
that after the initial fall in pressure there was no rise corresponding with gas evolution (cf. 
A. J. E. Welch, Ph.D. Thesis, London University, 1939). At the completion of the reaction, the 
products were fractionated. Excess of oxygen was present, but apart from this the only volatile 
substance formed was hydrogen chloride. The amount of this recovered represented 50—60% 
of the chlorine and hydrogen present in the dichlorosilane, indicating that the non-volatile, 
white, solid deposit formed in the reaction bulb contained considerable amounts of these elements. 
Analytical data illustrating this point are given in Table IV. If the photochemical oxidation 


TABLE IV. 
Products of the Photochemical Oxidation of Dichlorosilane. 


Initial press. ’ 
Ap in HCl 
O,. SiHC1,. reaction. O, used. formed. , q: %. 
120-6 43-1 —18-1 32-2 58-1 : 0-144 0-350 
125-7 50-8 — 30-2 38-2 58-8 . 0-342 0-160 
136-2 55-0 — 30-7 37-7 61-9 , 0-244 0-126 
114-9 46-3 — 26-5 33-6 53-3 . 0-300 0-150 
92-4 37-3 —21-2 26-5 42-6 , 0-277 0-143 
127-2 50-8 — 24-6 33-3 59-4 . 0-140 0-170 
129-2 52-0 — 23-8 33-5 61-7 . 0-100 0-180 
of di- and tri-chlorosilane occurs by analogous processes, dichlorosilane would be expected to 
give the primary hydroxylated products SiH(OH)Cl, and Si(OH),Cl,, which would eliminate 
hydrogen chloride to form polymeric residues according to the reaction scheme : 


SiH,Cl, —° > Si(OH)HCI, —° > Si(OH),Cl, 
(I.) (II.) 


| | zt (8i0,). + HC 


pats | BM 
(O=si<G) + HCl (O=si<@}") + Hal 
(III.) (IV.) 


If the reasonable assumption is made that the substances (I) and (II) (which have no doubly 
linked oxygen atom and therefore cannot polymerise) rapidly give the stable degradation products 
(III) and (IV) and silica, it is possible to estimate the proportions of (III), (IV), and silica formed. 
If p, g, and r, respectively, represent the proportions of these three products formed from 1 mol. 
of dichlorosilane, 

Oxygen used = 1 — } 

HCl formed = 2 — (p + q) 

andg+q+r 1 


By applying the analytical results, values of ~, g, and y may be derived, and are inserted in 
Table IV. It is found that the product (III) predominates in each case. In the fifth run 
recorded in Table IV the reaction vessel was heated gently with a free flame after the hydrogen 
chloride and unused oxygen had been pumped off, and a further 11-8 mm. of hydrogen chloride 
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(0-316 mol.) was evolved. This is in agreement with the process suggested, for the product (IV) 
should be capable of eliminating g mols. of hydrogen chloride, leaving silica as the final product. 
In the run specified, g is calculated to be 0-277, compared with the observed value of 0-316. 
The product (III) contains no hydroxyl group, and is unlikely to evolve hydrogen chloride at 
moderate temperatures, 

The Thermal Oxidation of Monochlorosilane.—The study of this oxidation was complicated 
by a slow reaction of this substance with oxygen at room temperature during the process of 
mixing. This reaction was more pronounced in a wide mixing bulb (4-5 cm. diameter), but 
was negligible in a bulb of 2-5 cm. diameter. Explosions were also liable to occur in the initial 
stages of the mixing process. The explosion limit curve for a 10% mixture was obtained in the 
usual manner, and is shown in Fig. 5. There is no third explosion limit of the type observed for 
dichlorosilane. The solid deposit produced on explosion gave rise to a considerable ‘‘ inductive ” 
effect upon subsequent reactions. With a coated bulb, for example, explosions could be obtained 
at temperatures as low as 66° at 8—10 mm. pressure. The hydrofluoric acid washing treatment 
was therefore used throughout. The induction periods observed were less than for dichloro- 
silane, and became less at higher pressures. ‘‘ Cold flames ”’ occurred in the shaded region of 
Fig. 5 without appreciable lag. Explosions were 
obtained with the above mixture by admitting it 
quickly to a pressure above the upper limit and 
1504 ® Explosion then slowly reducing the pressure. “ Cold flame ” 

A Josi ignitions were also observed on admitting the 

rer? ig mixture to the evacuated reaction bulb to a 
suitable pressure below the lower limit, and then 
reducing the pressure to a point corresponding to 
the shaded region of Fig. 5. 

The Photochemical Oxidation of Monochlorosilane. 
—tThe photochemical oxidation phenomena of tri- 
and di-chlorosilane have been shown to be consistent 
with the occurrence of a primary hydroxylation 
process, the hydroxylated products undergoing 
partial or complete decomposition to hydrogen 
chloride and a polymerised silicon compound. 
The experiments on monochlorosilane described 
below are less conclusive, but the analytical data 
recorded give some indication of the course of the 
reaction. 

— a — It was found that at a pressure of 102 mm. of 
100 150 200" monochlorosilane in a quartz cell 5 cm. thick there 
Temperature. was slight general absorption of ultra-violet light 
Explosion limit curve for SiH,Cl-O, mixture below about 2000 a. Mixtures of mono- chloro- 
(10% SiH,Cl). silane and oxygen with 25—30% of the former 

reacted rapidly on irradiation with a cold mercury 

arc. There was a decrease of pressure, and a white solid was deposited. Retardation of the 
reaction rate due to the deposition of solid was more pronounced than in the cases already 
studied, and the reaction could not be followed to completion. The only gaseous substance 
isolated from the products, other than unchanged monochlorosilane, was hydrogen chloride. 
These two substances cannot be separated quantitatively without prolonged vacuum fraction- 
ation, and in the table below the measured condensable residues represent the sum of the mono- 
chlorosilane and hydrogen chloride recovered from the reaction products. The difference 
between the pressures of condensable residues and the original monochlorosilane represents in 
each case the amount of chlorine retained by the solid deposit in the reaction vessel. These 
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Photochemical Oxidation of Monochlorosilane. 





Initial press. ; ‘ 
y AN , Ap in Condensable Combined Cl 
O,. SiH,Cl. reaction. O, used. residues. in deposit. 
79-6 40-3 — 52-3 47°8 35-8 4:5 
110-1 40:1 —61-1 49-4 28-4 11-7 
97-7 58-3 — 80-5 70-9 48-7 9-6 
84-2 60-3 —-79-0 69-0 50-3 10-0 
73-2 52-3 —- 12-6 10-1 49-8 2-5 
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data show that relatively little chlorine remained in the solid deposit. The ratio of oxygen to 
silicon taking part in the reaction is greater than unity, and probably lies between 1 and 1-5, 
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DISCUSSION. 


The results of this investigation illustrate the gradual decrease in inflammability as 
monosilane is progressively chlorinated. The oxidation of monosilane shows the character- 
istics of a branching chain reaction (Emeléus and Stewart, J., 1935, 1182; 1936, 677). 
The phenomena for monochlorosilane are similar, but the lower explosion limit is observed 
at higher pressures, and ignition is characterised by short induction periods. Dichloro- 
silane gives two lower explosion limits (Fig. 4) which are very similar to those observed 
with hydrogen sulphide and methane. The occurrence of a second lower limit in these 
instances is ascribed to two distinct reaction processes, one of which causes the usual 
low-pressure “ peninsula”, while the other produces the lower limit at higher pressures 
(Neumann and Serbinoff, Physikal. Z. Sowjetunion, 1932, 1, 271; Kowalsky and 
Sadownikow, ibid., p. 567). There is no evidence to show what these two reactions are in 
the case of dichlorosilane. Trichlorosilane shows clearly the characteristics of a chain 
reaction with degenerate branching, and its oxidation is analogous to hydrocarbon 
combustion. 

A comparison with the combustion of hydrocarbons reveals an interesting contrast. 
The explosive oxidation of chloroform in mixtures with oxygen has not been observed; 
although the slow reaction is well established. The chlorine-sensitised photochemical 
oxidation of chloroform yields carbonyl chloride and hydrogen chloride, but there is no 
evidence that the intermediate C(OH)Cl, is formed (Schumacher and Wolff, Z. phystkal. 
Chem., 1934, B, 26, 453). The formation of peroxides has, however, been detected (Chap- 
man, J. Amer. Chem. Soc., 1935, 51,416). The photo-oxidation of methylene and methyl 
halides has also been fairly fully investigated, but in no case is there evidence that hydroxy- 
derivatives are formed directly. It is also noteworthy that the oxidation of unsaturated 
hydrocarbons is very much facilitated by partial or complete halogenation. This is 
illustrated by the compounds C,BrF, and C,CIF;, which undergo explosive oxidation at 
room temperature (Swarts, Inst. Int. Chim. Solvay, V Congress Report, 1935, p. 79), and 
chloro- and bromo-acetylene afford a further very striking illustration of this point (Bash- 
ford, Briscoe, and Emeléus, J., 1938, 1358). 

The isolation of the hydroxy-compound Si(OH)CI, in the photo-oxidation of trichloro- 
silane is a unique example of hydroxylation in an oxidation process. It may well be an 
intermediate in the thermal oxidation, and similar hydroxylation probably takes place with 
the other halogenated silanes. The relatively great stability of such hydroxy-derivatives 
is probably specific for the oxidation of silicon compounds, but our observations afford 
some grounds for supposing the phenomenon to be general. 
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398. Racemisation of Optically Active Co-ordination Compounds. 
Application of the Arrhenius Equation. 


By E. BusHra and C. H. JOHNSON. 


Comparison has been made of the racemising properties, under various conditions 
and over a range of temperature, of optically active complex ions of chromium and 
cobalt, [M(C,O,)3]’, [M en (C,O,),]’, and [M en,(C,O,)]". The experimental evidence 
supports the view that inversion occurs by intramolecular rearrangement of the 
co-ordinated radicals, and on account of the simplicity of these reactions, conditions 
are favourable for probing the relationship between the quantities PZ and E in the 
modified Arrhenius rate equation, k = PZe~*/RT, The rate of inversion of chromi- 
6L 
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oxalate is about twenty times faster than that of cobaltioxalate at 18°, the activation 
energies being approximately 15-8 and 26-0 kg.-cals. and the multiplying factors, 
PZ, 108 and 105 respectively. A direct proportionality between E and log PZ has 
been observed in various circumstances, but the results as a whole do not lend them- 
selves to brief description. During the course of these investigations a resolution of 
[Cr en (C,O,),]’ into its optical isomers was accomplished with the aid of brucine. 


PRECISE measurements of the rates of racemisation of optically active co-ordination 
compounds have rarely been made, and data are lacking regarding their variation with 
temperature. The overall simplicity of these structural changes, the absence of side re- 
actions, and the possibility of making systematic alterations in the composition of the 
molecular ions render them interesting subjects for quantitative investigation, which may 
be expected to throw light on the mechanism of inversion.* The family of complex ions, 
[M en,]**, [M en,(C,O,)]°, [M en (C,0,),]’, and [M(C,O,),]’”’, where M = Cr*” or Co” and 
en = ethylenediamine, appears to afford exceptional opportunities for study. 

Hitherto, [M en,]"” had been found not to racemise, the cobalt compound retaining 

its optical activity even in hot acid solution (Werner, Ber., 1912, 45, 121), but the ions 
[M en,(C,O,)]° racemised in aqueous solution, although the process when M = Co was 
extremely slow (idem, Ber., 1914, 47, 2171). Moreover, the complex ion [Co en (C,0,).]’ 
had never been isolated, whereas the chromium analogue had been prepared but not 
resolved into optical isomers; and the trioxalato-complexes were known to undergo 
inversion in aqueous solution at conveniently measurable rates, the chromium racemising 
more rapidly than the cobalt complex at room temperature. The behaviour of these 
trioxalato-compounds has been reviewed by Johnson (Trans. Faraday Soc., 1935, 31, 
1612). 
The present investigation did not afford as full a comparison as was hoped of the 
racemising properties of these closely related types of complex ion, for it was found, contrary 
to Werner’s observations (loc. cit.), that in all probability [M en,(C,O,)]° did not racemise 
in solution, loss of rotatory power, when it occurred, being due to decomposition. A 
crystalline compound was prepared which may have contained the ion [Co en (C,0,),]’ 
but was too sparingly soluble for purposes of resolution. The optically active forms of 
[Cr en (C,O,),]’ were obtained for the first time. Thus the study of racemisation was 
necessarily restricted to [Cr en (C,O,)9]’, [Cr(C,O,)3]’” and [Co(C,0,)3]’”. 

A theory of inversion relating to the trioxalato-class of molecular ion based on the 
assumption of secondary ionisation was proposed by Thomas (J., 1921, 119, 1140), viz., 
d- or I-[M(C4O4)3]” => [M(C,0,)gI" + C30,” 

The validity of the experimental evidence purporting to prove the presence in these solu- 
tions of appreciable amounts of oxalate ion has been questioned (Johnson, Joc. cit.), although 
the equilibrium concentration of oxalate ion may, in fact, be so small as to escape detection. 
An alternative hypothesis is that inversion takes place by intramolecular rearrangement, 
without detachment of oxalate, though perhaps with the participation of the solvent. 
Support for this point of view is forthcoming. For instance, the rate of racemisation of 
chromioxalate is scarcely affected (slightly accelerated) by the presence in solution of a 
high concentration of oxalate ion (Beese and Johnson, Trans. Faraday Soc., 1935, 31, 1632) ; 
cobaltioxalate is similar in this respect (Table III) ¢ ; both chromioxalate and cobaltioxalate 

* The terms “ racemisation ’’ and “‘ inversion ’’ are used synonymously. The rate of loss of rotatory 
power is, of course, twice the rate of inversion. 

+ If, as is likely, two molecules of water take the place of an oxalate ion in the process of secondary 
ionisation (presumed), thére is a finite probability that the d(or /)-configuration of the complex ion will 
be preserved and that, subsequently, an in-going oxalate radical will regenerate the original form of the 
trioxalato-complex. The presence in the solution of a soluble oxalate at high concentration will reduce 
the equilibrium concentration of [Cr(H,O),(C,O,),]’, and since this quantity determines the rate of 
production of [Cr(H,O),(C,O,)]°, which step necessarily involves loss of rotatory power, the rate of 
racemisation will be diminished ; or, again, if racemisation occurs by “‘ slow ” intramolecular rearrange- 
ment of [(Cr(H,O),(C,0,),]’, the addition of oxalate should retard the rate. Brief reference to these 
possibilities was made by Beese and Johnson (Joc. cit.) but seems to have given rise to misunderstanding 


(Mathieu, Bull. Soc. chim., 1938, 5, 778). 
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racemise in the crystalline state (Johnson and Mead, ibid., p. 1621; Johnson, Joc. cit., 
p. 1620); oxalate ions containing a radioactive isotope of carbon have been shown not to 
exchange with chromioxalate at 35° (Long, J. Amer. Chem. Soc., 1939, 61, 570). 

An octahedral disposition of the six atoms (nitrogen or oxygen) linked to the metal 
being assumed in all cases, the net result of optical inversion is an interchange of two points 
of attachment in cis-positions (Fig. 1). Evidently this process happens more readily 
between co-ordinated oxalate than between ethylenediamine radicals. Whether race- 
misation invariably occurs by intramolecular rearrangement remains to be proved, but 
the fact that the complex ions [M en,(C,O,)]° do not racemise is consistent with this view, 
since a given configuration will persist so long as the two molecules of ethylenediamine 
remain undisturbed; the detachment and subsequent recombination of the oxalate ion 
might be expected to provide opportunities for inversion. The decomposition of 
[Cr en,(C,O,)]° in solution, which appears to involve the displacement of the oxalate ion, 
is also against the theory of racemisation by secondary ionisation. Gradual loss of rotatory 
power in crystalline d-[Cr en (C,O,),)K has been observed, although to some extent this 
seems to be connected with the absorption of moisture by the crystals. 


Pra a 


d(or lL). Z(ord). 














Our investigations had as their main objectives the determination of activation energies 
of racemisation and of the influence upon these quantities of changes in the constitution of 
the complex ions and in the solvent medium. The interdependence of the terms PZ and 
E in the modified Arrhenius equation, k = PZe~*/®", has been the subject of theoretical 
and experimental studies in recent years with reference to a wide variety of organic reactions, 
notably by Fairclough and Hinshelwood (J., 1937, 538, and later papers). A rather striking 
apparent correlation between E and log PZ has been found in the case of chromi- and 
cobalti-oxalates, but the results as a whole are complicated. 


RESULTS AND DISCUSSION. 


Racemisation in Aqueous Solution.—At 18° the rate of inversion of chromioxalate is 
nearly 20 times faster than that of cobaltioxalate. A difference of 1700 cals. in the acti- 
vation energies would account for it, but the actual values of E, calculated from the vari- 
ation of the velocity constants with temperature, reveal an altogether unexpected state of 
affairs (Fig. 2; Tables I and V). The energies differ by 10‘ cals., and the values of PZ by 
a factor of 10°, the effects being mutually compensating. The so-called “ effective atomic 
number ” (E.A.N.) of cobalt in cobaltioxalate is 36 (krypton-like), and of chromium in 
chromioxalate, 33; hence, the larger activation energy may arise, in part at least, from the 
larger oxalate—metal bond energy in the ground state, notwithstanding the instability of the 
complex ion in respect of the reaction 2[Co(C,O,)3]’"’ —» 2CoC,O, + 3C,0,” + 2CO,, 
which takes place from an excited level. The chromioxalate ion is apparently the more 
robust because, in contrast to cobalt, tervalent chromium is more stable than the bivalent 
ion. The magnitude of E is practically identical for both the di- and the tri-oxalato-ions 
of chromium, suggesting a common mechanism of inversion. The introduction of a 
molecule of ethylenediamine seems hardly to affect the characteristics of the two remaining 
oxalate radicals. The greater speed of racemisation of [Cr en (C,0,),]’ is occasioned by an 
almost ten-fold increase in PZ. Rideal and Thomas (J., 1922, 121, 196) found 9650 cals. 
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as the activation energy of the racemisation of chromioxalate; recalculation of their 
data gives 9520 cals. 
TABLE. I. 
Complex ion. E (cals.). log ,)PZ. E/100 log,)PZ. 


Oe a CARY cscnsiaisistorivdtinascis: MAGES 8-9 17-8 
ol lll A EP RLETT CIOS 8-05 19-6 
IE, sssschemsanssicaeegitese, 14:5 17-9 


Racemisation in Aqueous Acetone.—The complex salts are insoluble in acetone, but 
dilute solutions can be obtained in aqueous acetone. Werner (Ber., 1912, 45, 3061) first 
directed attention to the marked retarding influence of acetone upon the rate of racemisa- 
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tion of chromioxalate. The results of quantitative investigation within the temperature 
range 19—38° are summarised in Table II. When the mol.-fraction of acetone is very 
small, the negative catalytic effect is mainly exerted on the factor PZ (presumably P) ; 
at higher concentrations, E and log,,PZ appear to increase proportionally. Acetone 


TABLE II. 


Mol.-fraction of COMe,. 105 R4y.,°. E, cals. logyPZ. £/100 log,)PZ. 
0 60-0 15,750 8-05 19-6 
0-059 13-7 15,600 7-4 21-0 
0-098 8-6 16,200 7-6 21-3 
0-144 5-4 18,800 9-3 20-2 


(mol.-fraction 0-144) depressed the rate of racemisation of [Cr en (C,O,).]’ rather less than 
that of chromioxalate, but the observation was necessarily made at a lower temperature 
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(9-8°, see below). The inversion of cobaltioxalate at 30° was slightly accelerated by the 
presence of acetone, but owing to the pronounced instability of cobaltioxalate in aqueous 
acetone, measurements of temperature coefficients of velocity were not attempted. 

Urea, even at concentrations as high as 50% by weight, produced little or no effect 
upon the racemisation of chromioxalate. 

Catalysed Racemisation—Small concentrations of positively charged bi- and ter- 
valent ions markedly accelerate the inversion of chromioxalate (Beese and Johnson, Joc. 
cit.). The data in Table I suggest a possible connection between this phenomenon and the 
kinetically low value of P (log,,PZ ~ 8). If this were so, similar though less pronounced 
catalytic effects would be anticipated for the dioxalatochromic complex (log,)PZ ~ 9), 
whereas cobaltioxalate (log,,PZ~14) should be relatively immune from such influences. 
The dependence of PZ upon E somewhat obscures the argument, but the experimental 
observations given in Table III are in general agreement with these predictions. The 
concentrations of the complex salt solutions were about 10° in all cases. With chromi- 
and cobalti-oxalates the working temperatures were so chosen, 18-2° and 37-5° respectively, 
that the uncatalysed rates of racemisation in pure water were nearly identical; the di- 
oxalatochromic ion was conveniently studied at 9-8°. Slow decomposition of the complex 
ions, with precipitation of insoluble oxalates, took place in the presence of most multi- 
valent cations, but, except where indicated by an asterisk, not appreciably during the time 
required for complete racemisation. In this respect cobaltioxalate was especially sensitive. 


TABLE III. 
Concn. of Velocity constants (x 105). 
catalyst (Mm). [Cr (C,O,)5]’”’. [Cr en (C,O,)9]’. [Co(C,0,)5]’”. 
(H,O) 17 52 17-5 
5 43 
27 
29 


22 * 
21 
21 * 
28 * 
22 
19 * 
22 * 
T 
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Ti 
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0- 
0- 
0- 
0- 
0 

0- 
0- 
0- 
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001 
“001 
0-01 
0-01 
0-01 


* See above. ¢ See below. 


The differences in respect of racemisation between the three complex ions towards (1) 
salts containing univalent positive ions at high concentrations, and (2) multivalent cations 
at low concentrations, are best presented as follows : 


Ion. [Cr(C,O,)5]’”. [Cr en (C,O,).]’. [Co(C,O,)5]’”’. 
Univalent  .............seeseeeeeee acceleration no effect acceleration 
Multivalent ...............ss.se006. acceleration acceleration no effect 


A satisfactory explanation of the behaviour towards (1) is not available. The diminution 
of the catalytic effect with increasing size of the positive ion is evident from Table III, 
col. 4, where the influence of large tervalent ions, e.g., [Co eng]"", is shown to be feeble even 
by comparison with representatives of the simple bivalent class. Chromi- and cobalti- 
oxalates were immediately precipitated by the complex cations and therefore could not be 
similarly investigated (cf. Beese and Johnson, loc. cit., p. 1638). The influence of multi- 
valent positive ions on the rate of inversion of chromioxalate is even more pronounced in 
aqueous acetone (mol.-fraction of acetone, 0-059) than in water, which is consistent, 
qualitatively at least, with the hypothesis that the effect is mainly exerted on the 
probability factor P. Some observations at 18° are recorded in Table IV. 
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TABLE IV. 
Catalyst. Concn.,m. k xX 105. Catalyst. Concn.,m. k xX 105. 
— 5-5 BRED, arrcecssssicticsesccs “' OCI 76 
0-01 23 La(NOgs voccccsecseeee 0001 27 
0-01 21 Ce(NOg)s ccccccccsssre..  O001 33 





0-01 190 


Measurements of the temperature coefficients of catalysed racemisation are needed 
in order to supply a quantitative basis for discussion. Investigation of chromioxalate in 
the presence of 0-01M-manganese chloride over a limited temperature range in the neigh- 
bourhood of 20° gave E = 15,700 cals., log,;>5PZ = 8-4, indicating that the enhanced 
velocity of inversion is indeed linked with the probability factor, P. In some other cases, 
however, a large increase in P was accompanied by a substantial increment in the 
quantity E. 

Unsuccessful attempts were made to induce racemisation of [Cr en,(C,0,)]’, 
[Co en,(C,O,)]° and [Co en,]"” by lanthanum ions in large concentration. Loss of rotatory 
power by the first complex ion was invariably attended by decomposition. 

Concluston.—The results being considered as a whole, variations in the magnitudes E 
and log PZ appear to be closely linked together; only when the change in one or other is 
small is a certain degree of independence manifest. Notwithstanding the large difference 
between the activation energies of racemisation of chromi- and cobalti-oxalates, the 
balance of available evidence points to a mechanism of intramolecular rearrangement in 
both cases. Caution must be exercised when considering values of PZ and E derived from 
the application of the simple Arrhenius equation (cf., Bell, Trans. Faraday Soc., 1938, 34, 
229), for it is conceivable that the complementary relationship apparently existing between 
them is an indication of incorrect ‘‘ weighting.” 


EXPERIMENTAL. 


Preparation of Materials ——(1) Potassium chromioxalate, K;[Cr(C,O,)3],3H,O, was pre- 
pared according to Croft’s procedure (Phil. Mag., 1842, 21, 197), and purified by repeated 
precipitation with alcohol and recrystallisation from water. Sdrensen’s method (Z. anorg. 
Chem., 1896, 11, 1) was used for the cobaltioxalate K,[Co(C,O,),],3$H,O. 

(2) Werner’s method for dioxalatoethylenediaminochromic salts (Annalen, 1914, 406, 286) 
gave very poor yields. The following method proved much more satisfactory : ethylenediamine 
hydrate (16 g.) was added to a solution of potassium chromioxalate (100 g.) in hot water (120 
c.c.), and the mixture gently heated, with stirring, until a pink precipitate began to form; the 
heating was not prolonged unnecessarily, otherwise the pink [Cr en,(C,O,)][Cr en (C,O,)s], 
which is useful for the preparation of oxalatobisethylenediaminochromic salts, became con- 
taminated with a violet substance. After standing till cold, the precipitate (25 g.) was filtered 
off, the filtrate just neutralised with hydrochloric acid, and cooled in ice for 2 hours. The 
mauve-pink crystals which separated were recrystallised from warm water (50°); yield, 15 g. 
(Found: Cr, 14-55; C,O,, 48-4; N, 7:7; H,O, 9-4. Calc. for K[Cren (C,0,),],2H,O: Cr, 
14:3; C,O,, 48-5; N, 7:7; H,O, 99%). The crystalline salt keeps indefinitely, but the absorp- 
tion coefficients of an aqueous solution markedly diminish in the neighbourhood of the maximum 
at 5300 a. after several hours in the dark at room temperature, and a violet compound is 
precipitated. Alkalis accelerate the decomposition, but yellow light is without effect. 

(3) Dioxalatoethylenediaminocobaltic salts have not hitherto been prepared, and the 
foregoing method fails for these because cobaltioxalates are unstable in hot alkaline solution. 
The oxidation with air or hydrogen peroxide of a suspension of cobaltous oxalate in a warm 
solution containing potassium oxalate and ethylenediamine oxalate proved fruitless. On 
addition of ethylenediamine hydrate to powdered potassium cobaltioxalate, yellow [Co en,]"” 
was formed with evolution of heat; in concentrated aqueous solution the green compound 
[Co en,][Co(C,O,)3] was precipitated. No reaction occurred when powdered potassium cobalti- 
oxalate was heated in contact with an alcoholic solution of ethylenediamine hydrate. An 
attempt was made to carry through the following reactions : 


[Co(NH,)(NO,),]’ ——> [Co(NH,)9(H1,0),Cla]* 89S. (CoH) _(C,O4)a]’ > [Coen (C,0,)4]' 


This sequence had been investigated by Riesenfeld and Klement (Z. anorg. Chem., 1922, 124, 1) 
who, however, thereby obtained the neutral binuclear complex [(Co en NH;),(C,0,)3],4H,O. 
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We obtained the same compound (Found: H,O, 1-1; N, 15-6; C, 22-0. Calc.: H,O, 1-65; 
N, 15-7; C, 22.4%). This reddish-violet compound was very sparingly soluble in water and, 
unlike most un-ionised co-ordination compounds, was insoluble in organic reagents, e.g., acetone. 
In the last step of the preparation an aqueous solution of the potassium or ammonium salt was 
warmed with ethylenediamine; ammonia was set free and the colour changed from bluish- 
to reddish-violet, pointing to the replacement of the oxalato- by the ethylenediamino-radical 
within the co-ordination sphere. The hot solution precipitated the reddish-violet compound ; 
its colour, general properties, and empirical formula suggest that it has one of the two isomeric 
constitutions (I) or (II). 


(I.) [Co(NH,), en (C,O,)][Co en (C,O,),] [Co en,(C,O,)][(Co(NH3)2(C,0,4)2] (II.) 


If [Co(NH,),(C,0,),]’ has the ‘vans-configuration inferred by Riesenfeld and Klement (loc. 
cit.), simultaneous replacement of both ammonia molecules by ethylenediamine is impossible, 
and neither compound can arise as a result of a process of simple substitution. Compound (II) 
was prepared by mixing concentrated solutions of [Co en,(C,O,)]Cl and NH,[Co(NHs),(C,O,)2] 
and was indistinguishable in appearance from the substance under investigation, but in any 
case the colours of (I) and (II) are certain to be very similar, since the replacement of ammonia 
by ethylenediamine produces little change in the absorption spectrum (Mathieu, Bull. Soc. chim., 
1936, 3, 463). That of the compound of unknown constitution is shown in Fig. 3; the molecular 
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extinction coefficients are large (cf. Mead, Trans. Faraday Soc., 1934, 30, 1052) because the sub- 
stance contains 2 cobalt nuclei per mol. The band in the visible region is broad (possibly 
doubled), as would be expected from the superposition of the spectra of two closely related 
complex ions. Accurate absorption data exist for only one of the complex ions constituting 
(I) and (II), viz., [Co en,(C,O,)]", and the question whether [Co en (C,O,),]’ has been prepared 
must remain open until a more refined spectrometric investigation has been made. 

(4) Werner’s preparation of oxalatobisethylenediaminochromic salts (Amnnalen, 1914, 405, 
212) from [Cr en,(C,O,)][Cr en (C,O,),] was simplified. A solution containing K,[Cr(C,O,),],3H,O 
(100 g.) and ethylenediamine hydrate (32 g.) in water (240 c.c.) was gently heated until the deep 
pink complex salt began to form, and was then allowed to cool; yield, 35—45 g. The whole 
was ground into a thin paste with concentrated hydrochloric acid (40 c.c.) and mechanically 
stirred for 10 minutes, absolute alcohol (20 c.c.) then being gradually added, and a similar 
addition being made again after a further 5 hours’ stirring. The residue was filtered off, washed 
with concentrated hydrochloric acid and then with absolute alcohol, and purified by recrystallis- 
ation from hot water (60°); yield 10g. (Found: Cr, 14-9; N, 15-8; C,O,, 24-8; Cl, 10-1; H,O, 
15-2. Calc. for [Cr en,(C,O,)]Cl,3H,O; Cr, 14-9; N, 16-0; C,O,, 25-2; Cl, 10-2; H,O, 15-45%). 

(5) The yellowish-pink oxalatobisethylenediaminocobaltic chloride, prepared by Werner’s 
method (Ber., 1912, 45, 3281) (Found: N, 17-1; Cl, 11:0; H,O, 4-5. Calc. for 
[Co en,(C,0,)]Cl,H,O; N, 17-5; Cl, 11-1; H,O, 5-6%), is far more stable than the corresponding 
chromium salt. 

(6) Trisethylenediamino-compounds were prepared as described by Abegg (‘‘ Handbuch der 
anorgischen Chemie ”’). 

Resolution of the Racemic Complex Ions.—(1) Chromioxalate was resolved by Werner (Ber., 
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1912, 45, 3061) and cobaltioxalate by Jaeger (Rec. Trav. chim., 1919, 38, 171), /-strychnine being 
employed in each instance; better resolution was achieved by Johnson and Mead (Trans. 
Faraday Soc., 1933, 29, 626; 1935, 31, 1621). The optically active potassium salts are 
dihydrates. 

(2) The dioxalatoethylenediaminochromic complex had not previously been resolved. 
Fractional precipitation of the strychnine and cinchonine salts was fruitless, but resolution was 
accomplished with brucine in the following manner: a solution of brucine sulphate (2-25 g.) 
in hot water (32 c.c.) was cooled to 30° and added gradually to a solution of di- 
K[Cr en (C,O,),],2H,O (3 g.) in water (10 c.c.) also at 30°. The mixture was surrounded by ice 
and stirred continuously until precipitation of the dextrorotatory salt occurred (sometimes very 
slowly); yield 2g. The brucine salt of the /-complex was obtained from the filtrate by addition 
of alcohol. Removal of the base as insoluble brucine iodide proved unsatisfactory on account 
of the coprecipitation of a double salt formed by K[Cr en (C,O,),] with potassium iodide, and 
treatment of the brucine salt with aqueous potassium hydroxide caused decomposition of the 
complex ion, but the following method was successful. A mixture of finely powdered brucine 
salt (2 g.), 10% aqueous potassium hydroxide (2 c.c.), and absolute alcohol (60 c.c.) was stirred 
mechanically for 30 minutes; the brucine remained in solution but the potassium salt was 
filtered off, washed thoroughly with absolute alcohol and pure dry ether, and placed in a covered 
vessel out of contact with moist air (Found: C,O,, 48-4 ; H,O, 9-9. d-[Cr en (C,O,),)K,2H,O 
requires C,O,, 48:5; H,O, 9-9%); a593 + 0°65° (c = 0-6; 1 = 0-19), whence [M]p ~ + 2100°. 

(3) Attempts to resolve K[Co(NH;),(C,O,),] with strychnine and brucine were unsuccessful, 
thus supporting Riesenfeld and Klement’s view (loc. cit.) that it has the tvans-configuration. 

(4) Werner (Ber., 1914, 47, 2171) was unable to resolve oxalatobisethylenediaminochromic 
salts by means of optically active acids, but, contrary to his observations, optically active 
forms were obtained by treatment of d- (or /-) [Cr en,Cl,]Cl with a soluble oxalate, a result 
which has received independent confirmation by Mathieu (Bull. Soc. chim., 1936, 8, 476). Con- 
centrated hydrochloric acid (15 c.c.) and [Cr en,(C,O,)]C1,3H,O (10 g.) were gently heated until 
the salt dissolved and the colour became dark red. Violet-red crystals (5 g.) separated on 
cooling. Resolution of [Cr en,Cl,]Cl was carried out by fractional crystallisation of the bromo- 
d-camphorsulphonate (Werner, Ber., 1911, 44, 3132), and the d-chloride (2-5 g.) was added to 
an aqueous solution of ammonium oxalate (1-5 g. in 10 c.c.) at 65°; after being kept for 3 mins. 
at this temperature, during which its colour changed from violet-red to dark orange, the solution 
was cooled in ice, and addition of 0-5 c.c. each of dilute hydrochloric acid and absolute alcohol 
precipitated d-[Cr en,(C,O,)]Cl. The optical activity was enhanced by extracting the apricot- 
pink crystals with ice-cold water, since the racemate is more soluble than either of the active 
forms; a + 0-30° (c = 0-5, ] = 0-19), whence [M]p ~ + 930°. 

The cobalt analogue was prepared from d-[Co en,Cl,]Cl by an exactly parallel procedure. 
Werner (Ber., 1912, 45, 3281), who first used this method, recorded an inversion of the sign of 
rotation, which must have been due to the employment of light of wave-length other than 
5893 a. The activity of the product was improved by recrystallisation from hot water; ap + 
0-73° (c = 0-5, 1 = 0-19), whence [M]p ~ + 2300°. 

Measurement of Temperature Coefficients of Rates of Racemisation.—The apparatus used for 
the determination of the velocity of racemisation and its variation with temperature was essen- 
tially the same as that described by Beese and Johnson (loc. cit.). The solution under investi- 
gation was contained in a U-shaped glass cell (thickness 19 mm. or 8 mm.), the temperature of 
which was maintained constant within +0-02°. The velocity constant of inversion, k, was 
calculated from (2-303/2) logy, %»/a,. As a check on thermal or photochemical decomposition, 
the absorption coefficients at three wave-lengths near the absorption maximum in the visible 
spectrum were determined immediately after each experiment. In this connection a difficulty 
was encountered with cobaltioxalate. The interposition of a yellow Wratten filter between 
the sodium-vapour lamp and the deep green solution so reduced the field intensity as to make 
accurate observations of rotatory power impossible. In the absence of a filter the emission by 
the lamp of a weak band in the blue and a strong line at about 3300 a. caused decomposition of 
the complex ion. The difficulty was overcome with the aid of a glass cell (thickness 12 mm.) 
containing a concentrated solution of potassium nitrite, which eliminated the blue and ultra- 
violet radiations without materially reducing the intensity at 5893 a. The filter was incorpor- 
ated permanently in the apparatus. With this precaution none of the racemising compounds 
suffered appreciable decomposition during the time of observation. 

The data upon which Fig. 2 is based are given in Table V, but when examining them in 
relation to the activation energies (Table I) it should be noted that the rate measurements at 
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some temperatures were more reliable than at others or were repeated a larger number of times. 
This fact, which cannot easily be indicated, was taken into account when calculating the values 
of E. 
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TABLE V. 
d-[Cr(C,0,) 3)K,,2H,O d-[Cr en (C,0,),]K,2H,O d-[Co(C,0,) 3)K,,2H, O 
(0-045 g. in 10 c.c.; 19mm.cell). (0-05g.in 10c.c.; 19mm.cell). (0-046 g. in 10 c.c.; 8-5 mm. cell). 

Temp. k x 104. Temp. k x 104. Temp. k x 104. 

0-10° 0-28 0-70° 2-12 0-0° 0-005 
18-20 1-75 4-70 3-08 18-08 0-0976 
22-55 2-60 8-89 4-23 25-16 0-34 
25-02 3-26 9-80 5-2 30-02 0-64 
27-58 4-22 12-44 6-95 35-05 1-37 
30-08 5-06 16-47 9-1 37-48 1-75 
32-55 6-01 19-05 13-8 39-97 2-17 
35-05 7-77 20-57 15-0 40-57 2-30 
37-58 9-49 45-25 4-61 
40-04 11-1 49-86 8-38 
42-45 13-9 
45-05 17°8 
47-44 20-5 
50-08 24-9 


Some observations on aqueous solutions of d-[Cr en,(C,O,)]Cl are shown below. The rotations, 
&p, in the rows (1) and (2) refer to experiments at 18° and 30° respectively, and those in (3) to 
18° with 0-1m-zinc sulphate as solvent. The letters c and p denote, respectively, colour change 
and formation of a precipitate. 
TABLE VI. 

#,mins. 0. 5. 10. 20. 30. 60. 90. 120. 180. 240. 360. 720. 
(1) ap 0-36° 036° 0-36° 0:36° 0-36° 0-36° 036° 0-36° 036° 0-36° 0-36° 0-22°(p) 
(2) apn 0:36 0:36 0:36 0:36 0:36 0:36  0-32(c) 0-29(c) 0-20(p) 
(3) apn 0:36 0:36 0:36 0:36 0:36 0:36 0:36 0:36 0-30(p) 
The rotation of an aqueous solution of d-[Co en,(C,O,)]Cl at 18° remained unchanged for 5 days. 
In order to investigate the effect of multivalent cations, solutions were made up in 0-1M-cerous 
nitrate and in M-caicium chloride. No change of rotation occurred in either case during 3 hours 
at room temperature, or even on boiling for a few minutes. Nevertheless, loss of rotatory 
power took place on prolonged boiling of an aqueous solution (see below), accompanied by a 
distinct change of colour : 

t (hours) . Gane Te 3-3 6-5 10 15 20 49 

ap. sectesnensiocsncesecs MET 0-65° 0-47° 0-32° 0-28° 0-20° 0-03° 
A preliminary shina examination suggests that a genuine racemisation may possibly 
occur independently of some decomposition. However, the fact of decomposition (which 
appears to have escaped the notice of previous observers) and ignorance of its nature render the 
system unsuitable for quantitative study. 
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399. Attempts to prepare Optically Active Tervalent Nitrogen Com- 
pounds. Part I. Syntheses of 1:9-Phenylenecarbazole and Deriv- 


atives.* 
By HELEN G. Duntop and S. Horwoop TUCKER. 


1: 9-Phenylenecarbazole and its 4’-methyl and 4’-carboxy-derivatives have been 
prepared from carbazole by a method which has been standardised for the necessary 
five-membered ring closure. Carbazole-3-carboxylic and -3 : 6-dicarboxylic acids have 


* The major part of this work was incorporated in a thesis submitted (by H. G. D.) for the degree 
of Doctor of Philosophy of the University of Glasgow in May, 1936. Owing to experimental difficulties 
(described in this paper) we were unable to test the resolvability of our synthesised products. The 
work is still in progress, but the publication of a paper by Barger and Dyer (J. Amer. Chem. Soc., 1938, 
60, 2414) and a letter by Lions and Ritchie (ibid., 1939, 61, 1927) necessitates the publication of our 
synthetic work. 
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been prepared by use of trichloroacetonitrile, and converted, by the above method of 
ring closure, into 1: 9-phenylenecarbazole-3-carboxylic and -3: 6-dicarboxylic acid 
respectively. 1: 9-Phenylenecarbazole-3-carboxylic acid has also been produced by 
the reaction of trichloroacetonitrile with 1 : 9-phenylenecarbazole. 

Attempts to resolve 1 : 9-phenylenecarbazole-3 : 6-dicarboxylic acid into optically 
active antipodes by means of alkaloids were impracticable owing to the instability of 
the salts in solvents. 


NuMEROUS attempts have been made to prepare optically active isomers of nitrogen 
compounds whose activity was due to asymmetry of the tervalent nitrogen atom, but 
without success (e.g., Jackson and Kenner, J., 1928, 573; Meisenheimer, Ber., 1924, 57, 
1744; 1933, 66,985; Mumm and Ludwig, Aunalen, 1934, 514, 34; Schreiber and Schriner, 
J. Amer. Chem. Soc., 1935, 57, 1306; Kenner and Statham, Ber., 1936, 69, 187). 

Compounds containing nitrogen linked to three different groups have been resolved 
into optical antipodes, but in all cases activity is due not to asymmetry of the nitrogen 
atom but to molecular dissymmetry dependent on restriction of rotation about a single 
bond (Mills and Elliott, J., 1928, 1291; Mills and Breckenridge, J., 1932, 2209; Bock and 
Adams, J. Amer. Chem. Soc., 1931, 53, 374; Chang and Adams, 7did., p. 2353; Jamison 
and Turner, J., 1938, 1646). 3-Nitro-9-phenylcarbazole-2’-carboxylic acid [o-(3-nitro- 
carbazyl)benzoic acid; Patterson and Adams, J. Amer. Chem. Soc., 1933, 55, 1069] was 
resolvable for the same reason. The statement of those authors that “ in o-N-carbazyl- 
benzoic acid there is a symmetrical substitution of the pyrrole ring, and therefore the 
compound should be resolvable only if the nitrogen atom retains a more or less fixed tetra- 
hedral structure ” is surely untenable, since, provided the plausible assumption is made 
that the third nitrogen bond is symmetrically placed in relation to the other two (pyrrole 
ring) bonds, the molecule will have a plane of symmetry whether the three bonds are 
planar or non-planar. 

The negative * results obtained by Jackson and Kenner (loc. cit.) in their etteninte to 
prepare systems containing a benzene ring and two five-membered rings, fused as shown 
in (A), supported, they considered, their contention that “two five-membered rings 
associated with a benzene nucleus in the manner contemplated must be co-planar.” 

We have been fortunate in being able to synthesise compounds analogous to those 
sought by Jackson and Kenner, viz., 1 : 9-phenylenecarbazole (I) and its derivatives. 


VA, ‘ 


R | 

C¢ iN : 

oP (/ 

cK %. N 
(4; R = NorCH) (I.) (II.) 


Consideration of models shows that, if the whole molecule is planar, the nitrogen bonds, 
which are normally inclined at 120° to one another, are strained; but that this condition is 
partially relieved if the nitrogen atom adopts a position out of the plane of the benzene 
rings, #.¢., if it assumes a tetrahedral configuration, an exaggerated perspective view of such 
a structure being given by the “ butterfly ” formula (II), the thickened lines representing 
the portions of the benzene rings nearest to the observer. In such a structure the replace- 
ment by any atom or group of any hydrogen atom, other than that attached to the central 
benzene nucleus, and para to the nitrogen atom, will give rise to an asymmetric molecule 


* The claim (loc. cit., p. 576) that ‘‘ small quantities of a compound of the 

pg ra desired composition were obtained ’’ cannot be upheld, since the desired compound, 
Fae represented by the annexed formula, has the molecular formula C,,H,O,N, whereas 

the compound isolated (loc. cit., p. 581)—by the fusion of sodium indoxylacetate 

with sodamide, followed by treatment with methyl sulphate—gave an analysis in 
agreement with C,,H,,O,N,. Private communications from Professor Kenner and 


O-CH 
from Dr. Jackson admit, but do not elucidate, this discrepancy. 
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whose asymmetry is conditioned by the non-planar orientation of the tervalent nitrogen 
bonds. Thus with the above notation (I), derivatives of 1: 9-phenylenecarbazole having 
the 3-position, and it only, substituted will be symmetrical, but 4’ (equivalent to 6)-deriv- 
atives, ¢.g., will be asymmetric; and, if the molecule is sufficiently rigid to prevent the 
nitrogen atom moving into the planar configuration, such derivatives should be resolvable 
into optically active forms. 


CO, CO,H 


(III.) N / N / (IV.) 
rs Y 
O,H Vv 


1 : 9-Phenylenecarbazole-4'-carboxylic acid (III) has been synthesised, but in insufficient 

quantity for resolution experiments. 1 : 9-Phenylenecarbazole-3 : 6-dicarboxylic acid (IV) has 
also been synthesised, and gave salts with brucine, quinine, morphine, and ephedrine, 
but on. attempting crystallisation these dissociated: the recovered acid was inactive. 
The results are inconclusive ; the work is being continued along other lines. 
_ 1:9-Phenylenecarbazole (I) was synthesised by condensation of carbazole (V) with 
o-chloronitrobenzene in presence of potassium carbonate and copper bronze to give 
9-(2’-nitrophenyl)carbazole (VI, R =H). Reduction by means of stannous chloride in 
glacial acetic acid saturated with dry hydrogen chloride gave 9-(2’-aminophenyl)carbazole 
(VII, R = H), which, by diazotisation with an aqueous solution of sodium nitrite in a 
mixture of glacial acetic and concentrated sulphuric acids, followed by boiling, gave 1 : 9- 
phenylenecarbazole (VIII, R = H). 


OO OS Ose) 


NH N / 
NO, NH, 


(V.) (VI.) (VII.) (VIII.) 


Condensations (V—VI) were effected in like manner with carbazole and 1-chloro-2- 
nitrobenzenes containing a methyl, cyano-, chloro-, or nitro-group in position 4, giving rise 
to compounds represented by (VI), but when R = acetyl, no condensation product could 
be isolated. 

Condensations were also readily effected likewise between substituted carbazoles and 
o-chloronitrobenzene. -Thus ethyl carbazole-3-carboxylate and -3 : 6-dicarboxylate com- 
bined readily with o-chloronitrobenzene to give ethyl 9-(2'-nitrophenyl)carbazole-3-carboxylate 
(IX) -3 : 6-dicarboxylate (X) respectively. 


CueSinn : et OO uae 


(IX.) N . N (X.) 
NO, NO, 


The effect of the addition of copper on the condensation of carbazole (+ potassium 
carbonate) with compounds of the formula 1-chloro-2-nitro-4-R-benzene is remarkable : 
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Yield (%). 
" Temp. Time (hrs.). Without Cu. With Cu. 

PR ASS LR 3 10 
Bless hon tin vou sseenebaenns detesuoseedancaeesteetan 3 10 35 
Ge ncdcsccscddudscbaleidchsdeidcebstebcabeusaade” ee 3 0 35 

230—240 7 10 — 
oo ae 12 50 50 
Ce astadcestsdenianetaeneniseietaes ae 12 40 15 
Similarly for carbazole (+ potassium carbonate) and the following three substances : 


p-Iodotoluene . wvesssedicweicbtencctcs “See Eee 6 40 66 
p- -Chloroiodobenzene . Seesbeveeesi ses 200 6 17 70 
Ethyl p- -iodobenzoate ......c.0ss0000s0e--- 220-—230 6 0 80 


Reduction (VI —-> VII) gave the corresponding amine (VII) except when R = NO,. 
In this case, reduction by means of sodium sulphide of 9-(2’ : 4’-dinitrophenyl)carbazole 
(VI, R = NO,) gave 9-(2’-nitro-4’-aminophenyl)carbazole (VI, R = NH,) instead of the 
required 9-(2’-amino-4’-nitrophenyl)carbazole (VII, R = NO,). That the 4’- and not the 
2’-nitro-group had been reduced was proved by replacement of the amino-group by 
hydrogen and subsequent isolation of 9-(2’-nitrophenyl)carbazole. This result was not 
unexpected, however, since it has been found (Storrie and Tucker, J., 1931, 2255) that in 
the partial reduction of 2 : 4-dinitro-N-methyl(or ethyl)diphenylamine the 4-nitro-group 
is reduced, whereas with the unalkylated compound, 2 : 4-dinitrodiphenylamine, the 
2-nitro-group is preferentially reduced. 

Cyclisation (VII — VIII) was readily effected with compounds in which R = H or Me; 
but when R = Cl or CN, small amounts of unidentified products were obtained. Hydr- 
olysis of 9-(4’-cyano-2’-aminophenyl)carbazole (VII, R = CN) gave 9-(2’-aminopheny]l)- 
carbazole-4’-carboxylic acid (VII, R = CO,H), which then cyclised to 1 : 9-phenylene- 
carbazole-4’-carboxylic acid (III) but only when nitrobenzene was present in the diazotis- 
ation mixture. Ethyl 9-(2'-aminophenyl)carbazole-3-carboxylate (from IX) gave ethyl 
1 : 9-phenylenecarbazole-3-carboxylate, and ethyl 9-(2'-aminophenyl)carbazole-3 : 6-dicarb- 
oxylate (from X) gave ethyl 1: 9-phenylenecarbazole-3 : 6-dicarboxylate. 

Cyclisation (VII —-> VIII) to give 1 : 9-phenylenecarbazole could not be effected under 
any other conditions than those given. Thus (a) when the acetic acid was replaced by 
methyl alcohol, 9-phenylcarbazole resulted [cf. the conversion, under these conditions, of 
9-(2’-aminobenzoyl)carbazole into 19-ketophenanthridinocoline; Plant and Tomlinson, 
J., 1932, 2188}. 

Similarly 9-(2’-amino-4’-cyanopheny]l)carbazole gave 9-(4’-cyanophenyl)carbazole. 

(b) When the diazonium sulphate solution obtained from 9-(2’-aminophenyl)carbazole 
was treated with sodium hydroxide solution, an unworkable product was obtained. 
9-(2’-Amino-4’-cyanophenyl)carbazole behaved similarly (cf. the conversion, under these 
conditions, of o-amino-N-methyldiphenylamine into 9-methylcarbazole; Storrie and 
Tucker, J., 1931, 2262). 

(c) Aluminium chloride in various solvents had no effect on 9-phenylcarbazole. 

(d) Fusion of 9-p-tolylcarbazole with potassium hydroxide effected neither ring closure 
nor oxidation of the methyl to the carboxyl group. 

Neither 1 : 9-(4'-methylphenylene)carbazole nor 9-p-tolylcarbazole could be oxidised to 
the corresponding 4’-carboxylic acid. It is significant that no method of oxidising a 
methylcarbazole to a carbazole carboxylic acid is known. 

For comparison purposes 9-phenylcarbazole and its derivatives were prepared by 
condensing iodobenzene and the #-iodo-derivatives of toluene, chlorobenzene, and ethyl 
benzoate with carbazole in presence of anhydrous potassium carbonate and a trace of 
copper bronze. They were quite different from 1 ; 9-phenylenecarbazole and its synthesised 
derivatives. 

9-Benzoylcarbazole, whose preparation has hitherto proved capricious (Mazzara, Ber., 
1891, 24, 278; Tucker and Stevens, J., 1923, 123, 3146; Tucker, J., 1926, 548, footnote), 
can readily be prepared by this method. 

Preparation of Carboxy-derivatives of Carbazole and of 1 : 9-Phenylenecarbazole-——The 
carboxy-derivatives of carbazole are not easily available, although various methods for the 
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preparation of carbazole-l-, -2-, and -3-carboxylic acids are described in the literature 
(see Briscoe and Plant, J., 1928, 1990; Plant and Williams, J., 1934, 1142; Gilman and 
Kirby, J. Org. Chem., 1936, 1, 146). We have found that Houben and Fischer’s methods 
of preparing carboxy- and cyano-derivatives of hydrocarbons (Houben and Fischer, J. pr. 
Chem., 1929, 128, 313; Houben, Ber., 1930, 63, 2455. Cyano-derivatives, Houben and 
Fischer, ibid., p. 2464; 1933, 66, 339) can be used for the preparation of these derivatives 
of carbazole. For instance, the action of trichloroacetonitrile on carbazole in chloro- 
benzene in the presence of anhydrous aluminium chloride and dry hydrogen chloride, 
followed by hydrolysis with concentrated hydrochloric acid, gave 3-trichloroacetylcarbazole 
(XI), which by alkaline hydrolysis gave carbazole-3-carboxylic acid : 


Sees ree Carbazole-3- 

(Vv) — NH,HCl | —> O —. carboxylic 

NH NH acid + CHCl, 
(XI.) 

Carbazole-3 : 6-dicarboxylic acid was similarly obtained. It was alleged to have 
been obtained (Meister, Lucius, and Briining, D.R.-P. 263,150) by a process analogous to 
that by which carbazole-3-carboxylic acid was alleged to have been prepared (I. G. 
Farbenind. Akt.-Ges., D.R.-P. 442,609), but its constitution was not established until it had 
been prepared by potassium hydroxide fusion of 3 : 6-dibenzoylcarbazole and identified 
as its ethyl ester (Mitchell and Plant, J., 1936, 1296). 

3-Cyano- and 3 : 6-dicyano-carbazole were prepared by the Houben-Fischer method 
(loc. cit.) and will be described in another communication. 1: 9-Phenylenecarbazole was 
carboxylated by this method and gave a monocarboxylic acid, m. p. 305°, which was 
shown to be 1 : 9-phenylenecarbazole-3-carboxylic acid as follows : By our standard method of 
condensation with o-chloronitrobenzene, followed by reduction, ring closure, and hydr- 
olysis, ethyl carbazole-3-carboxylate gave a phenylenecarbazolecarboxylic acid, m. p. 
305°, which was identical with that obtained from I : 9-phenylenecarbazole. Now carbazole- 
3-carboxylic acid can theoretically give either 1 : 9-phenylenecarbazole-3-carboxylic acid 
or 1 : 9-phenylenecarbazole-4’-carboxylic acid (III). Since the last acid has been synthesised 
by an unambiguous process, above described, and found to melt at 340°, the carboxylic 
acid, m. p. 305°, derived both from carbazole-3-carboxylic acid and from 1 : 9-phenylene- 
carbazole is 1 : 9-phenylenecarbazole-3-carboxylic acid. 

These results were unfortunate, since the last acid has a symmetric structure. The 
introduction of a single atom or group into any position in this molecule would have rendered 
it asymmetric (according to our theory), but this line was not tried, since carbazole-3 : 6- 
dicarboxylic acid by our standard method gave 1 : 9-phenylenecarbazole-3 : 6-dicarboxylic 
acid, which (according to our theory) might be asymmetric; but, as already mentioned, 
attempts at resolution were fruitless. 

1 : 9-Phenylenecarbazole is a neutral substance. It forms a picrate and a trinitro- 
benzene derivative. It is relatively stable, since it sublimes unchanged at 230°/15 mm., 
and is unaffected by chlorine in chloroform or boiling glacial acetic acid; but with iodine 
and nitric acid in glacial acetic acid (Datta and Chatterjee, J. Amer. Chem. Soc., 1919, 41, 
292) it gives a monoiodotrinitro-derivative. Regulated bromination gave rise to a mono- 
bromo- and a dibromo-derivative. Since, by the Houben-Fischer reaction with trichloro- 
acetonitrile, substitution has been shown to take place in the 3-position of 1 : 9-phenylene- 
carbazole, we suggest that the monobromo-derivative is 3-bromo-1 : 9-phenylenecarbazole. 
It would not react with activated magnesium (Gilman and Kirby, Rec. Trav. chim., 1935, 
577) in amyl ether (it i is practically insoluble in ethyl ether) or in xylene. Heating it with 
magnesium powder in an inert atmosphere (Gilman and Brown, J. Amer. Chem. Soc., 
1930, 52, 3330) resulted in decomposition. 


EXPERIMENTAL. 


Microanalyses were carried out by Mr. J. M. L. Cameron, Glasgow, and by Dr. Schoeller, 
Berlin. 
Synthesis of 1: 9-Phenylenecarbazole (I)—A mixture of carbazole (20 g.), o-chloronitro- 
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benzene (40 g.), anhydrous potassium carbonate (20 g.), and copper bronze (0-2—0-3 g.) was 
boiled, with frequent shaking, for 3 hours, then steam-distilled to remove the excess of o-chloro- 
nitrobenzene. The brown residue was extracted with glacial acetic acid (250 c.c.; charcoal), 
the solution evaporated, and the product therefrom extracted several times with alcohol. The 
first extract contained a small amount of carbazole. 9-(2’-Nitrophenyl)carbazole crystallised 
from the other extracts in yellow needles (15—18 g.), m. p. 156° (corr.) (yield, 50—60%). The 
improved yield (Nelmes and Tucker, J., 1933, 1525, obtained 3 g.; yield, 10%) is due to 
addition of copper bronze. Replacement of potassium carbonate by copper bronze (1 g.) gave 
an unworkable tarry product. The optimum period of heating is 3 hours: after 2 hours’ 
heating, much unchanged carbazole was recovered; after 4 hours, the product was tarry. 

9-(2’-Nitrophenyl)carbazole (10 g.), stannous chloride (40 g.), and glacial acetic acid (150 
c.c.) saturated with hydrogen chloride were boiled together. The solution, which almost 
immediately became green, was poured into a large excess of hot, fairly concentrated sodium 
hydroxide solution and, after settling, the precipitate was filtered off and extracted with 
benzene. The dried extract, on concentration almost to dryness, gave crystals which after 
recrystallisation from alcohol (charcoal) afforded coleurless crystals of 9-(2’-aminophenyl)- 
carbazole (7 g.), m. p. 119—121° (corr.) (yield, 75%) (Found: N, 10-7. C,,H,,N, requires N, 
10-85%). Nelmes and Tucker (loc. cit.) obtained this substance by the reduction with tin and 
hydrochloric acid—a much slower method—but failed to crystallise it. They obtained the 
acetyl derivative, 9-(2’-acetamidophenyl)carbazole, m. p. 150° (corr.). 

Reduction with tin, hydrochloric acid, and glacial acetic acid gave a lower yield of 
amine (50%). 

9-(2’-Aminophenyl)carbazole (5 g.) was dissolved in glacial acetic acid (50 c.c.), concentrated 
sulphuric acid (11 c.c.) added, and the solution diazotised at 0° with sodium nitrite (1-35 g. in 
30 c.c. of water). After a short time the deep red solution was boiled for} hour. The reddish- 
brown crystalline solid obtained, recrystallised from alcohol (charcoal) or methyl alcohol, gave 
1 : 9-phenylenecarbazole in colourless, silky needles (2-6 g.), m. p. 136-5—138-5° (corr.) (yield, 
56%) (Found: C, 89-7; H, 4:7; N, 6-0; M, Rast, 248. (C,,H,,N requires C, 89-6; H, 4-6; 
N, 58%; M, 241). 

The use of excess of sodium nitrite gave a lower yield. Heating may be carried out on the 
water-bath, but the reaction is slower, and the yield not improved. Vigorous boiling causes 
tarring. A quicker and more efficient way of purifying small quantities of 1 : 9-phenylene- 
carbazole is that of sublimation (250°/15 mm.). The substance is very soluble in cold benzene 
and in carbon tetrachloride, sparingly soluble in petroleum. The picrate, obtained from ethereal 
solutions of the components, crystallised from glacial acetic acid in red needles, m. p. 165—169° 
(Found: C, 61:3; H, 3-0; N, 11-7. C,,sH,,N,C,H,O,N, requires C, 61-3; H, 3-0; N, 11-9%). 
The s.-trinitrobenzene compound, prepared in alcoholic solution, crystallised from glacial 
acetic acid in long, yellow needles, m. p. 192—194° (Found: C, 63-5; H, 3-2; N, 12-4. 
C,,H,,N,C,H,O,N;, requires C, 63-4; H, 3-1; N, 12-3%). 

9-Phenylcarbazole.—A mixture of carbazole (5 g.), iodobenzene (12 g.), anhydrous potassium 
carbonate (5 g.), and copper bronze (0-3 g.) was heated at 190—200° for 6 hours. After 
cooling, the product was washed with warm water, and the residue crystallised three times 
from alcohol, forming colourless crystals (4-5 g.), m. p. 91—93° (yield, 65%) (Found: C, 88-7; 
H, 5-6; N, 5-55. Calc.: C, 88-9; H, 5-35; N, 58%). Cassella (D.R.-P. 224,951) gives m. p. 
82—84°; Eckert, Seidel, and Endler (J. pr. Chem., 1922, 104, 87) give m. p. 87—89°; Organic 
Syntheses, 1928, 8, 119, gives m. p. 88—89° and 88% yield. The picrate formed scarlet needles, 
m. p. 126—129° (Found: C, 60-9; H, 3-6; N, 11-8. C,,H,,;N,C,H,0O,N,; requires C, 61-0; 
H, 3-4; N, 11-9%). 

The s.-tvinitrobenzene compound, prepared in alcohol, crystallised from alcohol and then 
from glacial acetic acid in orange needles, m. p. 132—134° (Found: N, 12-1. C,,H,,;N,C,H,O,N, 
requires N, 12-3%). 

Synthesis of 1: 9-(4’-Methylphenylene)carbazole (VIII, R = Me).—Carbazole (10 g.), 4-chloro-3- 
nitrotoluene (22 g.) (Gattermann, Ber., 1885, 18, 1483; Gattermann and Kaiser, ibid., p. 2600), 
anhydrous potassium carbonate (10 g.), and copper bronze (0-1—0-2 g.) were heated together 
at 220—230° for 3 hours, the excess of 4-chloro-3-nitrotoluene removed by steam-distillation, 
and the residue dissolved in glacial acetic acid (charcoal). The solution, decanted from the 
brown tar which separated on cooling, gave 9-(2’-nitro-4'-methylphenyl)carbazole; a further 
quantity was obtained by extracting the tar with alcohol. It crystallised from alcohol in 
yellow needles, m. p. 104—106° (6 g.; yield, 35%) (Found: N, 9-4. C,,H,,0,N, requires 
N, 9-3%). 
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No condensation occurred when barium carbonate replaced potassium carbonate (cf. Macrae 
and Tucker, J., 1933, 1521). 

The above nitro-compound (5 g.), stannous chloride (25 g.), and glacial acetic acid (100 c.c.) 
saturated with hydrogen chloride were boiled together for 4 hour while hydrogen chloride was 
passed in. Further quantities of stannous chloride (10 g.) and acetic acid (25 c.c.) were added, 
and boiling continued until a white solid separated. The mixture was then poured into a 
large excess of sodium hydroxide solution and, after filtration, the solid was extracted with 
cold benzene. From the extract, concentrated almost to dryness, 9-(2’-amino-4'-methylphenyl)- 
carbazole separated; it crystallised from alcohol in colourless prisms, m. p. 117—119° (3 g.; 
yield, 75%) (Found: N, 10-3. C,9H,,N, requires N, 10-3%). 

The above amine (5 g.) in glacial acetic acid (45 c.c.) and concentrated sulphuric acid (10 
c.c.) was diazotised at 0° (1-3 g. of sodium nitrite in 30 c.c. of water), and the mixture boiled for 
10 minutes. The black tar obtained solidified when cooled in ice. Extraction with alcohol 
and precipitation of the extracts with water yielded a brownish-white solid. Crystallisation 
from alcohol, followed by sublimation (210—270°/15 mm.), gave a soft, white sublimate, which 
slowly became brittle. Crystallisation from petroleum, methyl alcohol or glacial acetic acid 
gave tufts of long, colourless needles which on drying matted together like felt. 1: 9-(4’- 
Methylphenylene)carbazole had m. p. 109—111° (corr.) (Found: C, 89-4; H, 5-1. C,,H,,;N 
requires C, 89-4; H, 5-1%). Its solutions in the usual organic solvents exhibited a faint violet 
fluorescence. The icrate crystallised from alcohol in red needles, m. p. 145—150° (Found : 
C, 62:0; H, 3-4; N, 11-5. C,.H,,;N,C,H,O,N, requires C, 62-0; H, 3-3; N, 11-6%), and the 
s.-tvinitrobenzene compound from glacial acetic acid in yellow needles, m. p. 170—172° (Found : 
C, 63-9; H, 3-4; N, 12-0. C,,H,,N,C,H,O,N, requires C, 64-1; H, 3-4; N, 12-0%). 

9-p-Tolylcarbazole, prepared by means of p-iodotoluene (15 g.) in the same way as its phenyl 
analogue, formed colourless needles (5 g.), m. p. 105——107°, from alcohol (yield, 66%) (Found : 
N, 5-6. C,,H,,;N requires N, 5-45%). The s.-trinitvobenzene compound crystallised from 
alcohol in long red needles (yellow when powdered), m. p. 106—108° (Found: N, 12:1. 
C,,H,,N,C,H,O,N, requires N, 11-:9%). 

Attempted Synthesis of 1: 9-(4'-Chlorophenylene)carbazole (VIII, R = Cl).—A mixture of 
carbazole (10 g.), 1 : 4-dichloro-2-nitrobenzene (22 g.), anhydrous potassium carbonate (10 g.), 
and copper bronze (0-2 g.) was heated at 220—230° for 4 hours, the brown mass steam-distilled 
to remove the excess of 1 : 4-dichloro-2-nitrobenzene, and the residue crystallised from alcohol 
(charcoal); orange-yellow prisms of 9-(4’-chloro-2'-nitrophenyl)carbazole (VI, R = Cl), m. p. 
134—136°, were obtained (6-6 g.; yield, 35%) (Found: Cl, 10-9. C,,H,,0,N,Cl requires Cl, 
11-0%). 

The above nitro-compound (5 g.), stannous chloride (25 g.), and glacial acetic acid (100 c.c.) 
saturated with dry hydrogen chloride were boiled together for a few minutes until the colour 
of the solution was pale yellowish-green. 9-(4'-Chloro-2'-aminophenyl)carbazole (VII, R = Cl) 
was precipitated as previously described for analogous compounds. The dried benzene extract 
was concentrated, dry hydrogen chloride passed in, and the hydrochloride of the base 
precipitated by addition of petroleum (b. p. 60—80°). The hydrochloride was decomposed 
with ammonia, and the amine crystallised from methyl alcohol. An oil separated first, but 
from the mother-liquor crystals separated, m. p. 84—86° (4 g. of hydrochloride; yield, 80%) 
(Found : N, 9-5. C,,H,,;N,Cl requires N, 9-6%). 

The hydrochloride (2-5 g.) in glacial acetic acid (20 c.c.) and concentrated sulphuric acid 
(4:4 c.c.) was diazotised at 0° (0-54 g. of sodium nitrite in 12 c.c. of water) and after 10 minutes 
the crimson solution was heated at 80° for $ hour. A black tar, which solidified readily on 
cooling, was obtained. It was sublimed (230—250°/15 mm.); the yellowish-white product 
crystallised from alcohol or acetic acid in colourless needles, m. p. 138—140°. 

9-(4'-Chlorophenyl)carbazole-—A mixture of carbazole (5 g.), p-chloroiodobenzene (Gomberg 
and Cone, Ber., 1906, 39, 3281) (14 g.), anhydrous potassium carbonate (5 g.), and copper 
bronze (0-2 g.) was heated at 200° for 6 hours with frequent shaking. The excess of p-chloro- 
iodobenzene was removed by steam-distillation; the residual brownish-white solid crystallised 
from ethyl acetate in colourless prisms, m. p. 140—143° (6 g.; yield, 70%) (Found: Cl, 13-0. 
Calc. for C,,H,,NCl: Cl, 128%). Guillaume and Marcel de Montmollin (Helv. Chim. Acta, 
1923, 6, 98) give m. p. 146°. 

In the absence of copper bronze the solid which crystallised from the ethyl acetate extract 
was carbazole; 9-(4’-chlorophenyl)carbazole, mixed with carbazole, was isolated from the 
mother-liquor (1-5 g.; yield, 17%). 

A mixture of 9-(4’-chlorophenyl)carbazole (m. p. 140—148°) with the alleged 9-(4’-chloro- 
phenylene)carbazole (m. p. 138—140°) melted at 120°. 
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9-(2’-Nitvo-4'-aminophenyl)carbazole (VI, R = NH,).—Sodium sulphide (7-5 g.), sulphur 
(2 g.), and rectified spirit (0-5 c.c.) were heated together and added to 9-(2’ : 4’-dinitropheny]l)- 
carbazole (Dunlop, Macrae, and Tucker, loc. cit., p. 1675) (9 g.) in methylated spirit (50 c.c.). 
The solution was boiled for 2 hours, filtered hot, and allowed to crystallise. The red solid 
obtained was converted into the hydrochloride by hydrogen chloride in dry benzene. The 
hydrochloride on treatment with ammonia gave the amine, which crystallised from alcohol in 
long red needles, m. p. 164—166° after softening at 145°. When boiled with acetic anhydride 
for a few minutes, it gave the acetyl derivative, which was recrystallised from acetic acid; m. p. 
261—263° (Found: N, 12-1. C,).H,,0,N,; requires N, 12-2%). 

9-(2’-Nitro-4'-aminophenyl)carbazole (2 g.) was heated with dilute sulphuric acid (5 c.c. of 
concentrated acid and 25 c.c. of water), cooled in ice, and diazotised (0-6 g. of sodium nitrite 
in water). The solution, containing a dark red solid, was poured into alcohol and heated on 
a water-bath until effervescence ceased. The liquid was filtered hot and the yellow solid which 
separated on cooling was crystallised several times from alcohol, giving long yellow needles of 
9-(2’-nitrophenyl)carbazole, m. p. and mixed m. p. 151—153°. 

9-(2’ : 4’-Diaminophenyl)carbazole (VII, R = NH,).—9-(2’ : 4’-Dinitrophenyl)carbazole (2 g.) 
was boiled with stannous chloride (20 g.) and glacial acetic acid (100 c.c.) saturated with 
hydrogen chloride, until only a faint yellow colour persisted, and the product worked up as in 
analogous preparations. The dried benzene extract was concentrated, and the diamine 
precipitated with petroleum and thrice crystallised from aqueous alcohol; it formed tufts of 
colourlesss needles, m. p. 128—130° (1 g.; yield, 63%) (Found: N, 15-0. C,,H,,N; requires N, 
15-3%). 

9-(2' : 4’-Diacetamidophenyl)carbazole, prepared by boiling the diamine for a few minutes 
with acetic anhydride, crystallised from aqueous alcohol in colourless plates, m. p. 230—235° 
(Found: N, 11-5. C,,H,,O,N, requires N, 11-8%). 

9-(2'-A mino-4'-acetamidophenyl)carbazole.—9-(2'-Nitro-4'-acetamidophenyl)carbazole (2 g.) 
and stannous chloride (10 g.) were boiled for a few minutes with glacial acetic acid (50 c.c.) 
saturated with hydrogen chloride and the hot solution was poured into concentrated sodium 
hydroxide solution. The grey solid obtained crystallised from aqueous alcohol in colourless 
plates, m. p. 235—245° (1-4 g.; yield, 75%). Attempts to effect ring closure by the diazotis- 
ation process already described failed. 

Attempts to condense carbazole with either 4-chloro-, 4-bromo- or 4-iodo-3-nitroaceto- 
phenone also failed (Organic Syntheses, 1925, 5, 17; Le Févre, J., 1932, 1991). 

4-lodo-3-nitroacetophenone.—p-Iodoacetophenone (1 g.) (Evans, Morgan, and Watson, J., 
1935, 1172) was slowly added to nitric acid (6 c.c., d 1-5) cooled in ice. After 5 minutes the 
solution was poured into water. The product crystallised from alcohol in pale yellow needles, 
m. p. 112—115° (Found: N, 4-8; I, 44-2. C,H,O,NI requires N, 4-8; I, 43-6%). 

Synthesis of 1 : 9-Phenylenecarbazole-4'-carboxylic Acid (III).—A mixture of carbazole (10 g.), 
4-chloro-3-nitrobenzonitrile (25 g.) (Dunlop, Macrae, and Tucker, J., 1934, 1675), and anhydrous 
potassium carbonate (10 g.) was heated at 180—190° for 12 hours with frequent shaking. The 
cold mixture was extracted with glacial acetic acid (charcoal), from which a product crystallised 
containing carbazole and 4-chloro-3-nitrobenzonitrile. The latter was removed by washing 
with warm alcohol, and most of the former by crystallisation from xylene and then from acetic 
anhydride. 9-(2’-Nitro-4'-cyanophenyl)carbazole (VI, R = CN) crystallised from acetic anhydride 
or anisole in clusters of yellow needles, m. p. 172—174° (7-5 g.; yield, 40%) (Found: C, 72-9; 
H, 3-4; N, 13-3. C,9H,,O,N, requires C, 72-5; H, 3-5; N, 13-4%). 

No condensation took place when potassium carbonate was replaced by barium carbonate 
(cf. Macrae and Tucker, loc. cit.). Above 200°, or after 18 hours’ heating, the reaction gave a 
charred mass. 

The above nitro-compound (5 g.) was reduced as in analogous preparations. 9-(2’-A mino- 
4'-cyanaophenyl)carbazole (VII, R = CN) crystallised from alcohol in colourless plates, m. p. 
186—188° (3 g.; yield, 70%) (Found: N, 14-7. C,sH,;N, requires N, 14-8%). The acetyl 
derivative crystallised from methyl alcohol in nacreous plates, m. p. 241—243°. 

The amine (4-2 g.) was boiled for 1 hour with a mixture of glacial acetic acid (30 c.c.) and 
concentrated hydrochloric acid (75 c.c.). The hot solution deposited 9-(2’-amino-4’-carboxy- 
phenyl)carbazole hydrochloride, m. p. 210—220° (5 g.; yield, theoretical). This dissolved in a 
weakly acid solution, was precipitated therefrom by sodium hydroxide solution, and dissolved 
in excess of alkali. It could not be further purified. 

The method usually adopted to effect ring closure having failed, the process was modified 
merely by addition of nitrobenzene thus: The above hydrochloride (3 g.) in glacial acetic acid 
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(25 c.c.) and concentrated sulphuric acid (6 c.c.) was diazotised at 0° (0-6 g. of sodium nitrite 
in 15 c.c. of water), redistilled nitrobenzene (25 c.c.) added, and the mixture heated for 10 
minutes and allowed to cool. The pale brown,.crystalline solid obtained (0-45 g.; yield, 18%) 
‘was sublimed at 300—350°/15 mm., and subsequent crystallisation yielded pink prisms of 
1 : 9-phenylenecarbazole-4'-carboxylic acid, m. p. 340° after blackening at 320° (Found: C, 
80-0; H, 3-9. C,sH,,O,N requires C, 80-0; H, 39%). The methyl ester, prepared from the 
acid and methyl-alcoholic hydrogen chloride, separated from aqueous dioxan in pink crystals, 
m. p. 155—162°. 

The acid was heated with copper bronze until decomposition set in. The product, sublimed, 
and crystallised from alcohol, proved to be 1 : 9-phenylenecarbazole, identified by mixed m. p. 
and by formation of the trinitrobenzene compound. The acid was not decarboxylated by 
heating with copper in boiling quinoline, or with copper at 300°. 

Attempted Preparation of 1: 9-(4'-Cyanophenylene)carbazole (VIII, R = CN).—9-(2’-Amino- 
4’-cyanophenyl)carbazole (1 g.) in methyl alcohol (120 c.c.) and concentrated sulphuric acid 
(2 c.c.) was diazotised at 0° (0-25 g. of sodium nitrite in 5 c.c. of water), and the solution boiled 
and concentrated. The reddish crystalline product, recrystallised from alcohol and then from 
acetic anhydride, gave colourless 9-(4'-cyanophenyl)carbazole, m. p. 175—177° alone or mixed 
with a sample prepared from 9-(4’-nitrophenyl)carbazole (Guillaume and de Montmollin, 
loc. cit., p. 94; Nelmes and Tucker, Joc. cit., p. 1524). 

Synthesis of 9-Phenylcarbazole-4'-carboxylic Acid.—A mixture of p-iodotoluene (35 g.), glacial 
acetic acid (300 c.c.), concentrated sulphuric acid (50 c.c.), and water (50 c.c.) was boiled, and 
a solution of sodium dichromate (60 g.) in water (100 c.c.) added during 4 hour with frequent 
shaking. On cooling, p-iodobenzoic acid separated. After being washed with water, it was 
crystallised from glacial acetic acid; m. p. 265—266° (25 g.; yield, 63%) (cf. Hoffmann, Annalen, 
1891, 264, 166; Koopal, Rec. Trav. chim., 1915, 34, 151; Dunlop, Macrae, and Tucker, loc. cit.). 
The acid was esterified by boiling for 12 hours in absolute alcohol with hydrogen chloride 

-(Schmidt and Schultz, Annalen, 1881, 207, 334). The ethyl ester had b. p. 157°/24 mm. 

A mixture of carbazole (4 g.), ethyl p-iodobenzoate (13 g.), anhydrous potassium carbonate 
(4 g.), and copper bronze (0-15 g.) was heated at 220—230° for 6 hours with frequent shaking, 
and the excess of ethyl p-iodobenzoate then removed by steam-distillation. The residue gave 
ethyl 9-phenylcarbazole-4'-carboxylate, which crystallised from alcohol in colourless plates, m. p. 
97—100° (6 g.; yield, 80%) (Found: C, 80-0; H, 5-4; N, 4-5. C,,H,,O,N requires C, 80-0; 
H, 5-4; N, 4:4%). This ester was boiled with alcoholic potassium hydroxide for 20 minutes, . 
and the mixture poured into dilute hydrochloric acid. The precipitated 9-phenylcarbazole-4'- 

carboxylic acid crystallised from glacial acetic acid in colourless prisms, m. p. 215—219°. It 
dissolved completely in aqueous ammonia (Found: C, 79-3; H, 4:5; N, 4:8. C,.H,,0,N 
requires C, 79-4; H, 4-5; N, 4:9%). When decarboxylated as in the case of 1 : 9-phenylene- 
carbazole-4’-carboxylic acid, it gave 9-phenylcarbazole, m. p. and mixed m. p. 91—93°. 
Decarboxylation could rot be effected by boiling with copper in quinoline for 1 hour or by 
heating with copper at 300° for 15 minutes (cf. decarboxylation of 9-phenylcarbazole-2’-carb- 
oxylic acid; Eckert, Seidel, and Endler, J. pr. Chem., 1922, 104, 87). 

Carbazole-3-carboxylic Acid.—Dry hydrogen chloride was passed into a cooled solution of 
trichloroacetic acid (1 mol.) in alcohol (1 mol.) until two layers appeared (5 hours). The ester 
was worked up in the usual way (yield, 90%; cf. Spiegel, Ber., 1907, 40, 1734, who obtained 
50—60%) and converted by concentrated aqueous ammonia into trichloroacetamide (yield, 
60%) (Clermont, Compt. rend., 1901, 183, 738). A mixture of trichloroacetamide (50 g.) and 
phosphoric oxide (70 g.) was heated until liquid trichloroacetonitrile appeared in the neck of 
the flask; the pasty mass was then submitted to distillation. Usually no amide distilled and 
the nitrile was pure; but to ensure purity, especially after storing, it was redistilled before use, 
b. p. 85—86° (38 g.; yield, 80%). Bisschopinck (Ber., 1873, 6, 732), Bauer (Amnalen, 18865, 
229, 166), and Steinkopf (Ber., 1908, 41, 2540) employed vacuum distillation, but this is 
wasteful of product. Houben and Fischer (Ber., 1927, 60, 1765) heated the mixture under 
pressure (} atm. excess) and distilled the nitrile in a vacuum. 

Carbazole (4-2. g.; 1 mol.), chlorobenzene (40 c.c.), trichloroacetonitrile (3 c.c.; 1-2 mols.), 
and aluminium chloride (4 g.; 1-2 mols.) were mixed, saturated with hydrogen chloride, heated 
from 40° to 100° during 1 hour, and maintained at 100° for 1 hour; the mixture was shaken 
at frequent intervals. The hot brown-red product was treated with excess of concentrated 
hydrochloric acid, and the chlorobenzene removed in a vacuum. The pale green solid that 
eventually separated from the aqueous acid portion was retreated with hydrochloric acid and 
crystallised from glacial acetic acid, giving matted yellow needles of 3-irichloroacetylcarbazole, 
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m. p. 206—208° (7-5 g.; yield, 84%) (Found: C, 53-7; H, 2-6. C,,H,ONCI, requires C, 53-8; 
H, 2-6%). The acetyl derivative was prepared by boiling with acetic anhydride containing a 
trace of concentrated sulphuric acid for 1 minute; dilution with acetic acid, then water, gave 
pale brown nodules, which separated from alcohol in cream crystals, m. p. 120—125° (Found : 
C, 54-1; H, 3-0. C,,H,,O,NCl, requires C, 54-2; H, 2-8%). 

When 3-trichloroacetylcarbazole was warmed with sodium hydroxide solution, chloroform 
was produced. The alkaline solution on addition of concentrated hydrochloric acid gave a 
gelatinous white precipitate, which crystallised from glacial acetic acid in colourless plates of 
carbazole-3-carboxylic acid, m. p. 270° after softening at 260° (Plant and Williams, Joc. cit., 
p. 1143, give 276—278°). It contained acetic acid of crystallisation (Found: C,H,O,, 21-8. 
Calc. for C,,H,O,N,C,H,O,: C,H,O,, 221%. Found for vacuum-dried material: C, 73-7; 
H, 4:3; N, 6-5. Calc.: C, 73-9; H, 4:3; N, 66%). Usually, however, in preparing carbazole- 
3-carboxylic acid, 3-trichloroacetylcarbazole was not recrystallised but added directly to the 
sodium hydroxide solution. A small amount of brown insoluble matter was removed, and the 
filtrate worked up as above (4-6 g.; yield, 92%). The ethyl ester, m. p. 165—167°, was 
prepared by boiling the acid with absolute alcohol (20 c.c.) and concentrated sulphuric acid 
(1 c.c.) for 6 hours (Found: C, 75-3; H, 5-5; N, 5-9. Calc.: C, 75-3; H, 5-4; N, 59%). 
Both the acid and the ethyl ester were prepared by Plant and Williams’ methods (loc. cit.) and 
found to be identical with the above. We are grateful to Dr. Plant for specimens. 

Attempts to convert ethyl carbazole-9-carboxylate (Oddo, Gazzetta, 1911, 41, I, 256) into 
the 3-carboxylate by means of aluminium chloride in nitrobenzene failed. 

Synthesis of 1 : 9-Phenylenecarbazole-3-carboxylic Acid.—A mixture of ethyl carbazole-3- 
carboxylate (5 g.), o-chloronitrobenzene (10 g.), potassium carbonate (5 g.), and copper bronze 
(0-2 g.) was heated at 200—210° for 5 hours, the excess of o-chloronitrobenzene removed in 
steam, the residue dissolved in acetic acid (charcoal), the solution poured into water, and the 
resulting solid crystallised from methyl alcohol; small yellow needles of ethyl 9-(2'-nitrophenyl)- 
carbazole-3-carboxylate (IX), m. p. 120—122°, were obtained (5 g.; yield, 60%) (Found: 
N, 7-9. C,,H,,0,N, requires N, 7-8%). 

The above nitro-compound (4 g.), stannous chloride (10 g.), and glacial acetic acid (40 c.c.) 
saturated with dry hydrogen chloride were boiled together for a few minutes until the colour 
of the solution was greenish-yellow. The amine was obtained as usual, and the dried, con- 
centrated benzene extract precipitated by the addition of ligroin. Ethyl 9-(2’-aminophenyl)- 
carbazole-3-carboxylate separated from methyl alcohol in colourless prisms, m. p. 140—142° 
(2-4 g.; yield, 70%) (Found: N, 8-3. C,,H,,0,N, requires N, 8-5%). 

Diazotisation of the amine (1-5 g.) in the usual way (glacial acetic acid, 12 c.c.; concen- 
trated sulphuric acid, 2-7 c.c.; sodium nitrite, 0-3 g., in 12 c.c. of water) and subsequent heating 
gave a black tar, which solidified on cooling. A solution of it in dioxan was poured into water, 
the yellow precipitate boiled for } hour with alcoholic potassium hydroxide, the product poured 
into dilute hydrochloric acid, and the resulting solid dried and sublimed at 300°/15 mm. The 
white sublimate separated from acetic anhydride—nitrobenzene in micro-crystals of 1 : 9-phenyl- 
enecarbazole-3-carboxylic acid, m. p. 305° after softening at 240° (Found: C, 80-0; H, 3-9; 
N, 5:1. CygH,,O,N requires C, 80-0; H, 3-9; N, 49%). Decarboxylation in boiling quinoline 
containing copper bronze for ? hour gave 1 : 9-phenylenecarbazole. 

The same acid was also prepared as follows: Dry hydrogen chloride was passed into a 
solution of 1 : 9-phenylenecarbazole (2 g.), trichloroacetonitrile (1 c.c.), and aluminium chloride 
(4 g.) in chlorobenzene (5 c.c.), and the mixture kept for 3 weeks. On treatment with water 
the red mass became yellow. The insoluble matter was boiled for 1 minute with potassium 
hydroxide solution and then filtered off. The solid which separated from the filtrate (probably 
the potassium salt of the acid) was soluble in hot water, and on acidification a gelatinous 
precipitate was obtained. Filtration yielded a brown solid, which was purified as described 
above, and shown by m. p. and mixed m. p. to be 1 : 9-phenylenecarbazole-3-carboxylic acid. 

Carbazole-3 : 6-dicarboxylic Acid.—A mixture of carbazole (4:2 g.; 1 mol.), chlorobenzene 
(40 c.c.), trichloroacetonitrile (6 c.c.; 2-4 mols.), and anhydrous aluminium chloride (8 g.; 
2-4 mols.) was heated during 1 hour from 40° to 100° and maintained at 100° for 1 hour, the 
whole being frequently shaken. The black product was boiled with concentrated hydrochloric 
acid, and the chlorobenzene removed in a vacuum. The residual pale green solid, on being 
warmed with potassium hydroxide solution, turned brown. The insoluble residue (trace) was 
separated, and the filtrate acidified. The green gelatinous precipitate when dried became 
almost colourless (yield, > 70%). Extraction with glacial acetic acid failed to remove any 
carbazole-3-carboxylic acid. Crystallisation of carbazole-3 : 6-dicarboxylic acid presented unusual 
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difficulty, since it was practically insoluble in neutral solvents. It dissolved in much glycol 
monomethyl ether but did not separate on cooling; the solution was therefore concentrated to 
half bulk and boiling water (2 vols.) added. The pale brown needles which separated were 
unmelted at 360° (2-7 g.; yield, 44%). The acid was obtained in pale green needles by boiling 
a solution in pyridine with 10—20 vols. of glacial acetic acid and adding sufficient water to produce 
a turbidity (Found : C, 65-9; H, 3-4; N, 5-6. C,,H,O,N requires C, 65-9; H, 3-5; N, 55%). 

The ethyl ester was prepared by boiling the acid with absolute alcohol containing concen- 
trated sulphuric acid (1 c.c. of concentrated acid to 20 c.c. of alcohol) for 6 hours. The product 
was poured into water, unchanged acid washed out with aqueous ammonia, and the residual 
solid crystallised from acetic acid or alcohol; it formed pale yellow prisms, m. p. 206—207° 
(corr.) (Found: C, 69-6; H, 5-45; N, 45. Calc.: C, 69-45; H, 5-5; N, 45%) (Mitchell and 
Plant, loc. cit.). 

Synthesis of 1: 9-Phenylenecarbazole-3 : 6-dicarboxylic Acid (IV).—Treatment of a mixture 
of ethyl carbazole-3 : 6-dicarboxylate (5 g.), o-chloronitrobenzene (9 g.), anhydrous potassium 
carbonate (5 g.), and a trace of copper bronze (5 hours at 180°) in the usual way and removal of 
the excess of o-chloronitrobenzene left a residue, which crystallised from glacial acetic acid 
(charcoal) in clusters of pale yellow prisms of ethyl 9-(2'-nitrophenyl)carbazole-3 : 6-dicarboxylate, 
m. p. 202—203° (4-5 g.; yield, 70%) (Found: C, 66-9; H, 4-8; N, 6-5. C,H O,N, requires 
C, 66-7; H, 4-6; N, 6-5%). Reduction by the usual process (nitro-compound, 6 g.; stannous 
chloride, 24 g.; glacial acetic acid, 100 c.c., saturated with dry hydrogen chloride) gave ethyl 
9-(2’-aminophenyl)carbazole-3 : 6-dicarboxylate, which was crystallised from benzene and then 
from acetic acid; it formed colourless prisms, m. p. 175—177° (5 g.; yield, 80%) (Found: N, 
7-0. CH,,.0,N, requires N, 7-°0%). Diazotisation (ester, 4-5 g.; glacial acetic acid, 30 c.c.; 
concentrated sulphuric acid, 6-6 c.c.; sodium nitrite, 0-8 g., in 18 c.c. of water) and subsequent 
heating on a water-bath for 4 hour gave a yellow solid, which was washed with alcohol to 
remove the colour, and crystallised from glacial acetic acid and then from aqueous dioxan. 
Ethyl 1 : 9-phenylenecarbazole-3 : 6-dicarboxylaie had m. p. 185—187° (turbid melt up to 220°) 
(2 g.; yield, 46%) (Found: C, 74-65; H, 5-2. C,,H,,O,N requires C, 74:8; H, 49%). 
Hydrolysis of the ester with alcoholic potassium hydroxide solution gave the acid. This 
dissolved readily in cold pyridine, but, on warming, a white precipitate separated (pyridinium 
salt ?) which dissolved in boiling pyridine. Addition of boiling glacial acetic acid to this 
solution caused, on standing, a slow deposition of colourless micro-crystals of 1 : 9-phenylene- 
carbazole-3 : 6-dicarboxylic acid, m. p. > 360° (Found: C, 72-8; H, 3-5; N, 4:3. CH,,O,N 
requires C, 72-9; H, 3-3; N, 425%). 

Ethyl 9-Phenylcarbazole-3 : 6-dicarboxylate—Ethyl carbazole-3 : 6-dicarboxylate (1 g.), an- 
hydrous potassium carbonate (1 g.), iodobenzene (2 g.), and copper bronze (a trace) were heated 
together at 200° for 6 hours. The product, after being washed with water and dilute hydro- 
chloric acid, crystallised from methyl alcohol in long colourless needles, m. p. 139—141° 
(Found : C, 74:3; H, 5-4; N, 3-7. C,,H,,O,N requires C, 74-4; H, 5-4; N, 3:6%). 

3( ?)-Bromo-1 : 9-phenylenecarbazole.—A solution of 1: 9-phenylenecarbazole (4-5 g.) in 
chloroform (75 c.c.) at 0° was mechanically stirred while bromine (1 c.c.) in chloroform (30 c.c.) 
was added during 3 hours. The solid which separated was removed, and the filtrate evaporated 
to dryness. The residue contained some unchanged material, which was washed out with hot 
alcohol. The combined solids were repeatedly crystallised from amyl ether and from acetic 
acid, giving colourless needles, m. p. 205—210° (Found: Br, 25-4. C,,H,NBr requires Br, 
25-0%). 

3 : 6( ?)-Dibromo-1 : 9-phenylenecarbazole.—1 : 9-Phenylenecarbazole (1-5 g.) was dissolved 
in warm chloroform (10 c.c.), and bromine (0-66 c.c.) in chloroform (6 c.c.) added. A vigorous 
evolution of hydrogen bromide took place and a white solid separated. The mixture was 
boiled for a few minutes, then cooled in ice, and the separated solid was washed with hot 
alcohol and a little hot acetic acid to remove unchanged material and crystallised from glacial 
acetic acid and then from glycol monomethyl ether; the product had m. p. 202—209° (turbid 
melt clearing at 214°) (Found: Br, 41:2. C,,H,NBr, requires Br, 40-1%). Attempts to 
purify it by sublimation were unsuccessful. -The dibromo-compound was also prepared by 
boiling the monobromo-compound (0-5 g.) and bromine (0-25 c.c.) in chloroform (20 c.c.) for 
+ hour. 

Lodotrinitro-1 : 9-phenylenecarbazole.—1 : 9-Phenylenecarbazole (2 g.), iodine (1 g.), and 
glacial acetic acid (50 c.c.) were boiled together while concentrated nitric acid (6 c.c.) was 
added drop by drop. The violet colour changed to red and a solid separated. After being 
washed with sodium bisulphite solution, this was crystallised from ethyl benzoate. The product 
did not melt below 340° (Found : I, 24-8, 24-8. C,,H,O,N,I requires I, 25-3%). 
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9-Benzoylcarbazole.—Carbazole (5 g.), anhydrous potassium carbonate (5 g.), and benzoyl 
chloride (10 g.) were heated together at 140—160° for 1 hour. The greenish solid product was 
washed with water to remove potassium carbonate and the excess of benzoyl chloride. The 
residue was extracted with alcohol, and 9-benzoylcarbazole crystallised (5 g.; yield, 60%). 
Concentration of the alcoholic residues yielded carbazole. 
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400. Identification of the Halogen in Organic Halogen Compounds. 
By Davip W. WItson and Ceci L. WILson. 


A microchemical procedure is described for detecting chloride, bromide, and 
iodide, separately or in admixture. The procedure uses common reagents, and may 
be applied either to the solution obtained after the microfusion test for elements in 
organic compounds, or to ordinary inorganic mixtures. 













In a recent paper (Analyst, 1938, 63, 332) one of us (C. L. W.) described micro-tests for 
nitrogen, sulphur, and halogen in organic compounds. While studying methods for the 
final identification of the halogen, it was noted that silver chloride and bromide crystallised 
in different forms from concentrated ammonia, although it is often stated that the halides 
can neither be distinguished microscopically nor separated through their different 
solubilities in, say, ammonia (see, e.g., Chamot and Mason, ‘‘ Handbook of Chemical 
Microscopy,” 1931, II, 341; Groth, ‘‘ Chemische Kristallographie,” 1906, I, 200; Mellor, 
“Inorganic and Theoretical Chemistry,” 1923, III, 393, 419; Higson, Phot. J., 1920, 
143; Krohn, 7bid., 1918, 193). The characteristic forms of the halides have been noted 
by Béttger (Mikrochem., 1936, 47) and Kramer (‘‘ Mikroanalytische Nachweise anorganischer 
Ionen,” 1937, 2, 26), who, however, do not describe satisfactory methods for their 
separation in mixtures. 

Methods of separation which are effective on the macro-scale fail on the micro-scale, 
and vague descriptions (such as denoting the strength of ammonia solutions merely by 
“* weak ” or “ strong’) enhance the difficulty of their application in such cases. 

The method here described, in which precisely defined conditions are used, makes it 
possible to distinguish under the microscope between chloride, bromide, and iodide, and also 
to detect any one of them in the presence of fairly large quantities of either or both of the 
others. 

The method is based on the following experimental facts: (i) The crystal forms of 
silver chloride and bromide, when crystallised separately from concentrated ammonia, are 
entirely different, the predominant forms for the chloride being octahedra, cubes, and 
squares, and those for the bromide being triangular and hexagonal plates. This is in- 
variably the case under the experimental conditions described. (ii) Although these 
crystal forms do not always appear in the crystals obtained from a mixture of chloride and 
bromide, the two salts can be separated sufficiently to ensure that characteristic crystals of 
each will be formed. (iii) Silver iodide is easily separated from the other two silver halides, 
and gives a characteristic crystalline derivative when dissolved in pyridine. This is 
presumably a pyridinium salt, since it does not belong to the cubic system, and cannot be 
distinguished after the preparation has been dried. 





































EXPERIMENTAL. 


The following solutions are required : 2N-Nitric acid, n/50-silver nitrate, and 3 concentratidns 
of ammonia, viz., “ strong ’’ (d 0-88), ‘‘ medium ” (strong solution diluted with 5 vols. of water), 
and ‘‘ weak ” (dilution of strong by 100 vols. of water). 

Method.—On the micro-slide, place a small drop (approx. 0-02 ml.) of the test solution 
derived from the usual fusion, make it just acid with 2n-nitric acid, add a large drop (approx. 
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0-1 ml.) of n/50-silver nitrate solution, and evaporate the mixture just to dryness in order to 
prevent loss of silver chloride in subsequent filtration. Wash the residue twice by adding a drop of 
distilled water, warming, stirring, and removing the liquid with a hair-tip capillary (C. L. 
Wilson, “‘ An Introduction to Microchemical Methods,” 1938, 41). With small precipitates, 
loss may be avoided by sealing the tip of the capillary, centrifuging, and returning any solid 
_ to the bulk. Again evaporate the test drop just to dryness, cool it on a metal block, and extract 
it with a large drop of weak ammonia, stirring well. Filter the solution by a capillary, and 
blow out the clear liquid on to as small an area as possible on a slide, best by blowing out a tiny 
drop at a time and drying between the addition ofeach droplet. When the residue is quite dry 
and cool, dissolve it in the minimum volume of strong ammonia, cover the solution with a cup, 
and set it aside (Drop A). 

Wash the residue from the test drop twice with a large drop of medium ammonia, stirring 
well and filtering off the wash liquid each time. Extract the residue with strong ammonia, 
filter the extract, blow out the clear liquid on a slide, cover it, and set it aside (Drop B). Wash 
the residue thoroughly twice with strong ammonia, and filter. Dissolve the residue in a drop of 
pyridine, stir well, and set the clear liquid aside (Drop C). 

Examine A, B and C after crystallisation has proceeded considerably (usually 2—5 mins.) 
- but do not let the drops become dry. A magnification of 200 is recommended. The appearances 
to be expected are described in tabular form. 


Halogen in Organic Halogen Compounds. 


Drop B. Drop C. 


Nil, or trace of dust 


Halide. Drop A. 


Cl Octahedra, squares and 
cubes (Note 1) 


Br Dust. May show triangles 
and hexagons (Note 2) 


I Nil 


Nil 
Many large triangles and Nil 
hexagons. Field clear 
Nil or dust Characteristic 
salt crystals 
Nil 


yridinium 

ote 3) 

Many triangles and hexa- 
gons. Field fairly clear 

Triangles and hexagons. 
Field clear, or dust 

Nil, or dust 


Cland Br Small squares, cubes, nod- 
ules (Note 4) 
Dust. May show triangles 


and hexagons 


Characteristic pyridinium 
salt crystals 


Characteristic pyridinium 


Br and I 


Cl and I 


Octahedra, squares, cubes 


Cl, Br, and Small squares, cubes, nod- 
I ules 


Many triangles and hexa- 
gons. Field fairly clear 


salt crystals 
Characteristic pyridinium 
salt crystals 


or dust 


Notes on Table.—1. The chloride crystals normally grow to large, highly refractive octahedra, 
cubes, or squares (depending on the concentration) which appear perfectly clear, but often exhibit 
one or more dead black faces under the microscope. 

2. Many of the hexagons and triangles are large, and although not necessarily regular, most 
of them are well formed, with sharply defined edges. Re-entrant angles can be seen occasionally. 
Colours vary. Sometimes preparations are obtained in which all the crystals are a strong blue- 
grey, but frequently preparations result in which the crystals show delicate pink, green, mauve, 
and yellow colours. 

3. These crystals are transparent oblong shapes with frequent deep V-shaped re-entrants 
at the ends. They often occur in pairs, crossed, or in clumps, piled on top of each other spirally 
round a vertical axis, giving a very characteristic appearance. Under the polarising microscope 
they show strong double refraction, with parallel extinction. 

4. Numerous transparent small squares, and crystals of square outline, which are invariably 
seen when the preparation has been treated as described above, are the characteristic proof of 
the presence of chloride. 


Discussion.—It will be gathered from the table and notes that there is no difficulty in 
distinguishing between chloride and bromide occurring alone in solution, and iodide in 
any circumstances. The most difficult part of the test is the identification of chloride and 
bromide occurring together. This requires considerable care, but practice with known 
solutions soon enables the technique to be acquired; failing this, the tests should be carried 
out in duplicate. 

At each stage in the test absence of further halogens will be indicated by complete 
dissolution of the residue. 

Since the test is perfectly simple when only one halide is known to be present, this is 
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easily the most satisfactory method for most organic compounds. The extension of the 


test to all three halides makes it of great value in inorganic analysis also. 
The sensitivities of the tests for chlorine, bromine, and iodine when occurring separately 


are really only limited by the solubilities of the silver salts. In fact, a positive test for 
chloride may be obtained when no precipitate can be observed on addition of silver nitrate. 
Consequently ly of the elements can be detected comparatively easily. In mixtures it is 
possible to recognise one part of chloride in the presence of 10 of bromide, one part of 
bromide in the presence of 30 of chloride, and one part of iodide in the presence of 50 of 


either of the other two. 
If a considerable amount of material is available, these limits can be extended further 


by concentrating fractions, which are then treated in the normal way. 


Tue Str DonaLp CuRRIE LABORATORIES, THE QUEEN’S UNIVERSITY OF BELFAST. 
THE Sir Joun Cass TECHNICAL INsTITUTE, Lonpon, E.C. 3. [ Received, October 24th, 1939.] 








401. The Optical Rotatory Powers of Some 4-Substituted 
Benzhydrylamines. 


By G. R. Ciemo, C. GARDNER, and R. RAPER. 


Attempts to resolve 4-methylbenzhydrylamine in order to compare its rotation 
with that of a-pentadeuterophenylbenzylamine recorded by Clemo and McQuillen 
(J., 1936, 808) have been unsuccessful. The resolution of 4-chloro-, 4-bromo-, and 
4-iodo-benzhydrylamines into their optically active components has been accomplished. 


GOLDSCHMIDT and STOCKER (Ber., 1891, 24, 2800) prepared 4-methylbenzhydrylamine (I, 
R = Me), but were unable to resolve it. Cohen, Marshall, and Woodman (J., 1915, 107, 


(.)  R-C,H,CHPh-NH, C,H,Me-CHPh-NH-CH,CO,H — iz) 


887) claimed to have resolved the base by recrystallisation of its bromocamphorsulphonate 
but do not record its rotation or that of its derivatives; they state, however, that the 
alcohol obtained by the action of nitrous acid on its hydrochloride had [a], = — 1-4° 
(a) = — 0-24°). We attempted to repeat this resolution with the object of measuring 
the specific rotation of the base to compare with that obtained for «-pentadeuteropheny]l- 
benzylamine by Clemo and McQuillen (J., 1936, 808) and have also prepared derivatives 
such as (I), where R = Cl, Br, and I, and (II) in order to discover whether any of such 
substituted products might have a reasonably high rotation and thus be applicable to 
the problem presented by «-pentadeuterophenylbenzylamine. We prepared (I, R = Me) 
by reducing 4-methylbenzophenoneoxime with sodium amalgam and found its hydro- 
chloride had m. p. 273°, ‘whereas Cohen, Marshall, and Woodman give the m. p. as 260°. 
The bromocamphorsulphonate has an appreciably higher melting point than that recorded 
by those authors. It did not exhibit the behaviour recorded by them and we are unable 
to effect any definite resolution of the salt, the specific rotation remaining unchanged at 
56° for five recrystallisations, and in five out of six experiments the base recovered from 
it was definitely inactive; in the sixth it was either inactive or had a levorotation so small 
as to be within the limits of experimental error. The hydrochloride also showed no 
measurable rotation. In further attempts to effect a resolution we condensed the base 
with ethyl bromoacetate, and subsequent hydrolysis gave (II), but this failed to give 
crystalline salts with the commoner alkaloids. We then attempted to prepare the amide 
of (II), which we hoped to reduce to N-4-methylbenzhydrylethylenediamine (III), which 


might have been resolvable by acids. 
CH-C,H,Me 
C,H,Me-CHPh-NH-CH,-CH,-NH, Ad 
~i*2 ~=(IV.) 
O j 


(II.) 
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On treating (II) with thionyl chloride and ammonia, however, ring closure apparently 
takes place with the formation of a substance which is probably the tetrahydroiso- 
quinolone (IV). 

We then prepared 4-chloro-, 4-bromo-, and 4-iodo-benzhydrylamines (I, R = Cl, Br, 
and I) and have resolved them with d- and /-tartaric acids. The active forms have specific 
rotations of the order of 10°. Although some bases of this type, therefore, have appre- 
ciable and easily measurable activities, the apparent failure to resolve (I, R = Me) 
indicates that caution must be exercised in drawing conclusions from the failure to 
resolve «-pentadeuterophenylbenzylamine (this vol., p. 1960). A further observation in 
this connection is that in the resolution of (I; R = Cl, Br, or I) the presence of a small 
amount of impurity in the d/-base has a marked effect on the success or otherwise of the 
resolution. 


EXPERIMENTAL. 


4-Methylbenzhydrylamine d-Bromocamphorsulphonate.—The hydrochloride of the base (9-1 g.) 
and ammonium d-bromocamphorsulphonate (13-1 g.) were mixed in 50% alcohol. An oil was 
precipitated which soon solidified and after repeated crystallisation from 50% alcohol the 
m. p.’s of successive crops were 212—-223°, 227°, 225°, 234°, 228°, 228° (Cohen, Marshall, and 
Woodman, loc. cit., give 168°, raised to 208° by ten crystallisations) and the [a]p = + 57-5°, 
55-5°, 55-1°, 55-6°, 56-0° (Found: C, 56-4; H, 6-05. Calc. for C,,H,,N,C,,H,,0,BrS: C, 56-8; 
H, 60%). The base recovered, in one experiment out of six, gave a) = — 0-0125° in alcohol 
(c = 7-785, 1 = 1), [a]p = — 0-16°, mean deviation from mean = 0-007°. 

N-4-Methylbenzhydrylaminoacetic Acid.—4-Methylbenzhydrylamine (8 g.) and ethyl bromo- 
acetate (7 g.) were shaken with excess of anhydrous potassium carbonate in absolute alcohol 
(30 c.c.) for 6 hours. The solution was filtered, the alcohol removed, and the residue extracted 
with ether. On evaporation and distillation a pale yellow oil (5 g.), b. p. 185—195°/1 mm., 
was obtained. This was hydrolysed to the acid by heating 1 g. for 4 hour with alcoholic 
potassium hydroxide (20 c.c., 20%). The alcohol was removed, water (10 c.c.) added, and the 
solution just neutralised with dilute hydrochloric acid. The precipitate (0-8 g.), m. p. 185°, 
was unaltered by recrystallisation from alcohol-ether (Found: C, 75-4; H, 5-9; N, 5-5. 
C,,H,,0,N requires C, 75-3; H, 6-6; N, 5°5%). When this acid was treated with thionyl 
chloride for 10 minutes, the latter removed, and excess of ammonia added, a white solid 
separated, m. p. 207° after crystallisation from alcohol (Found: C, 80-6; H, 6:2. C,,H,,ON 
requires C, 81-1; H, 6-3%). 

Formo-4-bromobenzhydrylamide.—4-Bromobenzophenone (Cone and Long, J. Amer. Chem. 
Soc., 1906, 28, 521) (9 g.) was heated with formamide (36 c.c.) at 170—180° for 18 hours, and 
the product poured into water; after a few minutes the gum solidified. It was washed with 
water and recrystallised from dilute alcohol, forming white plates (8 g.), m. p. 127—128° 
(Found : C, 58-4; H, 4:3. C,,H,,ONBr requires C, 57-9; H, 41%). 

dl-4-Bromobenzhydrylamine.—The above formyl] derivative (12 g.) was heated with saturated 
alcoholic hydrogen chloride (30 c.c.) for 1 hour. The white precipitate was filtered off and 
washed (water), and a further quantity obtained by removal of the alcohol. The product 
(10 g.) in water was treated with excess of sodium hydroxide solution (40%), and the brown 
oil extracted with ether, dried, and distilled (6 g., b. p. 155—160°/1 mm.). The base was very 
unstable and rapidly absorbed carbon dioxide from the air, and was therefore analysed as its 
acetyl derivative. This was prepared by heating the base (0-1 g.) with acetic anhydride (1 c.c.) 
for 5 minutes. White needles (0-1 g.) separated and were recrystailised from dilute alcohol ; 
m. p. 153° (Found : C, 59-1; H, 4:3. C,,H,,ONBr requires C, 59-2; H, 4-6%). 

1-4-Bromobenzhydrylamine. The dl-base (5-5 g.) and d-tartaric acid (3-1 g.) were mixed in 
water (20 c.c.), and the salt (8 g.) recrystallised ten times from water; the specific rotation 
had then attained a constant value and the m. p. was 205° (Found: C, 49-6; H, 4:3. 
C,;H,,NBr,C,H,O, requires C, 49-5; H, 44%). ap = + 0-148° in alcohol (c = 0-9032, / = 2), 
{a]p = + 7-2°. The base recovered from the tartrate was a liquid, b. p. 155—160°/1 mm., 
ap = — 0-41° in alcohol (c = 2-902, ] = 2), [a]p = — 7°1°, [a] sag, = — 12-8, [a]assg = — 24°6°. 
The acetyl derivative, prepared as above, had m. p. 183° (Found: C, 59-1; H, 4-7%). 

d-4-Bromobenzhydrylamine. The united mother-liquors from the fractions of the above 
tartrate were concentrated to 20 c.c., and the base (1-03 g.) recovered and combined with 
l-tartaric acid (0-76 g.) in water (20 c.c.). The salt was recrystallised six times; m. p. 205°. 
&p» = — 0-13° in water (c = 1-024, 1 = 2), [a]p = — 68°. The free base had ap = + 0-275° 
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in alcohol (¢ = 1-347, 1 = 2), [a]p = + 10-2°. The acetyl derivative of the d-base had m. p. 
183° (Found: C, 59-3; H, 49%). 

Equal weights of the d- and the /-acetyl derivative were mixed in alcohol; the dl-derivative 
then crystallised, m. p. 153° alone or mixed with a specimen prepared from the dl-base. 

dl-4-Chlorobenzhydrylamine.—This was prepared from 4-chlorobenzophenone (Gomberg and 
Cone, Ber., 1906, 39, 3278) in the same way as the bromo-base. The formyl derivative had 
m. p. 124° (Found: C, 68-5; H, 5-1. C,,H,,ONCI requires C, 68-4; H, 4:9%). The unstable 
base had b. p. 146°/1 mm., and readily absorbed carbon dioxide from the air. The acetyl 
derivative formed needles from dilute alcohol, m. p. 130—131° (Found: C, 69-4; H, 5-7. 
C,,H,,ONCI requires C, 69-4; H, 5-4%). 

l-4-Chlorobenzhydrylamine was obtained by resolution with d-tartaric acid. The #arirate, 
after recrystallisation to constant rotation, had m. p. 199° (Found: C, 56-0; H, 5-05. 
C,3;H,3NC1,C,H,O, requires C, 55-5; H, 49%). ap = + 0-361° in water (c = 1-735, 1 = 2), 
[a]p = + 9-8°. The unstable /-base, b. p. 145—150°/1 mm., had ap = — 1-1° in alcohol 
(c = 5-054, 1 = 2), [a]p = — 10-9°. [a] 5299 = — 129°, [a] seg, = — 14°6°, [a]essg = — 25-2°. 
The acetyl derivative had m. p. 169° (Found : C, 69-7; H, 5-6%). 

d-4-Chlorobenzhydrylamine was isolated as above with /-tartaric acid. The éartrate had 
m. p. 199° (Found : C, 55-5; H, 53%), ap = — 0-407° in water (c = 2-065, 1 = 2), [a]p = —9-86°. 
The free base, b. p. 146°/1 mm., had ap = + 0-473° in alcohol (c = 2-184,/ = 2), [a]p = + 10-8°. 
The acetyl derivative had m. p. 169° (Found : C, 69-1; H, 5-1%). 

The dl-acetyl derivative prepared from the active forms had m. p. 130—131°, alone or 
mixed with that prepared from the di-base. 

dl-4-lodobenzhydrylamine.—This was prepared from 4-iodobenzophenone (Hoffmann, 
Annalen, 1891, 264, 167) by the action of formamide. The formyl derivative had m. p. 143° 
(Found: C, 49-5; H, 3-7. C,,H,,ONI requires C, 49-8; H, 3-6%), the base b. p. 173—176°/1 
mm., and the acetyl derivative m. p. 170° (Found: C, 50-9; H, 4-0. C,,;H,,ONI requires C, 
51-3; H, 3-9%). 

The resolution was carried out as before with d- and /-tartaric acids. The 1-base d-tartrate 
had m. p. 206°, ap = + 0-095° in water (c = 1-234, J = 2), [a]p = + 3-85° (Found: C, 44-5; 
H, 9-0. C,3;H,,NI,C,H,O, requires C, 44-4; H, 3-8%). The /-base had ap = — 0-30° in 


alcohol (c = 1-418, 7 = 2), [a]p — 10-6°, [a] 5799 = — 12-2°, [a] 546, = — 13-7°, [a]assg = — 23°9°. 
The acetyl derivative had m. p. 195—196° (Found: C, 51-4; H, 3-7%). The d-base 1-tavirate 
had m. p. 205°, ap = — 0-08° in water (c = 1-044, / = 2), [a]p = — 3-8° (Found: C, 44-2; 
H, 3-7%). The free base had ap = +- 0-254° in alcohol (c = 1-192, / = 2), [a]p = + 10-6°. 
The acetyl derivative had m. p. 195° (Found: C, 51-0; H, 40%). The dl-acetyl derivative 
from the active forms had m. p. 170° alone or mixed with that from the dl-base. 


One of us (C. G.) thanks the Council of King’s College for a Post Graduate Studentship. 


UNIVERSITY OF DuRHAM, KING’s COLLEGE, 


NEWCASTLE-UPON-TYNE. [Received, November 7th, 1939.]} 
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Molecular Dissymmeiry due to symmetrically placed Hydrogen and Deuterium. The a-Penta- 
deuterophenylbenzylamine Problem. By G. R. CLemo and G. A. Swan. 


Tue reported resolution of «a-pentadeuterophenylbenzylamine (Clemo and McQuillen, J., 1936, 
808) has been criticised on the ground that the hexadeuterobenzene used for the preparation 
of the base was impure (m. p. — 1°); and Adams and Tarbell (J. Amer. Chem. Soc., 1938, 
60, 1260) state that they failed to resolve the base. As practically pure hexadeuterobenzene 
is now readily available here (Clemo and Robson, this vol., p. 429), we have examined the 
question afresh; but have failed this time to resolve the amine. The hydrogen d-tartrate 
had specific rotation [a]}* + 12-4°, which remained virtually constant on repeated crystallis- 
ation of the salt from alcohol-light petroleum. After ten recrystallisations of the tartrate, 
the base was recovered, and found to be optically inactive. From this base, the oxalate was 
prepared; and this also was inactive. In this connection, however, attention should be drawn 
to the failure to resolve the comparable. case of 4-methylbenzhydrylamine (this vol., p. 1958), 
and the problem at issue cannot therefore be considered to be settled. 





[1939] Notes. 1961 


The experimental conditions were the same as those used previously (J., 1936, 808) except 
where otherwise stated below. 

Pentadeuterobenzophenone.—The hexadeuterobenzene used had m. p. 5-5°. On recrystallis- 
ation from light petroleum the pentadeuterobenzophenone had m. p. 47° (Found: C, 83-1; 
water, 58-7. Calc. forC,,H;D,O : C, 83-4; water, 50-8%). The oxime had m. p. 142° (Found : 
C, 77-6; water 49-2. Calc. for C,;H,D;ON : C, 77-2; water, 51-4%). «-Pentadeuterophenyl- 
benzylamine was distilled; b. p. 135—140°/1 mm. 

a-Pentadeuterophenylbenzylamine Hydrogen d-Tartrvate-—When rapidly heated, this melted 
at 179—180° (Found: C, 60-1; water, 56-9. Calc. for C,;H,D;N,C,H,O,: C, 60-3; water, 
§2-1%. Calc. for C,,H,,;N,C,H,O,: C, 61-3; water, 51-4%). 2G. of this salt were crystallised 
ten times from alcohol-light petroleum, about 90% being recovered in each crystallisation. 
The m. p. remained constant; and the specific rotation only varied within the limits of ex- 
perimental error, its average value being [a]}® + 12-4° (« = + 0-278°, 1 = 2, c = 1-120 in 
ethanol). 

Recovery of «-Pentadeuterophenylbenzylamine.—After the hydrogen d-tartrate had been 
repeatedly crystallised, the base was recovered; it gave [«]i® = 0-00°+.0-02° (1 = 0-5, c = 9-36 
in ethanol). «-Pentadeuterophenylbenzylamine oxalate had m. p. 204—205°; and gave 
[a}i = 0-00°+0-01° (1 = 2, c = 0-349 in ethanol). 


We thank Imperial Chemical Industries, Ltd., for a grant towards the purchase of ‘‘ heavy ” 
water; and one of us (G. A. S.) thanks the Department of Scientific and Industrial Research 
for a maintenance grant.—UNIVERSITY OF DURHAM, KING’s COLLEGE, NEWCASTLE-UPON-TYNE. 
[Received, November 7th, 1939.] 





The Addition of Magnesium Iodide to Camphor and Terpene Derivatives. 
By Sypnry T. BowpEn and Tuomas F. WaArTKINs. 


THE observation that an ethereal solution of anhydrous magnesium iodide on treatment with 
camphor deposits a beautifully crystalline addition compound induced us to examine the 
behaviour of the halide with other terpene derivatives containing a carbonyl group. 

Addition Compound with Camphor.—A mixture of dry ether (40 c.c.), magnesium powder 
(0-6 g.), and dry iodine (2-5 g.) was boiled under reflux (caicium chloride guard-tube) until the 
solution was almost colourless; it was then filtered with adequate protection against the 
intrusion of moisture. On addition of a solution of camphor (3 g.) in a few c.c. of ether, the 
addition compound was deposited in well-formed crystals (becoming light brown on standing), 
which were separated by filtration in a stream of dry air [Found: Mgl, (by gravimetric estim- 
ation of the halogen), 37-1; (C,H;),0O (by loss in weight at 56°/20 mm. in a slow stream of 
nitrogen), 11:3. 5C,)9H,,0,2MglI,,(C,H;),0 requires MgI,, 37-1; (C,H;),0, 10:1%. The result 
for ether is appreciably high owing to partial sublimation of camphor under the conditions]. 
When the substance was slowly heated, it melted at 108°, then congealed to a mass which be- 
came deeply coloured as the temperature was raised, and finally melted at 176°. 

Similar experiments with 3-bromocamphor showed that no reaction occurs on boiling the 
ethereal solution with magnesium iodide for 8 hours. - 

Addition Compound with Carvone.—The addition compound of carvone and magnesium 
iodide was precipitated as a brownish-red oil when ethereal solutions of the components were 
mixed at the ordinary temperature. The oil was washed with ether; it solidified after being 
kept for 24 hours in a desiccator containing activated silica gel. It melted at 85°, then con- 
gealed, and finally melted at 125°; at 200° decomposition occurred with visible evolution of 
iodine vapour [Found: Mgl,, 44:1; (C,H;),0, 7-9.. 2C,9H,,0,MglI,,(C,H;),0 requires Mgl,, 
44-6; (C,H;),0, 7-2]. 

Fenchone and magnesium iodide yielded a similar oily addition compound, which would 
not crystallise. 

Addition Compound with Santonin.—Treatment of an ethereal solution of magnesium iodide 
with santonin led to separation of yellow crystals of the addition compound; it began to 
decompose before melting at 175°. The compound was analysed after removal of the solvent 
at 56° in a slow stream of nitrogen [Found: Mgl,, 35-9. 2C,;H,,0;,MgI, requires Mgl,, 
36-1%).—TatEM LABORATORIES, UNIVERSITY COLLEGE, CARDIFF. ([Received, October 25th, 
1939.]} 
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A Useful Micro-immersion Filter. By Curistina C. MILLER. 


To make the micro-immersion filter illustrated in (c), two pieces of Jena Gerate or Pyrex glass 
were required, namely, a 12 mm. length of capillary tubing of 3-5 mm. external diameter and 
1 mm. bore, cut off square, and a 150 mm. length of tubing of 1 mm. wall, into which the capillary 
fitted closely. The longer piece of tubing was drawn out at one end to form a capillary of 2-5 
mm. external diameter and 70 mm. length, and the thick capillary tube was pushed in at the 
other end as far as it would go (a). The pair of tubes was then steadily rotated and heated 
at X in a small and not too hot blowpipe flame, so as to fuse together the two pieces of glass 
with the minimum of deformation. The heating was gradually extended towards Y until the 
whole of the capillary tube was sealed in without deforming the flat end at Y. Thereafter 
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the size of the flame was increased a little, the capillary heated more strongly towards X, and 
the tube, after slight blowing, drawn out to give the appearance shown in (b); the whole was 
annealed. Finally, the tube was cut sharply at Z, and the piece of wider tubing removed, 
leaving not more than 2 mm. projecting from the capillary. If the break was irregular, the 
tube was carefully ground flat on fine carborundum and fire-polished, without, however, causing 
the glass to collapse. The final form was that shown in (c). 

For filtrations the filter was provided with a disc, 3-5 mm. in diameter and 1-5 mm. thick, 
cut with a clean, sharp cork-borer from a Whatman ashless filtration accelerator. The disc 
was pressed gently into position with a flat-ended glass rod, moistened with water, and attached 
to a suction apparatus. It was unnecessary to suck in filter paper fibre suspended in water, 
as there were no crevices. 

For the determination of silica and the ‘‘ mixed oxides ’’ in 10 mg. portions of insoluble 
silicates, I prefer this filter to the immersion filters fitted with rolls of filter paper, as used 
by Schwarz v. Bergkampf (Mikvochem., Emich Festschrift, 1930, 268) and Thurnwald and 
Benedetti-Pichler (Mikrochem., 1932, 11, 200), and also to that devised by King (Axalyst, 
1933, 58, 325). The filters with rolls of paper have-a small filtering surface; the washing of 
King’s filter is apt to be troublesome if the outer glass tube does not fit closely round the capil- 
lary tube. The filter described has the relatively large filtering surface of King’s filter, the 
filter disc is readily removed by easing it out with a thin platinum wire, and, finally, only a 
small amount of liquid is required for washing it. 


I am indebted to the Carnegie Trustees for a Teaching Fellowship.—UNIVERSITY OF 
EDINBURGH. [Received, November 4th, 1939.] 
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2:5-Bismethylamino-3-methoxy-1:4-benzoquinone, 
1450. 


3:6-Bismethylamino-4-methoxy-2:5-toluquinone, 1452. 
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6-Butyryl-4-methylcoumarin, 5-hydroxy-, and _ its 
derivatives, 1252. 

n-Butyl bromide, exchange reaction of, with bromine, 
1279. 

tsoButyl bromide, exchange reaction of, with bromine, 
1836. 

5-n-Butylamino-7-ethoxyacridine, 
derivative, and 3-nitro-, 478. 

N-tert.-Butyldiazoaminobenzene, 4’-nitro-, 1385. 

tsoButylenediaminodichloropalladium, 1757. 

tsoButylenediaminostilbenediaminopalladous 
1757. 

tert.-Butylglyoxal, and its hydrazone, and its nickel 
complex, 261. 


3-amino-, acetyl 


salts, 


C. 


Cadmium chloride, equilibrium of, with cobalt and 
nickel chlorides and water, 646. 
with cobalt, nickel, and sodium chlorides and 
water, 653. ‘ 

Calcium carbonate, adhesion of, to quartz in deter- 
gents, 573. 

Calycanine, 514. 

Calycanthine, and its derivatives, 510. 

Camphene hydrochloride, exchange of deuterium and 
of radioactive chlorine between hydrogen chloride 
and, 1188. 

Camphor, addition of magnesium iodide to, 1961. 

Carbazole-3:6-dicarboxylic acid, 1954. 

2-5-Carbethoxybutylcycloheptanone, and 
ative, 186. 

3-Carbethoxy-8-ethylcoumarin-6-carboxylic acid, 5- 
hydroxy-, methyl ester, 301. 

B-Carbethoxylevalic acid, ethyl ester, thiophen deriv- 
atives from, 1116. 

aig and -$-methylglucosaminides, 

5. 


its deriv- 
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N-Carbobenzyloxytetra-acetyl glucosamine, 125. 

Carbon rings, fused, 842, 850. 

Carbon oxides, heats of adsorption of, on manganese 

oxide, 859. 
Carbonates, thermal stability of, 310. 

Carbon-carbon linkings, force constant, internuclear 
distance, and dissociation energy for, 884. 

Carbonyl compounds, reactions of, with aliphatic 
diazo-compounds, 181. 

Carborundum, adhesion of, to quartz in detergents, 
573. 

Carbostyril, derivatives, compounds of, with poly- 
nitro-compounds, 1858. 

3-(2’-Carboxyanilino)phthalanil, 6-chloro-, 138. 

o-Carboxybenzeneazo-f-naphthol, chromic, nickel, and 
zine compounds, 834. 

p-Carboxybenzeneazo-f-naphthol, copper, 
and ferric salts, 834. 

5-Carboxy-3-methoxy-2-ethoxydiphenyl ether, 1166. 

1-Carboxymethylcyclohexane-l-succinic acids, and 
their derivatives, 84. 

Carcinogenics, growth-inhibitory a of, 802. 

1-4°-Carene 5:6-epoxide, and its derivatives, 1496. 

Carvone, addition of magnesium iodide to, 1961. 

Caryophyllene, additive compound of, with maleic 

anhydride, 1853. 
constitution of, 537. 

Caryophyllene oxide, 539. 

Catalysis, 1203. 
acid, in non-aqueous solvents, 1096, 1774. 
relative effect of inhibitants on, 1750. 

Cellulose, carbonisation of, 67. 
methylated, methyl glucose derivatives from, 249. 
methylation of, in air and nitrogen, 1885. 

in inert atmospheres, 1899. 

4-Cetylaminoazobenzene-4’-arsonic acid, 3. 

Cetylaniline, and its hydrochloride, and N-nitroso-, 4. 

N-Cetyldiazoaminobenzene, 4-nitro-, 1386. 

trans-p-Cetyloxycinnamic acid, polymorphism of, 
425. 

Chalkones, 91, 94, 96, 1004. 

Chemiluminescent compounds, organic, 836. 

Chemotherapeuticals, lipophilic, synthesis of, 1. 

Cherry gum, constitution of, 558. 

Chitosamine, configuration of, 271. 

Chlorine, addition of, to olefinic compounds, 1509. 
energy of oxygen bond to, 1332. 
isotopes, inactive, investigation of cis-trans- 

interconversion with, 1490. 
radioactive, exchange of, 1188. 

Chlorine trioxide, heat of decomposition of, 1332. 

Chlorosulphinic acid, esters, 99. 

Chlorosulphonic acid, esters, 99. 

Cholanic acid, 3-hydroxy-, acetyl derivative, methyl 
ester, 541. 

Cholestane, 5-chloro-3:6-dihydroxy-, 6-chloro-3:5-di- 
hydroxy-, and 3:5:6-trihydroxy-, benzoyl deriv- 
atives, 1359. 

as gt ‘5-diol, 6-hydroxy-, 

Cholestane-3:6-dione, 1082. 

Cholestane-3:6-dione 2:5-oxide, and its bisdinitro- 
phenylhydrazone, 1082. 

Cholestane-3:5:6-triols, stereochemistry of, 1078. 

Cholestan-5-ol-3-one, 2-mono- and 2:2-di-6-hydroxy-, 
and 6-hydroxy-, acetyl derivatives, 1081. 

Ch -6-one, 3-hydroxy-, acetyl derivative, 
1083. 


Cholestan-6-ol-3-one 2:5-oxide, 1082. 

Cholestan-3-one 2:5-oxide, 6-hydroxy-, acetyl deriv- 
ative, 1082. 

4*-Cholestene, 3:6-dihydroxy-, 3-benzoyl derivative, 
1359. 

4*-Cholesten-6-ol-3-one, 1081. 


chromic, 


acetyl derivative, 
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Morten ame, 6-hydroxy-, 
Cholestery! chloride, thermolysis of, 1019. 
a- and £-Cholesteryl benzoate oxides, reactions of, 
1356. 
N-Cholesterylaniline, V-nitroso-, 4. 
Cholesterylquinine, and its hydrochloride, 2. 
Chromium sesquioxide, heat of adsorption of gases on, 
893. 
trioxide (chromic anhydride), decomposition of, 56. 
oxides, 55. 
magnetic susceptibilities of, 1433. 
Chromium ions, complex, racemising properties of, 
1937. 
Chromones of naphthalene series, 1679, 1681. 
Chrysin, synthesis of, 91. 
Cichoriin, 1266. 
Cinchona alkaloids, modified, 240, 1294. 
— . moyl-2:2-dimethylchroman, 5:7-dihydroxy-, 
59. 


a-Cinnamylidenediethyl ketone, and its 2:4-dinitro- 
phenylhydrazone, 1563. 

Citronellylideneacetic acid, 1544. 

Citrus araban, 1865. 

B-cycloCitrylideneacetaldehyde semicarbazone, 1556. 

cycloCitrylidenecrotonaldehyde, and its derivatives, 
1559. 


acetyl derivative, 


Coal, bituminous, carbonisation of, 67. 
Cobalt chloride, equilibrium of, with cadmium and 
copper chlorides and water, 646. 
with cadmium and sodium chlorides and water, 


653. 
Cobalt ions, complex, racemising properties of, 1937. 
Coke, from bituminous coal and from cellulose, 
analyses and crystallography of, 71. 
— co-ordination, cis-trans-interconversion 
of, 1490. 
optically active, racemisation of, 1937. 
Constitution and physical properties, 1862. 
Co-ordination compounds. See under Compounds. 
Copper :— 
Cupric chloride, equilibrium of, with cobalt chloride 
and water, 646. 
Cornus florida, betulic acid from, 1267. 
Coumarone-5-carboxylic acid, 4-hydroxy-, and its 
methyl ester, 1427. 
Cracking, mechanism of, 375. 
o-Cresol, condensation of, with acetone, 1421. 
m- and p-Cresols, condensation of, with acetone, 195. 
Croton tiglium, nucleoside from seeds of, 1784. 
Crotonoside, 1784. 
Croweacic acid, structure and synthesis of, 442. 
Croweacin, structure and synthesis of, 439. 
Croweacin, dibromo-, dibromide, 442. 
ssoCroweacin, 441. 
d-Cryptol p-nitrobenzoate, 265. 
trans-d-Cryptol, reactions of, 264. 
cis- and trans-Cryptols, and their derivatives, 1531. 
d-Cryptol-a-naphthylurethane, 266. 
ne, reactions of, 264. 
semicarbazone, 266. 
dl-Cryptone, and its derivatives, 1531. 
Crystallisation, low-temperature, 972. 
Cumene, 3-bromo-, and 3-bromo-4-amino-, 
_ acetyl derivative, 1302. 
Curare alkaloids, 1157. 
l-a- and -8-Curcumenes, and their derivatives, 1504. 
oe cteeoreraer and its derivatives, 1509. 
l-£-Curcumenol, and its derivatives, 1509. 
B-Curcumenylic acid, and its derivatives, 1509. 
yen preparation of, 143. 
4’-Cyanines, preparation ‘of, 1008. 
en :— 
Hydrocyanic acid, tetrapolymer, constitution of, 492. 


60 


and its 
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Cyclic compounds, anionotropy and prototropy in, 
567. 


Dahlia variabilis, yellow colouring matter of, 1017. 
Damson gum, constitution of, 1482. 
Decadeuterofluorene, and its picrate, 430. 
Decadeuteropyrene, and its picrate, 430. 
Decanebis-(V N’-diphenylcarbonamidine), 1256. 
Decanebis-(N-cyclohexylcarbonamidine), and its di- 
hydrochloride, 1256. 
Decane-1-carbonitrile-10-carbonamide, 1256. 
Decane-1:4-dicarbonamidine dihydrochloride, 1256. 
a ne and its derivatives, 
55. 
Decarboxylation, mechanism of, 809. 
a-Decodimyristin, 1520. 
B-Decodimyristin, 1142. 
2-Decylaminopyridine, 1856. 
p-n-Decyloxybenzoic acid, polymorphisra of, 424. 
— acid, polymorphism of, 
1-Decyl-2-pyridoneimine sulphate, 1856. 
Dehydro-8-amyrenyl acetate, 1047. 
Dehydroelliptone, 1103. 
Dehydrogenation, palladous chloride as agent for, 872. 
Dehydromethyl-linalool, 438. 
Dehydrotetrahydrosumatrol, synthesis of, 1601. 
Deoxy-f-naphthoin, 200. 
Derris elliptica, l-elliptone from, 1099. 
Derris malaccensis, l-a-toxicarol from, 812. 
Detergence, adhesion in, 573. 
Deuterium atoms, optical activity due to hydrogen 
atoms and, 431. 
exchange of, 1188: 
symmetrically youn oo with hydrogen, molecular 
dissymmetry due to, 1 
Deuterium ahlocide, Ae ‘for, 1194. 
oxide, exchange reaction of, with cis- and trans- 
glutaconic acids, 1673. 
Dextran, from Betabacterium vermiformé, 585. 
from Leuconostoc dextranicum, 581. 
3:6-Diacetylcoumarin, 5-hydroxy-, 134. 
3:8-Diacetylcoumarin, 7-hydroxy-, 951. 
5:5’-Diacetyl-3:3’-dimethyldiphenylmethane, 
2:4:6:2’:4’:6’-hexahydroxy-, 1585. 
3:6-Diacetyl-8-ethylcoumarin, 5-hydroxy-, 950. 
6:6’-Diacetyl-2:2:2’:2’-tetramethyl-8:8’-dichromanyl- 
methane, 5:7:5’:7’-tetrahydroxy-, 1593. 
8:8’-Diacetyl-2:2:2’:2’-tetramethyl-6:6’-dichromanyl- 
methane, 5:7:5’:7’-tetrahydroxy-, 1586. 
m-Dialkylaminobenzaldehydes, pre a of, 1092. 
= laminobenzaldehyde, its derivatives, 
een mpounds, detection in, of m-orientation, 


4-Diisoamylaminoazobenzene, 4’-nitro-, 1384. 

4-Ditsoamylaminoazobenzene-4’-sulphonic acid, and 
its potassium salt, 1384. 

ws preparation of, and its picrate, 


Ditsoamylaniline, p-amino-, hydrochloride and benzoyl 
derivative of, 1384. 


Dianilinoph 
3: :6-Di~p-anisidino-N~p-anisylphthalimide, 138. 
Diarylamines, colour reaction for, 1808. 
1:3-Diazalines, cyclic, 1057. 
Diazo-compounds, aliphatic, 
carbonyl derivatives, 181. 
aromatic, decomposition of, 864, 1792, 1796, 1805, 
Diazocyanides, 1796. 


reactions of, with 
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Diazonium chlorides, reactions of, with esters and 
nitriles, 1792. 

«-Diazo-o-phenylacetophenone, 1840. 

10:10’-Di-(1:2-benzanthranyl)methane, 804. 

1:2:3:4-Dibenz-9-anthrone, 493. 

1:2:5:10-Dibenz-9-anthrone, 269. 

3:4:8:9-Dibenzo-5:10-diazapyrene, synthesis of, 1114. 

2:3-Dibenzoyl 4:6-benzylidene 8-methylgalactose, 1249. 

2:3-Dibenzoyl f-methylgalactoside, 1249. 

m-Dibenzylaminobenzaldehyde, and its derivatives, 
1094. 

Dibenzyl-4:4’-dicarbonamidoxime, and its dihydro- 
chloride, 1256. 

2:6-Dibenzyloxyacetophenone, 1924. 

Dibenzylsulphidodiethylbromogold, 766. 

Dibenzylsulphidodimethyliodogold, 766. 

Dibenzyltoluidines, complex compounds of, with 
polynitro-compounds, 1861. 

4-Diisobutylaminoazobenzene, 4’-nitro-, 1385. 

4’-Ditsobutylaminoazob 4-sulphonic acid, and 
its potassium salt, 1385. 

Ditsobutylaniline picrate, 1386. 

Ditsobutylaniline, p-amino-, hydrochloride and benz- 
oyl derivative of, and p-nitroso-, and its hydro- 
chloride, 1385. 

3:6-Di-(2’-carboxyanilino)phthalanil, 138. 

4-Dicetylaminoazobenzene, 4’-nitro-, 1385. 

Dideuteracetylene, polymerisation of, 429. 

aB-Di-(3:4-dimethoxybenzyl)butyrolactones, and their 
dibromo- and dinitro-derivatives, 155. 

aB-Di-(3:4-dimethoxybenzyl)succinic acids, and their 
salts and derivatives, 154. 

3:4-Di-(3’:4’-dimethoxybenzy])tetrahydrofuran, 1056. 

ad-Di-(3:4-dimethoxyphenyl)-fy-di( hydroxymethyi)- 
butane, and a-hydroxy-, 1056. 

Di-(5-ethoxy-3-carboxy-2-methyl-4-thienyl)-4’-hydr- 
oxy-3’-methoxyphenylmethane, 1117. 

Di-(5-ethoxy-3-carboxy-2-methyl-4-thienyl)phenyl- 
methane, 1117. 

2:2’-Diethoxydiphenyl ether, 1165. 

Diethyl ether. See Ethyl ether. 

m-Diethylaminobenzaldehyde, and its derivatives, 
1093 


4-p-Diethylaminoethylamino-6-acetamidoquinaldine 
hydrochloride, 566. 
5-8-Diethylaminoethylamino-7-methoxyacridine,  3- 
amino-, 478. 
4-8-Diethylaminoethylaminoquinaldine, 6-nitro-, 566. 
2:2’-Diethyl-3:4-benzoxathiacyanine iodide. See (2- 
Ethy1-3:4-benz-1-benzoxazole)(2-ethy]-1-benz- 
thiazole)methincyanine iodide. 
2:2’-Diethyl-5:6-benzoxathiacyanine iodide. See (2- 
Ethy1-5:6-benz-1-benzoxazole)(2-ethyl-1-benz- 
thiazole)methincyanine iodide. 
2:2’-Diethyl-5:6-benzthiacyanine iodide. See (2- 
Ethyl-1-benzthiazole)(2-ethyl-5:6-benz-1-benz- 
thiazole)methincyanine iodide. 
1:1’-Diethyl-2:4’-cyanine iodide, 1012. 
2:1’-Diethyl-5:6:5' :6’-dibenzoxa-2’-cyanine iodide. 
See (1-Ethyl-5:6-benz-2-quinoline)(2-ethyl-5:6-benz- 
1-benzoxazole)methincyanine iodide. 
— ether)tetraethyldibromogold, £f’-diamino-, 


NN-Diethylethylenediaminodiethylgold bromide, 767. 
NN-Diethylenediaminotetraethyldibromodigold, 767. 
Diethylnitrosoamine, photolysis of, 12. 
2:1’-Diethyloxa-4’-cyanine iodide. See (1-Ethyl-4- 
quinoline)(2-ethy]benzoxazole)methincyanine iod- 


ide. 
See (2-Ethyl- 





2:2’-Diethylselenathiacyanine iodide. 
1-benzthiazole)(2-ethyl-1-benzselenazole)methin- 
cyanine iodide. 

2:1'-Diethylthia-4’-cyanine iodide, 1012. 

Diguanidonaphthalene dinitrates, 255, 256. 
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1:1’-Diguanyl-4:4’-dipiperidy] dihydrochloride, 256. ~ 

cis-8:4-Dicyclohexylcyclopentanol, 1413. 

y-9-(9:10-Dihydro)anthranylbutyric acid, 268. 

B-9-(9:10-Dihydro)anthroylpropionic acid, 268. 

Dihydroartabotrine methine, 996. 

Dihydrobassic acid, and its methyl ester, and its 
acetony! derivative, 1127. 

Dihydrobetulic acid, and its derivatives, 1271. 

Dihydrocaryophyllene a- and f-oxides, 539. 

Dihydrocaryophyllene aldehyde, and its semicarb- 
azone, 539. 

cis- and trans-Dihydrocryptols, and their derivatives, 
519. 

l-Dihydro-a-curcumenylamine, and its acetyl deriv- 
ative, 1506. 

Dihydrodunnione, a derivative, 1526. 

se Napmnamneees (ane ydroxy-, constitution of, 

7 


Dihydroniquidine, and its salts and derivatives, and 
nitroso-, 245. 
epi-C,-Dihydroniquidine, and its salts, 245. 
Dihydro-a-picrotoxinic acid, 1265. 
Dihydroquillaic acid, and its derivatives, 1134. 
Dihydroquinidine, oxidation of, 1298. 
Dihydroquinidine, bromo- and iodo-derivatives, and 
their derivatives, 242. 
Dihydro-epi-C,-quinidine, iodo-, 246. 
11:12-Diketocholanic acid, derivatives of, 540. 
Diketodihydronucidine perchlorate, 608. 
4:7-Diketo-7-p-methoxyphenylheptoic acid, and its 
methyl ester, 1745. 
5n-Diketo-n-(6-methyl-2-naphthyl)heptoic acid, 798. 
2:4-Diketo-3-methyltetrahydrothiazole-2-benzylidene- 
hydrazone-5-acetic acid, 1050. 
2:4-Diketo-3-methyltetrahydrothiazole-2-a-phenyl- 
ethylidenehydrazone-5-acetic acid, 1050. 
Diketonucidine, action of, bromine on, 603. 
4:7-Diketo-octoic acid, preparation of, and its methyl 
ester, 1747. 
4:7-Diketo-7-phenylheptoic acid, ethyl and methyl 
esters, 1744. 
2:4-Diketo-3-phenyltetrahydrothiazole-2-benzylidene- 
hydrazone-5-acetic acid, 1050. 
2:4-Diketo-3-phenyltetrahydrothiazole-2-cyclohexyl- 
idenehydrazone-5-acetic acid, 1049. 
2:4-Diketo-3-phenyltetrahydrothiazole-2-3’-methyl- 
cyclohexylidenehydrazone-5-acetic acid, 1050. 
2:4-Diketo-3-phenyltetrahydrothiazole-2-a-phenyl- 
ethylidenehydrazone-5-acetic acid, 1049. 
2:4-Diketo-3-phenyltetrah 1 pyl- 
idenehydrazone-5-acetic acid, 1049. 
2:4-Diketotetrahydrothiazole-2-benzylidenehydrazone- 
5-acetic acid, 1049. 
2:4-Diketotetrahydrothiazole-2-3’-methylcyc/ohexyl- 
idenehydrazone-5-acetic acid, 1049. 
2:4-Diketotetrahydrothiazole-2-a-phenylethylidene- 
hydrazone-5-acetic acid, 1049. 
2:4-Diketotetrahydrothiazole-2-isopropylidenehydr- 
azone-5-acetic acid, 1049. 
3:5-Dimethoxyacetophenone, 2-hydroxy-, benzoyl de- 
rivative, 1926. 
3:6-Dimethoxyacetophenone, 2-hydroxy-, and its 
benzoy] derivative, 1924. 
4:6-Dimethoxy-3-acetoxy-2-methylcoumarone, 925. 
3:5-Dimethoxy-1-anisylidenecoumaran-2-one, 4- 
bromo.-, 93. 
ay-Dimethoxy-d-araboglutaric acid, B-hydroxy-, di- 
amide and methy] ester, 753. 
ay-Dimethoxy-/-araboglutaric acid, f-hydroxy-, di- 
amide and methyl ester, 750. 
By-Dimethoxy-/-araboglutaric acid, a-hydroxy-, di- 
amide and methyl ester, 755. 
cis-Dimethoxyazobenzenes, 1314. 
2:3-Dimethoxybenzene, 1:4:5-trihydroxy-, 1454. 














3:5-Dimethoxybenzoic acid, 2-bromo-, and its methyl 
ester, 283. 

2:3-Dimethoxybenzoquinone, 5-hydroxy-, 1454. 

2:5-Dimethoxy-6-benzyloxyacetophenone, 1924. 

Di-(5-methoxy-3-carboxy-2-methyl-4-thienyl)phenyl- 
methane, 1117. 

4:6-Dimethoxycoumarone, and its picrate, 923. 

4:6-Dimethoxycoumarone-2-carboxylic acid, 
ester, 924. 

a epaaceatian a tur Bec 2:2’-dihydroxy-, 
1 ‘ 

3:6-Dimethoxydibenzoylmethane, 2-hydroxy-, 1925. 

5:6-Dimethoxydibenzoyimethane, 2-hydroxy-, 960. 

4:7-Dimethoxy-9:10-dihydrophenanthrene-1-f-pro- 
pionic-2-carboxylic acid, 1402. 

6:7-Dimethoxy-1-(3’:4’-dimethoxypheny]l)-1:2:3:4- 


ethyl 


tetrahydronaphthalene-2:3-dicarboxylic acid, and 
their esters, 1239. 
5:7-Dimethoxy-2:2-dimethylchroman, 6-cyano-, and 


its derivatives, 1261. 
2:3’-Dimethoxy-1:2’-dinaphthoylmethane, 1682. 
4:4’-Dimethoxydiphenylamine, 2:2’-diamino-, and its 

2:2’-diacetyl derivative, 160. 
3:3’-Dimethoxydiphenyl-5:5’-dialdehyde, 4:4’-dihydr- 

oxy-, 1927. 
5:6-Dimethoxyflavone, synthesis of, and 2-hydroxy-, 

and its dibenzoyl derivative, 956. 
5:8-Dimethoxyflavone, 1925. 
4:6-Dimethoxy-7-formylcoumarone, 923. 
4:6-Dimethoxy .-formylcoumarone-2-carboxylic acid, 

ethyl ester, 924. 
4:7-Dimethoxy-2’-formyl-3’-keto-1:2-cyclopenteno- 

phenanthrene, 1401. 
3:5-Dimethoxy-2-formyl-4-methylphenoxyacetic acid, 

and its derivatives, 924. 
3:5-Dimethoxy-2-formyl-6-methylphenoxyacetic acid, 

and its ethyl ester, 2:4-dinitrophenylhydrazone, 924. 
3:5-Dimethoxy-2-formylphenoxyacetic acid, and its 

derivatives, 923. 
4:7-Dimethoxy-3’-keto-1:2-cyclopentenophenanthrene, 

and its oxime, 1399. 
4:7-Dimethoxy-3’-keto-1:2-cyclopentenophenanthrene, 

2’-isonitroso-, 1401. 
4:6-Dimethoxymethylcoumarans, 925. 
4:6-Dimethoxy-7-mcthylcoumarone-2-carboxylic acid, 

and its ethyl ester, 924 
1:2-Dimethoxynaphthacene-11:12-quinone, 9:10-di- 

hydroxy-, 401. 
o-(1’:5’-Dimethoxy-2’-naphthoyl)benzoic acid, 400 
Di-(1-methoxy-2-naphthoyl)methane, 1682. 
4:7-Dimethoxyphenanthrene-1-f-propionic-2-carb- 

oxylic acid, and its methyl ester, 1401. 
4:6-Dimethoxyphenyl af-dibromo-f-p-anisylethyl ket- 

one, 5-bromo-2-hydroxy-, 93. 
4:6-Dimethoxyphenyl «f-dibromo-f-3:4-dimethoxy- 

phenylethyl ketone, 5-bromo-2-hydroxy-, 93. 
4:6-Dimethoxyphenyl af-dibromo-f-phenylethyl ket- 

one, 5-bromo-2-hydroxy-, 93. 
1-(3’:4’-Dimethoxypheny])-2:3-dihydroxymethyl-1:2:3:4 

tetrahydronaphthalene, and its anhydride, 1240. 
4:6-Dimethoxyphenyl p-methoxystyryl ketone, 5- 

bromo-2-hydroxy-, 93. 

5: 7-Dimethory-8-f-phenylpropionyl-2:2-dimethyl- 

chroman, 1260. 
3:5-Dimethoxyterephthalic acid, 2:6-dichloro-, 282. 
2:5-Dimethoxy-p-terphenyl, 1286. 
4:7-Dimethoxy-1:2:3:4-tetrahydrophenanthrene-1-f- 

propionic-2-carboxylic acid, 1402. 
9:10-Dimethoxy-1:4:9:10-tetraphenyl-9:10-dihydro- 

anthracene, 494. 
3:4-Dimethoxytoluene, 2:5:6-trihydroxy-, 1457. 
3:5-Dimethoxy-p-toluic acid, 2:6-dichloro-, and its 

derivatives, 282. 
3:4-Dimethoxytoluquinone, 6-hydroxy-, 1457. 
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2:4’-Dimethoxytriphenylcarbinol, 35. 

ar 4 Aarne a are properties and stability 
of, 33. 

2:2’ 5 aera eoegare aescr chloride and peroxide, 


2: © spiashibaantitiiinanhnaded bromide, chloride, and 
peroxide, 36. 
Dimethyl telluride, formation of, by micro-organisms, 
163. 
ee 3-acetamido-8-methyl-d-altropyranoside, 
73 


a sap 2-acetamido-8-methyl-d-glucopyranoside, 


ay-Dimethylallyl chloride, hydrolysis of, 1748. 

Dimethylamine, thermal decomposition ‘of, 499. 

4-Dimethylaminobenzenesulphonic acid, 3-nitro-, and 
its sulphonanilide, 1702. 

o-Dimethylaminobenzoic acid, methyl ester, prepar- 
ation of, 461. 

o-Dimethylamino-£8-dimethyl-a-isopropylstyrene, 462. 

2-Dimethylaminodiphenyl, 1200. 

2- and 4-Dimethylaminodiphenyl ethers, 1200. 

Dimethylaminodurene, nitro-, preparation of, 984. 

o-Dimethylamino-f-methyl-a-ethylstyrene, and _ its 
picrate, 463. 

Dimethyl amino-methylhexoside, derivatives of, 273. 

o-Dimethylaminophenyldiethylcarbinol, and its per- 
chlorate, 4 

Pcs Ne nT 462. 

2-Dimethylamino-m-xylene picrate, 1386. 

Dimethyl 3:6-anhydrogalactonamides, 1848. 

2:4-Dimethyl 3:6-anhydrogalactonic acids, methyl 
esters, 1848. 

2:4-Dimethyl 3:6-anhydro-d-galactose anilide, 1848. 


eo 3:6-anhydro-a-methyl-d-galactoside, 
2:4-Dimethyl 3:6-anhydro-f-methyl-d-galactoside, 


Dimethylaniline, o-chloro-, picrate, 1386. 

A ae es, nuclear-substituted, preparation 
of, 1199. 

Dimethylaniline-p-sulphonic acid, action of nitrous 
acid on, in sulphuric acid, 1701. 

9:10-Dimethylanthracene, 9: 10-di-chloro-, and -hydr- 
oxy, diacetyl derivative, 805. 

2:3-Dimethy] /-arabinose, and its derivatives, 753. 

2:4-Dimethyl d-arabinose, and its anilide, 752. 

2:5-Dimethyl /-arabinose, 751. 

Dimethyl arabo-ascorbic acids, 248. 

2:4-Dimethyl d-arabonamide, 753. 

2:4-Dimethyl /-arabonamide, 750. 

2:5-Dimethyl /-arabonamide, 751. 

2:5-Dimethyl y-/-arabonolactone, 751. 

2:5-Dimethy] /-arabonophenylhydrazide, 751. 

1:1’-Dimethyl-2:2’-azacyanine iodide. See Bis-(1- 
methyl-2-quinoline)azamethincyanine iodide. 

9:10-Dimethyl-1:2-benzanthracene, 9: 10-di-bromo- and 
-hydroxy-, and its diacetyl derivative, 806. 

2:2’-Dimethyl-3:4-benzoxathiacyanine. See ee 
3:4-benz-1-benzoxazole)(2-methyl-1-benzt le) 
methincyanine. 

2:4-Dimethylbenzthiazolone, 472. 

Dimethylbromogold, 766. 

Dimethyl-n-butylamine, and its salts, 1789. 

By-Dimethyl-4°-butylene, a-bromo-, 437. 

5:9-Dimethyldecadienic acids, and ethyl ester of 4***- 
compound, 1548. 

5:9-Dimethyldecenoic acids, and their esters, 1547. 

5:9-Dimethyldecoic acid, 4-bromo-, ethyl ester, 1547. 

a on preparation and properties of, 


5: ¥ -Dicasthngti-ttegnubanieteh, 3-hydroxy-, 
derivative, 280. 
Dimethyldiphenyl ethers, 2-amino-, and 2-nitro-, 1722. 


acetyl 
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3:4-Dimethyldiphenylamine, 4’-amino-, and its hydro- 
chloride, 1160. 

4:4’-Dimethyldiphenylamine, 2:2’-diamino-, and its 
2:2’-diacetyl derivative, 160. 

2:2’-Dimethyl-4:6’-diquinolylamine, and its dimeth- 
iodide, 492. 

nA-Dimethyl-42-x-dodecatetraen-a-ol, 1552. 

©S Senet S <egtinanane TO G-o-genem, 

4:8-Dimethyl-6-ethylcoumarin, 7-hydroxy-, 134. 

2:5-Dimethyl-4-ethylresorcinol, 951. 

2:4-Dimethylgalactonic acid, derivatives of, 1737. 

8:4-Dimethylgalactonic acid, amide and lactone, 1871. 

2:4-Dimethyl galactose, and its derivatives, 1736. 

3:4-Dimethyl galactose, 1869. 

4:6-Dimethy]l d-galactose, and its derivatives, 1488. 

Dimethylgoldacetylacetone, 766. 

os "enemas and its semicarbazone, 

By-Dimethyl-4*-hepten-{-one, and its semicarbazone, 
437 


2:6-Dimethylcyclohexanone-2-carboxylic acid, ethyl 
ester, 1301. 

1:2-Dimethylcyclohexylacetic acid, methyl ester, de- 
hydrogenation of, 88. 

1:1-Dimethylisoindole, 3-amino-, and its picrate, 1818. 

Dimethyliodogold, 765. 

2:3-Dimethyl d-mannosaccharic acid, 1885. 

2:3-Dimethyl d-mannuronic acid, 1885. 

Dimethylmesidine, preparation of, 984. 

2:3-Dimethyl methyl-/-arabinoside, 754. 

2:4-Dimethyl methylgalactosides, 1736. 

3:4-Dimethyl f-methylgalactoside, and its 2:6-di- 
nitrate, 1870. 

4:6-Dimethyl a-f-methyl-d-galactoside, 1488. 

2:3-Dimethyl methyl-d-mannuronide, 1885. 

2:4-Dimethyl mucic acid, derivatives of, 1737. 

Dimethylnitrosoamine, photolysis of, 12. 

1:12-Dimethyloctahydrophenanthrene-1-carboxylic 
acid, and its methyl ester, 1301. 

3’:7-Dimethyl-1:2-cyclopentenophenanthrene, and its 
derivatives, 799. 

Dimethylphenoxarsines, 10-chloro-, 1723. 

2-(Dimethylphenoxy)phenylarsonic acids, 1723. 

2-(Dimethylphenoxy)phenyldichloroarsines, 1723. 

1:12-Dimethyl-7-isopropyloctahydrophenanthrene-1- 
es acid, synthesis of, and its methyl ester, 
1 


2:3-Dimethyl-4-isopropylcyclopentanol, and its 3:5- 
dinitrobenzoate, 1043. 

2:3-Dimethyl-4-isopropylcyclopentanone, and its 2:4- 
dinitrophenylhydrazone, 1043. 

d-2:3-Dimethyl-4-isopropyl-4*-cyclopentenol, and_ its 
derivatives, 1043. 

d-2:3-Dimethyl-4-isopropyl-4?-cyclopentenone, and its 
derivatives, 1043. 

o-( 88-Dimethyl-a-isopropylvinyl)phenyltrimethyl- 
ammonium iodide, synthesis and resolution of, 


460. 

2:3-Dimethylquinoline, 6-amino-4-hydroxy-, and its 
acetyl derivative, and 6-nitro-4-hydroxy-, 565. 

1:7-Dimethyl-2-quinolone, 1861. 

Dimethyl saccharolactone, methyl ester, 1489. 

Dimethylsilylamine, preparation of, 821. 

Dimethyltelluretine ethy! bromide, 166. 

7:9-Dimethyltetrahydroacridine, 5-bromo-, 
chloro-, 786. 

2:1’-Dimethylthia-2’-cyanine iodide. See (1-Methyl-2- 
| ~ Sega eel Sie marae rna a et aa 
iodide. 

1:6-Dimethyl-2-thioquinolone, 1861. 

Dinaphthoylmethanes, 1-hydroxy-, 1680. 

2:5-Di-2’-naphthoylterephthalic acid, 2:5-di-1’-hydr- 
oxy-, 400. 


and 65- 
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1:1’-Dinaphthyl, 2:2’-diamino-, preparation of, 1115. 


Dinaphthyl sulphides, nitro-, 1095. 

aa-Di-1’’-naphthyl]-3:4:2’:1’-naphthaphthalide, 
hydroxy-, 400. 

2:3-Di-£-naphthylquinoxaline, 200. 

Dinitro-compounds. See under diNitro-compounds. 

4-Di-n-octylaminoazobenzene, 4’-nitro-, 1385. 

1:3-Dioctyloxybenzenedisulphonic acid, and its deriv- 
atives, 1833. 

Dipalladium derivatives, bridged, structure of, 1622. 

Dicyclopentadiene, cracking of, 375. 
kinetics of formation of, in paraffin, 374. 
solubility of, in paraffin, 371. 

a- polymerisation of, 1761. 

ee gaseous, kinetics of formation 
of, % 

Diphenic acid, preparation of, 855. 

Diphenic acid, 4:4’-dinitro-, salts and esters of, 1541. 
4:6:4’-trinitro-, resolution of, 98. 
4:6:4’:6’-tetranitro-, methyl ester, complex formation 

of, with hydrocarbons, 972. 

Diphenyl, 3-hydroxy-, 122. 
3-nitro-, 1291. 

Diphenyl ethers, containing ethoxy and methoxy 


di-4”- 


po , 1165. 

selenide, 2-amino-, and 2-nitro-, preparation of, 152. 
sulphide, 5-chloro-2-nitro-, 904. 

Diphenyl-3-acenaphthylcarbinol, 308. 

Diphenyl-3-acenaphthylmethane, 309. 

Diphenyl-3-acenaphthylmethyl, 307. 

Diphenyl-3-acenaphthylmethyl bromide, chloride, and 
peroxide, 309. 

Diphenyl-2-acetic acid, preparation of, 1840. 

Diphenylamine, 2:2’-diamino-, and its 2:2’-diacetyl 
derivative, 160. 

Diphenylamines, 2:2’-diamino-, and their diacetyl 
derivatives, 158. 

1:4-Diphenylanthracene, and its picrate, 397. 

3:6-Diphenylanthranilic acid, and its acetyl derivative 
and methyl ester, 395. 

1:4-Diphenylanthraquinone, and di- and tetra-bromo-, 
and dinitro-, 397. 


1:5-Diphenylanthraquinone, 396. 

Diphenylbisdiphenylene-ethane, preparation and pro- 
perties of, 30. 

1:3-Diphenyl-5-(6’-bromo-3’:4’-methylenedioxypheny])- 
pyrazole, 97. 

Diphenyl-4-carboxylic ««'1, 3-hydroxy-, and its ethyl 
ester, 122. 


Diphenyl-5-carboxylic acid, 2-nitro-, 1292. 
Diphenyl-4:4’-dicarbonamidoxime, and its dihydro- 

chloride, 1256. 
1:4-Diphenyl-9:10-dihydroanthracene, 9-hydroxy-, 397. 
Diphenylene selenide, preparation of, 153. 

sulphide, and its diacetyl derivative, 152. 

uride, preparation of, 153. 

7 aaa meer te ES dichloride, 


5 SOE Aner mera cecrerme salts, 


Diphenylenesulphone-3:6-dicarboxylic acid, 152. 

1:3-Diphenyl-4*-cyclohexene, 1291. 

Diphenylmethane-4:4’-dicarbonamidoxime, and its di- 
hydrochloride, 1256. 

eee vere an photo-oxide of, 


1:4-Diphenylnaphthacene-11:12-quinone, 9:10-dihydr- 
oxy-, 401. 

1:5-Diphenyl-1:4:5:8:11:12:13:14-octahydroanthra- 
quinone, 396. 

Ia Sa, 


ay-Diphenyl-a-pentadeuterophenyl-y-1-naphthylally! 
alcohol, 434. 
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ay-Diphenyl-y-pentadeuterophenyl-a-1-naphthylallyl 
alcohol, 434. 
2:3-Diphenylcyclopentane, l-amino-, l-acetyl deriv- 
ative, 1415. 
cise and trans-3:4-Diphenylcyclopentanes, 1-amino-, 
l-acetyl derivatives, 1414. 
3:4-Diphenylcyclopentane-1:2-diol, 569. 
trans-2:3-Diphenylcyclopentanol, 571. 
cis-8:4-Diphenylcyclopentanol, 570. 
trans-2:3-Diphenylcyclopentanone, 5-chloro-, 573. 
cis-8:4-Diphenylcyclopentanone, 2-bromo-, 572. 
cis- and trans-3:4-Diphenylcyclopentanones, and their 
derivatives, 567. 
y5-Diphenyl-4°-pentenoic acid, and its anilide, 1415. 
Diphenylcyclopentenone, chloro-, structure of, from 
anhydroacetonebenzil, 1408. 
2:3-Diphenylcyclopentenone, and its derivatives, 570. 
3:4-Diphenyl-4?-cyclopentenone, 2-chloro-, and _ its 
derivatives, 1413. 
2-hydroxy-, action of phosphoryl chloride on, 1411. 
3:4-Diphenyl-4*-cyclopentenone, 1413. 
and its 2:4-dinitrophenylhydrazone, 569. 
trans-3:4-Diphenylcyclopentylamine, and its deriv- 
atives, 1414. 
3:6-Diphenylphthalic acid, anhydride and methyl 
ester, 394. 
3:6-Diphenylphthalimide, and N-hydroxy-, 395. 
Diphenylpiperonylcarbinol, 303. 
Diphenylpiperonylmethane, 303. 
Diphenylpiperonylmethyl, 302. 
Diphenylpiperonylmethyl bromide and chloride, and 
their derivatives, 303. 
B8-Diphenylpropiophenone, 8-hydroxy-, 434. 
Diphenyl-2-pyridylcarbinol, 811. 
Diphenyl-2-quinolylcarbinol, 811. 
Diphenylsulphone, 3-amino-, 3:4-diamino-, and chloro- 
nitro- and nitroamino-derivatives, 905. 
3-chloro-4-nitro- and 5-chloro-2-nitro-, mobility of 
groups in, 902. 
2:4-Diphenylsulphonylaniline, 905. 
2:4-Diphenylsulphonylanisole, 906. 
2:4-Diphenylsulphonyldiphenyl sulphide, 906. 
2:4-Diphenylthionitrobenzene, 904. 
ay-Diphenyl-y-p-tolyl-a-1-naphthylallene, 435. 
ay-Diphenyl-a-p-tolyl-p-1-naphthylallyl alcohol, 434. 
ay-Diphenyl-y-p-tolyl-a-1-naphthylallyl alcohol, 435. 
Diphenyl triketone f-anil oxide and £-p-dimethyl- 
aminoanil oxide, 1429. 
ar nace acid, anilide and methyl ester 
of, 1415. 
Dipole moments of vapours, 1144. 
Di-(5-n-propoxy-3-carboxy-2-methyl-4-thienyl)phenyl- 
methane, 1117. 
m-Di-n-propylaminobenzaldehyde, and its derivatives, 
1093. 
Di-4-pyridyl sulphides, and their dipicrates, 877. 
2:2-Dipyridyltetraethyldibromodigold, 767. 
Disabinaketylamine, 1418. 
Disilane, pyrolysis of, 1021. 
Dissociation constants of halogeno- and nitro-benzoic 
acids, 640. 
of m-halogeno-phenols, 263. 
of organic acids, 446. 
1:3-Dithian, preparation of derivatives of, 347. 
1:3-Dithian-5-one-4-carboxylic acid, ethyl ester, and 
its derivatives, 348. 
Di-2-thionaphthenylmercury, 1007. 
3:6-Di-p-toluidinophthalhydrazide, 139. 
3:6-Di-p-toluidino-N-p-tolyldithiophthalimide, 139. 
3:6-Di-p-toluidino-N-p-tolylphthalimide, 138. ; 
RSet pe eee sulphide, 


2:4-Di-p-tolylsulphonylnitrobenzene, 905. 
2:4-Di-p-tolylthionitrobenzene, 905. 
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9:10-Dixenylanthracene, and its photo-oxide, 116. 

9:10-Dixenyl-9:10-dihydroanthracene, 9:10-dihydr- 
oxy-, 117. 

Dodecahydrophenanthrenes, 849. 

Dodecyl sodium sulphate, electrical conductivity of 
solutions of, in alecohol—water mixtures, 522. 

2-Dodecylaminopyridine, 1857. 

p-n-Dodecyloxybenzoic acid, polymorphism of, 424. 

at ote ee acid, polymorphism of, 

1-Dodecyl-2-pyridone, salts, 1857. 

1-Dodecyl-2-pyridoneimine sulphate, 1857. 

Dunnione, and its derivatives, 1522. 

n~ and iso-Dunniones, spectra of, absorption, 881. 

a-Dunnione, and its 2:4-dinitrophenylhydrazone, 1528. 

a- and f-isoDunniones, 1528. 

alloDunnione, and its 2:4-diphenylhydrazone, 1527. 

Durene, nitroamino-, preparation of, 984. 

Durenol, nitro-, preparation of, 985. 

Dyes, chromium lakes of, 823. 

Dysprosium, purification of, 558. 


Earths, rare, dimethyl phosphates of, 554. 
Elaidic acid, purification of, and its equilibria in 
mixtures with other higher fatty acids, 974. 
Electrical conductivity of uni-univalent salts -in 
acetone, 1386. 
Electrolytic oxidation, 1109. 
Elliptic acid, and its methyl ester, 1426. 
Elliptolone, and its O-acetyl derivative, 1426. 
Elliptone, structure of, 1424. 
dl-Elliptone, and its derivatives, 1104. 
l-Elliptone, and its derivatives, 1103. 
from Derris elliptica, 1099. 
Elm, slippery. See Ulmus fulva. 
Emulsions, water-in-oil, 619. 
Equation, Arrhenius, application of, to racemisation 
of co-ordination compounds, 1937. 
relation between constants of, 1378. 
Equilibrium in gaseous state and in solution, 367. 
Eremophilone, and hydroxy-, constitution of, 87. 
Ergosterol, structure of, 250. 
Erythrina cristagalli, hypaphorine from, 1841. 
Esters, acid, metallic salts, electrolysis of, 1109. 
hydrolysis of, 838, 840. 
structure of, oom: Se! measurements, 177. 
Ethanolamine oleate, soiubility of water in benzene 
solutions of, 53. 
3-Ethoxybenzaldehyde, 4-hydroxy-, acetyl derivative, 
1166 


8-Ethoxybenzoic acid, 5-bromo-4-hydroxy-, and 4- 
hydroxy-, and their derivatives, 1166. 

4-Ethoxybenzoic acid, 3-hydroxy-, and its methyl 
ester, 1161. 

Ethoxydurene, nitro-, preparation of, 985. 

f-Ethoxyethanesulphonic acid, chloromercuric salt, 
thermal decomposition of, 1066. 

10-Ethoxymethyl-1:2-benzanthracene, 804. 

Ethoxymethyleneacetophenone, 121. 

2-Ethoxy-9-methylpurine, 6-amino-, 1786. 

5-Ethoxy-2-methylthiophen-3-carboxylic acid, and its 
barium salt and ethyl ester, 1117. 

6-Ethoxyphenol, 2:4-dibromo-, 1167. 

Ethyl carbonate, dipole moment and structure of, 
1118. 


Ethyl ether, inflammation of mixtures of, with air, 
7 


S-Ethylamino-7-thoxyacridine, 
5-Ethylamino-7-methoxyacridine, 3-nitro-5--chloro- 
and -5-8-hydroxy-, 477. 


3-nitro-5-B-chloro-, 
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O-Ethylbebeerilene, 1160. 

O-Ethylbebeerine, and its methiodide, 1159. 

3-Ethylbenzaldehyde, 2:6-dihydroxy-, 300. 

2’-Ethylmesobenzanthrone, 949. 

(2-Ethyl-3:4-benz-1-benzoxazole)(2-ethyl-1-benz- 
thiazole)methincyanine iodide, 149. 

(2-Ethyl-5:6-benz-1-benzoxazole)(2-ethyl-1-benz- 
thiazole)methincyanine iodide, 149. 

Ethylbenzoins, asymmetric synthesis of, 1201. 

B-p-Ethylbenzoylpropionic acid, preparation of, 946. 

(1-Ethyl-5:6-benz-2-quinoline)(2-ethyl-5:6-benz-1- 
benzoxazole)methincyanine iodide, 150. 

(2-Ethyl-1-benzthiazole)(2-ethyl-5:6-benz-1-benz- 
thiazole)methincyanine iodide, 149. 

(2-Ethyl-1-benzthiazole)(2-ethyl-1-benzselenazole)- 
methincyanine iodide, 149. 

Ethyldeuterothiol, Raman spectrum and vapour 
pressure of, 61. 

Ethyldideuteramine, preparation and properties of, 
41 


Ethyldihydrobenzoin, £-form, 108. 
7-Ethyl-3:4-dihydronaphthalene-l-dicarboxylic acid, 
and its anhydride, 947. 
7-Ethyl-3:4-dihydro-1-naphthoic acid, 947. 
Ethyldisilylamine, preparation and properties of, 
820. 
Ethylene derivatives, additive reactivity of, effect of 
substituents on, 224, 
Ethylene, tetrachloro-, stabilisation of, for medical 
pur , 767. 
Ethylene-af-bis(arsonic acid), 1633. 
Ethylene-af-bis(butylchloroarsine), 1633. 
Ethylene-af-bis(dibutylarsine), 1633. 
Ethylene-af-bis(dibutylarsine)dichloropalladium, 1633. 
Ethylene-af-bis(diphenylarsine), 613. 
as” ~ ulna eee tt cnee ene 
32. 
Ethylenebis-(”-octylsulphide), 1630. 
Ethylenebis-(-octylsulphide)dichloropalladium, 1630. 
Ethylene-af-bis(phenylarsonic acid, 612. 
Ethylene-af-bis(phenyl--butylarsine), 613. 
Ethylene-af-bis(phenyl-n-butylarsine sulphides), 614. 
a” ~ tli aaen e)dichloropalladium, 
1 b 


Ethylene-af-bis(phenylchloroarsine), 612. 

Ethylene-af-bis(phenyliodoarsine), 612. 

a picr- 
ates), . 

Ethylenediaminodimethylgold iodide, 765. 

Ethyleneuiaminotetramethyldi-iododigold, 766. 

O-Ethylisoeugenol, preparation of, 1161. 

4-Ethylcycloheptanone, and its semicarbazone, 188. 

dl-8-Ethyl-n-hexyl hydrogen phthalate, 637. 

w-Ethylmethanetriacetic acid, and its derivatives, 
1298. 

7-Ethyl-1-naphthoic acid, 947. 

y-p-Ethylphenylbutyric acid, and its ethyl ester, 946. 

B-(p-Ethylphenyl)ethylmalonic acid, 947. 

3-Ethylpiperidine, 3-8-bromo-, hydrobromide, 678. 

ee eee 
cyanine iodide, 1 

s-Senvieabea-ck. " its picrate, 1244. 

1-Ethylthiobenzthiazole, 1 iets 473. 

Ethylthiol, equilibrium constant for isotopic hydrogen 
exchange in aqueous mixtures of, 61. 

1-Ethylthiolbenzthiazole, and its derivatives, 148. 

2-Ethylthiolquinoline, and its derivatives, 147. 

2-Ethylthio-4-methylquinoline, 1323. 

5-Ethyl-m-toluic acid, 2:6-dihydroxy-, and its methyl 
ester, 301. 

O-Ethylvanillic acid, preparation of, 1161. 

Euparin, constitution and derivatives of, 925, 933. 

Eupatorium purpureum, euparin from, 925. 

Exchange reactions. See under Reactions. 
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Ferruginane, 1035. 
Ferruginol, and its derivatives, 1031. 
Films, built-up, of substituted and unsaturated long- 
chain compounds, 777. 
oxide, stripping and analysis of, 622. 


Filters, micro-immersion, 1962. 

Fish, poisons for, from leguminous plants, 812, 1099, 
1424. 

Flames, “‘ cool,” in relation to normal flames, 337, 341. 
green, 332. 

Flavone, 5:6-dihydroxy-, and its diacetyl derivative, 
960 


Forces, intermolecular, in liquid systems, 75, 79. 
Formic acid, chloro-, esters, thermal stability of, 310. 
Formo-4-bromobenzhydrylamide, 1959. 
a-Formoxypropionic acid, ethyl ester, 103. 
3-Formylacetophenone, 2:4-d1 ydroxy., and its deriv- 
atives, 133. 
2:6-di- and 2:4:6-tri-hydroxy-, and their derivatives, 
951. 
3-Formyl-5-ethylacetophenone, 2:4-dihydroxy-, and 
its derivatives, 950. 
3-Formyl-5-ethylbenzoic acid, 2:4-dihydroxy-, and its 
derivatives, 301. 
3-Formyl!-6-methylacetophenone, 2:4-dihydroxy-, and 
its 2:4-dinitrophenylhydrazone, 950. 
Furan, aminohydroxy-, nitrohydroxy-, and nitroso- 
hydroxy-derivatives, 1014. 
2-bromo-3-hydroxy- and 2- and 3-hydroxy-, 806. 
2- and 3-hydroxy-, nitration and nitrosation of, 
1013. 
Furano-compounds, 921, 925, 930, 933. 
ey enero ketone, and its derivatives, 
Furfurylidene-p-methoxyacetophenone, 1745. 
Fufurylidene-2-methyl-6-acetonaphthone, 798. 


G. 


Galactose derivatives, acy] migration in, 1248. 
phenylosazone, 390. 
3-d-Galactosido-/-arabinose, isolation of, 744. 
or nido-/-rhamnose, and its barium salt, 
470. 


} mer ye = synthesis of hydrocarbons from, 1604. 
ption of, on solids, 139. 
“fat of c{ rption of, on chromium sesquioxide, 
on manganese oxides, 857. 
association in, 362. 
Glucosamine, configuration of, 271. 
methylated derivatives of, 274. 
synthesis of, 782. 
d-Glucose, conversion of, into d-idose, 1069. 
Glucosides, synthesis of, 1266. 
7-8-Glucosidoxycoumarin, 6-hydroxy-. See Cichoriin. 
d-Glucuronic acid, synthesis of, 1529. 
cis- and trans-Glutaconic acids, exchange reactions of, 
with deuterium oxide, 1673. 
Glycerides, X-ray and thermal examination of, 103, 
577, 1141, 1518. 
Glycine, synthesis of, 1564. 
aa 7 constitution of, from fish liver and muscle, 
derivatives, osmotic pressure of, 664. 
a dimeric, catalytic depolymerisation 
te) 77 
Glycosides. See Glucosides. 
Glyoxal, combustion zones of, 1703. 
Gold compounds, quadricovalent, 426. 
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Gold organic compounds, 762. 
stereochemistry of, 426. 

Graphite, formation of, 67. 

4-Guanido-4’-aminoazobenzene nitrate, 256. 

Guanidonaphthalenes, 253. 

7-Guanido-2-naphthylamine nitrate, 255. 

Guanine-uridylic acid, 907. 

Guanyldipiperidyl hydriodides, 257. 

Guanylnaphthalenes, 253. 

Gum, damson. See Damson gum. 

Gum arabic, arabic acid from, 747. 


Haber Memorial Lecture, 1642. 
Halogens, identification of, in organic halogen com- 
pounds, 1956. 

radioactive, concentration of, 1273. 

Halogen organic compounds, detection of the halogen 
in, 1956. 

Halogenation in anthraquinone series, 816. 

Heat ~t rr of gases on chromium sesquioxide, 


on manganese oxides, 857. 


Heterocyclic compounds, configuration of, 1050. 
= 3-d-galactopyranosido-l-arabofuranose, 


em 3-d-galactopyranosido-/-arabopyranose, 
Heptamety 3-8-d-galactopyranosido-d-arabopyran- 


dion-Heptane-y-carboxylic acid, preparation and re- 
solution of, and its esters, 636. 

Heptane-1:7-dicarbonamidoxime, 1255. 

2-n-Heptylcycloheptanone, and its derivatives, 186. 

or ~ diana acid, polymorphism of, 

oy - ean lial ame esan ec inane tek enananiae 


Hexahydrocarbazole, 7-bromo- and 7-chloro-10:11- 
dihydroxy-, 9-acetyl derivatives, 239. 

cise and trans-Hexahydrocuminic acids, and their 
esters, 1246. 

cis-Hexahydrohomophthalic acid, p-phenylphenacyl 
ester, 174. 

9-Hexahydrophenanthrene, cis-7-hydroxy-, 174. 

trans-Hexahydro-p-toluic acid, p-bromo-, and p-chloro-, 

phenacyl esters, 1246. 
2: 4:6:2": 4’:6’-Hexamethoxybenzoin 2:4-dinitropheny]- 


ydrazone 
9:4:6:2':4’:6’ -Hexamethoxy-b:5’-diacetyl-8:3’-dimethyl- 
diphenylmethane, 1585. 
2:4:6:2’:4’:6’-Hexamethoxydibenzylamine, 91. 
2:4:6:2’:4’:6’-Hexamethoxydiphenylmethane, 91. 
5:6:7:5’:6’:7’~-Hexamethoxy-3:3:3’ :3’-tetramethylbis- 
1:1’-spirohydrindene, 199. 
Hexamethylbenzene, crystal structure of, 1324. 
3:3:5:8’:3’:5’-Hexamethylbis-1:1'-spirohydrindene, 7:7’- 
dibromo-6:6’-dihydroxy-, and 6:6’-dihydroxy-, and 
its derivatives, 1423. 
cycloHexan-1:4-dione di-o-carboxyanil, 787. 
Hexane, inflammation of, in air and in oxygen, 343. 
cycloHexane series, 84. 
alcohols of, 518, 1245. 
B-(5 or 6)-cycloHexane-1-spirohydrindoylpropionic acid, 
and its derivatives, 173. 


r(5¢ or 6)-cycloHexane-1-spirohydrindylbutyric acid, 


ne 8-phenylthiosemicarbazone, 1049. 
1 :4:5:8:9:10-Hexaphenyl-9:10-dihydroanthracene, 9:10- 
dihydroxy-, 397. 
Bi na ee psi pes payer 797. 
( —)-B-n-Hexyl alcohol, and its tartranilate, 639. 
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B-cycloHexylethylcyclohexane, £-3’-hydroxy-, and its 
3:5-dinitrobenzoate, 176. 

hit aie ana acid, polymorphism of, 

Hofmann reaction, 916. 

Holmium, purification of, 558. 

amare eae, polarities of, in benzone, 
1392. 


Horehound, bitter principle of, 587. 

Horse-chestnut starch, See under Starch. 

(+)Hydratropamide, Hofmann rearrangement of, 916. 

Hydrazones, metallic complexes of, 257. 

Hydrindene-l-spirocyclohexane, 5-hydroxy-, 
3:5-dinitrobenzoate, 177. 

B-Hydrindone f- naphthy om ppcapny 1536, 

Hydrobenzoins, substitu a- and f-forms of, 108. 

Hydrocarbon, C,,H,,, from Peters chloride, 1021. 
Capt oe» and its derivatives, from cholesteryl chloride, 

020. 


and its 


wiibvonastieal aromatic, complex formation by, with 
polynitro-compounds, 98, 972. 
identification of, 1442. 
a 266, 268. 
inflammation of mixtures of air with, 332. 
paraffin, higher, inflammation of, in air, 341. 
synthesis of, from water gas, 1604. 
Hydrocellulose, 1901, 1904. 
Hydrocyanic acid. See under Cyanogen. 
Hydrogen, adsorption of, by hydrogenation catalysts, 
effect of poisons on, 1750. 
atoms, associating effect of, 484. 
heat of adsorption of, on manganese oxide, 860. 
heavy. See Deuterium. 
symmetrically ao with deuterium, molecular 
metry due to, 1960. 
Hydro-f-naphthoin, 200. 
Hypaphorine, and its flavianate, 1841. 


I. 


d-Idose, formation of, from d-glucose, 1069. 
Indeno(2’:3’:2:3)indole, 1534. 
Indeno(2’:3’:2:3)indole, 5-nitro-, 1535. 
Indeno(2’:3’:2:1)-8-naphthindole, and 
derivative, 1536. 
Indole derivatives, polycyclic, action of nitric acid on, 
1534. 
Indoles, halogeno-, structure of, 237. 
Indole group, structure in, 237. 
o-Indophenol, mm/’-difluoro-, 1405. 
~-Indoxylspirocyclopentane, 8-bromo-, 6-acetyl deriv- 
ative, and 8-bromo-7:9-dinitro-, 239. 
Inulin derivatives, osmotic pressure of, 664. 
Iodine chloride, addition of, to olefinic compounds, 1509. 
Iodides, reaction of, with persulphates, 463. 
Iodic acid, reaction of, with s phurous acid, using 
constant sulphite solution, 675. 
Ionisation in non-aqueous solvents, 1337. 
#-Ionylideneacetaldehyde semicarbazones, 1553. 
¥-cyclolonylideneacetaldehyde semicarbazone, 1560. 
Iron, oxide films on, thickness of, in air, 621. 
Iron organic compounds :— 
Iron enneacarbonyl, crystal structure of, 286. 
—_ determination :— ‘ . i 
etermination in, of 0: . vacuum-fusion 
method, 631. oe 
Irone, synthesis of, 435. 
Isomerism, cis-trans-, in octahedral groups, 1106. 
optical, due to symmetrical deuterium and hydrogen 
atoms, 431. 
Isomorphism in hydrated salts, 646, 653. 
Isotopes in biology, 1213. 
use of, in chemical reactions, 1188. 


its 3-acetyl 
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3’-Keto-4-acetoxy-7-methyl-1:2-cyclopentenophen- 
anthrene, 798. 

5-Keto-4-benzylidene-2-methyl-4:5-dihydrothiophen-3- 
carboxylic acid, 1117. 

Ketocholanic acids, substituted, 540. 

5-Keto-4-cinnamylidene-2-methyl-4:5-dihydrothio- 
phen-3-carboxylic acid, 1117. 

3’-Keto-3:4-dihydro-1:2-cyclopentenophenanthrene, 
preparation of, 1740. 

a-Keto-8-2-diphenylylsuccinic acid, ethyl ester, 1841. 

9-Ketododecahydrophenanthrenes, and their deriv- 
atives, 846. 

B-Keto-esters, condensation of, with phenols in 
presence of aluminium chloride, 1250. 

5-Keto-4-ethylidene-2-methyl-4:5-dihydrothiophen-3- 
carboxylic acid, 1117. 

3-Keto-1:2:3:4:5:6-hexahydrochrysene, and its 2:4-di- 
nitrophenylhydrazone, 1741. 

N-2’-Ketocyclohexylideneanthranilic acid, 787. 

3’-Keto-4-hydroxy-74methyl-1:2-cyclc pentenophen- 
anthrene, 798. 

1’-Ketoindeno(2’:3’:1:2)fluorenons, and its bisphenyl- 
hydrazone, 396. 

5-Keto-4-2-methoxybenzylidene-2-methyl-4:5-dihydro- 
thiophen-3-carboxylic acid, 1117. 

7-Keto-4-methoxy-7:8-dihydrohomophenalene, 790. 

3-Keto-10-methoxy-1:2:3:4:5:6-hexahydrochrysene, 
and its 2:4-dinitrophenylhydrazone, 1742. 

3’-Keto-4-methoxy-7-methyl-1:2-cyclopentenophen- 
anthrene, 799. 

) 5-Keto-8-m-methoxyphenyloctoic acid, methyl ester, 

preparation of, 1741. 

1-Keto-5-methoxy-1:2:3:4-tetrahydronaphthalene, 789. 

1-Keto-8-methoxy-1:2:3:4-tetrahydrophenanthrene, 
preparation of, 791. 

4-Keto-7-a-naphthylheptoic acid, and its semicarb- 
azone, 1740. 

5-Keto-8-a-naphthyloctoic acid, and its semicarbazone, 
1741. 


Ketone, C,,H,,0,, and its derivatives, from reduction 
of picrotoxinone, 941. 
Ketones, aromatic, photochemical decomposition of, 
589. 
condensation products of, with phenols, 195, 1421. 
cyclic, aB-unsaturated, reactions of, 264, 1531. 
long-chain, synthesis of, 201. 
prototropy of, 1353. 
5-Keto-4-0-nitrobenzylidene-2-methyl-4:5-dihydrothio- 
phen-3-carboxylic acid, 1117. 
9-Keto-1:2:3:4:9:10:11:12-octahydrophenanthrene, cis- 
7-amino-, -hydroxy-, and -nitro-, 173. 
3’-Keto-1:2-cyclopentenophenanthrene, 4:7-dihydroxy-, 
and its diacetyl derivative, 1404. 
9-Ketoperhydrophenanthrenes, and their oximes, 847. 
5-Ketoruban, and its derivatives, 1243. 
5-Keto-6:9-rubanene, and its derivatives, 1243. 
5-Keto-5:6:7:10-tetrahydroacrindoline, 787. 
1’-(or 4’)Keto-1’:2’:3':4’-tetrahydro-5:6-benzhydr- 
indene-1-spirocyclohexane, 173. 


L. 


y-Lactones, hydrolysis of, by alkalis, 508. 

Lapachol acetate and methy] ether, 883. 
and its derivatives, spectra of, absorption, 878. 

a- and £f-Lapachone 2:4-dinitrophenylhydrazones, 
1528. 

Lariciresinol, stereochemistry of, and of pinoresinol, 
1054. 

a-Laurodidecoin, 578. 

8-Laurodidecoin, 105. 
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f-Laurodimyristin, preparation of, 104. 

Lead suboxide, 1637. 

— delivered before the Chemical Society, 1203, 
1642. 

Leucadendron species, leaves, constituents of, 1085. 

Leucodrin, degradation of, 1085. 
methyl ether, acetyl derivative, and dibromo-, 1087. 
tetramethyl ether, and mono- and di-bromo-, and 

nitro-, and their derivatives, 1087. 

Leuconostoc dextranicum, dextran synthesised by, 581. 

Lichenin, derivatives, osmotic pressure of, 664. 

Lignan diols, synthesis of, 1237. 

Linalool xenylurethane, 1500. 

Linkings, double, addition to, 362, 367, 371, 381, 870. 
unsaturated, and absorption spectra, 1177. 

Liquids, chemically related, viscosity of, 1341. 
intermolecular forces in, 75, 79. 

Lithium triphenylmethoxide, 315. 

Lithocholic acid, preparation of, 541. 

Liversidge Lecture, 1203. 

n= and iso-Lomatiols, ra of, absorption, 878. 

Lumisterol, structure of, 250. 

Lupeol, addition of hydrogen chloride to, 322. 

Lupenyl esters, oxidation products of, 322. 

n= and iso-Lupenyl acetates, 324. 

Luteolin, synthesis of, 91. 

dl-Lysine dipicrate, 1566. 


Magnesium iodide, addition of, to camphor and 
terpene derivatives, 1961. 

Malachite green leuco-cyanide, phototropy of, in 
solution, 1457. 

Maleic anhydride, additive compound of, with caryo- 

phyllene, 1853. 

reaction of, with thiosemicarbazones, 1048. 

Malonic acid, ethyl hydrogen ester, potassium salt, 
electrolysis of, in ethylene glycol, 1109. 

Manganese oxide, active, heat of adsorption of gases 

on, 857. 

oxides, magnetic susceptibilities of, 1433. 

Marrubic acid, and its acetyl derivative, 588. 

Marrubiin, and its derivatives, 587. 

Marrubium vulgare. See Horehound. 

a d-, and /-Matairesinol dimethyl ethers, synthesis 
of, 154. 

Memorial Lecture, Haber, 1642. 

4*4(8).»-Menthadien-3-one, and its derivatives, 1502. 

dl-p-Menthan-3-one, 1:8-dibromo-, and its derivatives, 
and 1:8-dichloro-, 1501. 

l-trans-4*-Menthen-3-ol, and its 3:5-dinitrobenzoate, 
1037. 

dl-A*-Menthen-3-one, and its 3:5-dinitrobenzoate, 
1040 


(—)-Menthol, and its tartranilate, 639. 
Menthone series, 1037, 1306. 
Mercury :— 
Mercuric bromide, effect of, on hydrolysis of alkyl 
bromides in acetone, 1872. 
Mesidine, preparation of, 984. 
Metallic oxides, magnetic susceptibility of, 1433. 
salts, complex, constitution of, 1622. 
5-Methoxyacenaphthene, 792. 
5-Methoxy-1-(2’-acetamido-4’-methoxyphenyl)-2- 
methylbenziminazole, 160. 
6-Methoxyacetophenone, 2-mono- and 2:5-di-hydroxy-, 
and dibenzoy! derivative of the latter, 959. 
Methoxyacetophenones, mono- and di-hydroxy-, 1926. 
4-Methoxy-5-acetylbenzaldehyde, 2-hydroxy-, 929. 
4-Methoxy-5-acetylbenzoic acid, 2-hydroxy-, 929. 
— Se ee ee 7-hydroxy 
59. 
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3-Methoxy-6-acetyl-2-methylphenoxyacetic acid, and 
its 2:4-dinitrophenylhydrazone, 1599. 
6-Methoxy-2-acetylnaphthalene, and its oxime, 1399. 
5-Methoxy-1-(2’-amino-4’-methoxypheny])-2-methyl- 
benziminazole, 160. 
3-Methoxybenzaldehyde, 2:5-dihydroxy-, 1927. 
5-Methoxybenzene, 1:2:4-trihydroxy-, 1453. 
2’-Methoxy-6:7-benzoflavone, 1683. 
3-Methoxybenzoquinone, 2:5-dihydroxy-, 
amine salt, 1454. 
2:5-diacetyl derivative, 1452. 
5-Methoxybenzoquinone, 2-hydroxy-, and its 2-acetyl 
derivative, 1453. 
2-p-Methoxybenzoyl-3:6-diphenylbenzoic acid, and its 
methyl ester, 394. 
2-Methoxy-4-benzyloxyacetophenone, 929. 
6-Methoxy-8-cholesterylcarbamidoquinoline, 4. 
a - ees te 6-hydroxy-, and its derivatives, 
4-Methoxycoumarone-2-carboxylic acid, 6-hydroxy-, 
ethyl ester, 931. 
5-Methoxy-m-cresol, 2:6-dichloro-, 282. 
2-Methoxy-N N’-diacetyl-1:4-phenylenediamine, 
5-nitro-, 1286. 
re and its picrate, 


bismethyl- 


and 


6-Methoxy-3:7-dimethylcoumarone-2-acetic acid, and 
its amide, 1600. 
6-Methoxy-3:7-dimethylcoumarone-2-carboxylic acid, 
and its ethyl ester, 1599 
6-Methoxy-3:7-dimethylcoumarone-2-pyruvic acid, and 
its oxime, 1600. 
6’-Methoxy-3’:3-dimethy!-2’:3’-dihydrobenzofurano- 
(2’:3’:5:4)-4*5-cyclohexadienone-2-carboxylic acid, 
and its methyl ester, 1598. 
Se ee 
ene, ; 
a tle so ii sl 
ene, . 
3-Methoxydi-2-naphthoylmethane, 1682. 
i este -dinaphthoylmethane, 1-hydroxy-, 
4-Methoxydiphenyl, 4’-nitrosoamino-, acetyl deriv- 
ative, 1285. 
a -  a ethers, 2-amino-, and 2-nitro-, 


4-Methoxydiphenylamine, 2:2’-diamino-, and its di- 
acetyl derivative, and 2:2’ -diamino-4- hydroxy-, 
diacetyl derivative, 161. 

4-Methoxydiphenylsulphone, 3-chloro-, 906. 

3-Methoxy-4-ethoxybenzoic acid, 5-bromo-, and its 
ethyl ester, 1166. 

4-Methoxy-3-ethoxybenzoic acid, and 5-bromo-, 
its methyl ester, 1167. 

2-Methoxy-2’-ethoxydiphenyl ether, 1165. 

2-Methoxy-3-ethoxydiphenyl ether, 1168. 

3-Methoxy-2-ethoxydiphenyl ether, 1166. 

7-Methoxy-4-ethoxy-3 -keto-1:2-cyclopentenophen- 
anthrene, 1403. 

7-Methoxy-4-ethoxyphenanthrene-1-8-propionic-2- 
carboxylic acid, and its methyl] ester, 1403. 
ot a ra a ee acid, and its ethers, 


7-Methoxy-4-ethoxy-1:2:3:4-tetrahydrophenanthrene- 
1-8-propionic-2-carboxylic acid, 1404. 

6-Methoxyflavone, 5-hydroxy-, 961. 

7-Methoxyflavone, 8-hydroxy-, and its acetyl deriv- 
ative, 961. 

8-Methoxyflavone, 5-hydroxy-, synthesis of, 1922. 

4-Methoxy-7-formylcoumarone, 6-hydroxy-, and its 
2:4-dinitrophenylhydrazone, 932. 

4-Methoxy-7-formylcoumarone-2-carboxylic acid, 6- 
hydroxy-, and its ethyl ester, and its 2:4-dinitro- 
phenylhydrazone, 931. 


and 
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6-Methoxy-2-formyl-3:7-dimethylcoumarone, and _ its 
2:4-dinitrophenylhydrazone, 1600. 

6-Methoxy-2-formyl-2-methylcoumarone, and its 2:4- 
dinitrophenylhydrazone, 1597. 

7-Methoxy-5:6:4’:5’-furocoumarin-2’-carboxylic acid, 
ethyl ester, 932. 

is haem tees: acid, 


4-Methoxycycloheptanone, and its derivatives, 188. 
4-Methoxycyclohexanone, derivatives of, 188. 
5-Methoxyhydrindene-1-spirocyclohexane, 177. 
5-Methoxy(or hydroxy)-1-[2’-amino-4’-hydroxy(or meth- 
oxy)phenyl]}-2-methylbenziminazole, and its diacetyl 
derivative, and chloro-, 162. 
2-Methoxy-2’-methyl-a-azonaphthalene, 1315. 
6-Methoxy-3-methylcoumarone-2-acetic acid, and its 
amide, 1598. 
6-Methoxy-3-methylcoumarone-2-pyruvic acid, 
its oxime, 1598. 
4-Methoxy-4’-methyldiphenylamine, 2:2’-diamino-, di- 
acetyl derivative, and 2:2’-dinitro-, 160. 
Methoxymethyleneacetophenone, 121. 
4-Methoxy-5:6-methylenedioxybenzene, 
bromo-, 442. 
2-Methoxy-3:4-methylenedioxyphenylacetaldehyde, de- 
rivatives, 441. 
2-Methoxy-3:4-methylenedioxyphenylacetic acid, 441. 
4-Methoxy-2:3-methylenedioxypropenylbenzene, and 
5:6:a:B-tetrabromo-, 442. 
2-Methoxymethylethyl-c-tetralones, and their semi- 
carbazones, 942. 
4-Methoxy-7-methylhomophenalene, 790. 
4-Methoxy-6-methylnaphthalene, 1-bromo-, and di- 
bromo-, 797. 
f~4-Methoxy-6-methyl-1-naphthylethy! alcohol, 797. 
8-Methoxy-1-methylphenanthrene, and its derivatives, 
787, 791. 
2-Methoxy-?-methylphenazine, 161. 
1-4’-Methoxy(or methyl)phenyl-5-methyl(or methoxy)- 
2-methylbenziminazole, 1-2’-amino-, acetyl deriv- 
ative, 161. 
5-Methoxy-2-methylthiophen-3-carboxylic acid, 
its ethyl ester, 1117. 
2-Methoxynaphthalene, 6-amino-, 6-acetyl derivative, 
1399. 


and 


1:2:3-tri- 


and 


5-Methoxynaphthalene, 1-iodo-, 789. 

4-Methoxynaphthalic anhydride, 792. 

2-(1’-Methoxy-2-naphthoyl)-3:6-diphenylbenzoic acid, 
methyl ester, 400. 

2-(5-Methoxy-£’-naphthoyl)-8: 6-diphenylbenzoic acid, 
2-1’-hydroxy-, 400 

“<< 6”-Methoxy-f-naphthoyl)-2: 6-diphenylbenzoic acid, 


1-2 Sieinen-6" -naphthoyloxy-2-acetonaphthone, 
1680. 


5-Methoxy-1-naphthylamine, 788. 

2-(3’-Methoxy-2’-naphthyl)-7:8-benzochromone, 1681. 

Methoxy-2’-naphthylbenzochromones, 1683. 

1-Methoxy-2-naphthyl af-dibromo-f-(6-bromo-3:4- 
methylenedioxyphenyl)ethy] ketone, 4-bromo-, 97. 

1-Methoxy-2-naphthyl «a-bromo-f-ethoxy-f-(6-bromo- 
3:4-methylenedioxyphenyl)ethyl ketone, 4-bromo-, 
97 


1-Methoxy-2-naphthyl a-bromo--methoxy-f-(6- 
bromo-3:4-methylenedioxyphenyl)ethyl ketone, 4- 


bromo-, 97. 

2-Methoxy-2-naphthyl 6-bromo-3:4-methylenedioxy- 
styryl ketone, 96. 

1-Methoxy-2-naphthyl .:6-dibromo-3:4-methylenedi- 
oxystyryl ketone, 4-bromo-, 97. 

y-5-Methoxy-l-naphthylbutyric acid, cyclisation of, 


790. 
B-(6’-Methoxy-1’-naphthyl jethylcyclohexane-2:6-dione, 
preparation of, 1741. 
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Methoxynorpicrotic acid, and its methyl ester, 942. 

7-Methoxy-1:2:3:4:9:10:11:12-octahydrophenanthrene- 
1-8-propionic-2-carboxylic acid, 1402. 

7-Methoxy-1:2-cyclopentenophenanthrene, 4:3’-dihydr- 
oxy-, and its 4-acetyl derivative, 1400. 

2-Methoxyphenazine, 161. 

2-Methoxyphenoxarsine, 10-chloro-, 1723. 

3-Methoxyphenoxyacetone 2:4-dinitrophenylhydr- 
azone, 1597. 

B-m-Methoxyphenylethylcyclohexane, 176. 

B-m-Methoxyphenylethylcyclohexanol, and its 3:5- 
dinitrobenzoate, 176. 

B-m-Methoxyphenylethyl-4'-cyclohexene, 176. 

Ng > mnmeannenemes hydrochlor- 
ide, 1746. 

B-2-(5-p-Methoxyphenylfuryl)ethylcarbamic 
methyl ester, 1746. 

B-2-(5-p-Methoxyphenylfuryl)propionic acid, and its 
derivatives, 1746. 

5- and 7-Methoxy-8-8-phenylpropionyl-2:2-dimethyl- 
chromans, hydroxy-, and their derivatives, 1260. 

2-(y-m-Methoxyphenylpropyl)cyclopentanone, and its 
derivatives, 1405. 

2-( y-m-Methoxyphenylpropyl)cyclopentanone-2-carb- 
oxylic acid, ethyl ester, and its semicarbazone, 1404. 

p-Methoxyphenyl-2-pyridylearbinol, and its phenyl- 
urethane, 812. 

B-2-(5-p-Methoxyphenylpyrryl)propionic acid, and its 
derivatives, 1746. 

N-4'-Methoxyphenylquincneimine, 3: N-2’-diamino-, 
diacetyl derivative, 161. 

B-2-(5-p-Methoxyphenylthienyl)ethylamine, 
atives of, 1747. 

B-2-(5-p-Methoxyphenylthienyl)ethylcarbamic 
methyl ester, 1746. 

B-2-(5-p-Methoxyphenylthienyl)propionic acid, and its 
derivatives, 1746. 

4-Methoxyphthalic acid, preparation of, and 5-amino-, 
5-iodo-, and 3-nitro-, methyl esters, 1162. 

5-Methoxyphthalic acid, 3-bromo-4-hydroxy-, and its 
methyl ester, 1163. 

Methoxy-p-terphenyls, 1285. 

> 4 elmeeenrentredateneectabient 
acid 


B-(5-Methoxy-1:2:3:4-tetrahydro-1-naphthyl)ethyl alco- 
hol, and its 3:5-dinitrobenzoate, 789. 

B-(5-Methoxy-1:2:3:4-tetrahydro-1-naphthyl)ethyl- 
malonic acid, 790. 

7-Methoxy-1:2:3:4-tetrahydro-1:2-cyclopentenophen- 
anthrene, 4-hydroxy-, and its p-nitrobenzoate, 1401. 

7-Methoxy-1:2:3:4-tetrahydrophenanthrene, and _ its 
picrate, 175. 

3-Methoxytoluene, 2:5:6-irihydroxy-, and its 2:5:6- 
triacetyl derivative, 1455. 

5-Methoxy-p-toluic acid, 2:6-dichloro-3-hydroxy-, and 
its methyl ester, 283. 

3-Methoxytoluquinone, 6-hydroxy-, and its acetyl 
derivative, 1456. . 

5’-Methoxy-2:2’:2’-trimethylchromano-9’:7’:5:6-y- 
pyrone, 1259. 

6-Methoxy-2:3:7-trimethylcoumaran, 1600. 

6-Methoxy-2:3:7-trimethylcoumarone, 1600. 

6’-Methoxy-3’:7’:3-trimethyl-2’:3’-dihydrobenzo- 
furano-(2’:3’:5:4)-(2’:3’:§:4)-42>-cyclohexadienone-2- 
carboxylic acid, 1601. 

Methyl carbonate, dipole moment and structure of, 

1118. 

groups, bond length of, with aromatic carbon, 1324. 
ssonitrile, co-ordination by, 1105. 

2-Methyl-6- and -8-acetonaphthones, and their deriv- 
atives, 793. 

2-Methyl 3:4-acetone f-1:6-anhydrogalactopyranose, 
389. 

3-Methylacridone-6-carboxylic acid, 139. 


acid, 


deriv- 


acid, 
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Methylamine, alcoholic, action of, on benzoquinone 
and toluquinone derivatives, 1446. 

thermal decomposition of, 501. 

Methylamines, thermal decomposition of, 495, 1360. 

2-Methylamino-5-hydroxy-3-methoxy-1:4-benzoquin- 
one, and its methylamine salt, 1454. 

Ce SER See ae eae 
1456. 

Op netinn SitreD Seen ee oe 

455. 

3-Methylamino-6-hydroxy-2:5-toluquinone, 1455. 

2-Methyl f-1:6-anhydrogalactopyranose, 389. 

4-Methyl anhydrogalactose phenylosazone, 1737. 

3-Methyl /-arabinose phenylosazone, 754. 

3-Methyl d-arabo-ascorbic acid, 247. 

O-Methylartabotrine, and its derivatives, 995. 

N-Methylartabotrinine, 997. 

cis-m=-Methylazobenzene, 1313. 

8-Methyl-1:2-benzanthracene, 270. 

10-Methyl-1:2-benzanthracene, 10-chloro-, and 10- 
hydroxy-, 804. 

(2-Methy]-3:4-benz-1-benzoxazole)(2-methyl-1-benz- 
thiazole)methincyanine p-toluenesulphonate, 150. 

1“ . 4’)Methyl-5:6-benzhydrindone-1-spirocyclohex- 
ane, 173. 

4-Methylbenzhydrylamine d-bromocamphorsulphon- 
ate, 1959. 

N-4-Methylbenzhydrylaminoacetic acid. 1959. 

2-Methylbenzthiazolone, 4-chloro-, 472. 

a alcohol, and its tartranilates. 


Methyl-n-butylamine hydrochloride, 1789. 

4-Methyl-iert.-butylaminoazobenzene, 4’-nitro-, 1385. 

4-Methyl-6-butylcoumarin, 5-hydroxy-, 1253. 

Methylcarbostyrils, 1861. 

N-Methyl-N-cetylaniline hydrochloride, 5. 

Methylcholestanol, dehydrogenation of, 794. 

4-Methylcoumarin, 5-hydroxy-, butyryl and propionv! 
derivatives, 1252. 

5-Methylcoumarone, condensation product of, 279. 

Methyldibromogold, 766. ; 

e-Methyl-af-dihydrogeranic acid, B-hydroxy-, and its 
ethyl ester and oxide, 438. 

espera pataaeammmarininanabt acid, 

47. 

7-Methyl-3:4-dihydro-1-naphthoic acid, 947. 

N-Methyldihydroniquidine, 245. 

5:4'(1’-Methyl-1’:4’-dihydroquinolylidene)-3-ethyl- 
rhodanine, 1013. 

1:4’-(1’-Methyl-1’:4’-dihydroquinolylidene)-2-keto-1:2- 
dihydrothionaphthen, 1013. 

1-Methyl-3:5-dimethylcyc/ohexanol, 1-hydroxy-, 188. 

5-Methyldiphenyl, 2-nitro-, 1292. 

4’-Methyldiphenyl sulphide, 5-chloro-2-nitro-, 905. 

5-Methyldiphenyl ethers, 2-amino-, and 2-nitro-, 1723. 

4’-Methyldiphenylamine, 2:2’-diamino-4-hydroxy-, di- 
acetyl derivative, 162. 

2-Methyldiphenyl-4’-carboxylic acid, 1287. 
‘-Methyldiphenylsulphone, 5-chloro-2-nitro-, 905. 

Methyldisilylamine, preparation and properties of, 
819. 

9-Methyldodecahydrophenanthrene, 850. 

Methylene groups, reactive, and nitroso-compounds, 
1428. 

Methyleneacetophenone, hydroxy-, alkyl ethers of, 
120. 


Methylenebismethyl-n-propylamine, 1788. 
Methylenebisthioacetic acid, ethyl ester, self-con- 
densation of, 347. 
3’:4’-Methylenedioxy-7:8-benzoflavone, 6’-mono- and 
6:6’-di-bromo-, 98. 
3’:4’-Methylenedioxy-1-benzylidene-5:6-benzocoum- 
aran-2-one, 6’-bromo-, 98. 
3:4-Methylenedioxydibenzoylmethane, 6-bromo-, 98. 
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6:7-Methylenedioxy-1-(3’:4’-methylenedioxyphenyl)- 
2:3-dihydroxymethyl-1:2:3:4-tetrahydronaphthalene, 
and its anhydride, 1240. 

6:7-Methylenedioxy-1-(3’:4’-methylenedioxyphenyl)- 
faa tare gaaen acne remain iemmenarars acid, 

Methyleneimines, cyclic, 1787. 

p-Methylethylaminophenetole picrate, 1170. 

f-Methylethylanisoylpropionic acids, and their semi- 
carbazones, 942. 

y-Methylethylanisylbutyric acids, 942. 

1-Methyl-1’-ethyl-2:2’-azacyanine iodide. See (1- 
Methyl-2-quinoline)(1-ethyl-2-quinoline)azamethin- 
cyanine iodide. 

one aneieonenneen and its derivatives, 


2-Methyl-6-ethylnaphthalene, and its derivatives, 793. 

2-Methyl-4-ethylresorcinol, preparation of, 134. 

4-Methyl-2-ethylresorcinol, di- p-nitrobenzoyl deriv- 
ative, 951. 

1’-Methyi-2-ethylselena-4’-cyanine iodide, 1012. 

1-Methyl-4-ethyl-5:6:7:8-tetrahydronaphthalene, 2- 
hydroxy-, and its p-nitrobenzoate, 941. 

4-Methyl-1-ethyl-5:6:7:8-tetrahydronaphthalene, 2- 
hydroxy-, 942. 

Vere eieiteg genie iodide, and 5-chloro-, 


oP Setat-o-cthatringiiphenstizimeiiatammeninm 
i e, , 
Oeaarn, 928. 
4’-Methylflavone, 6-bromo-, 96. 
p-2-(5-Methylturyl)propionic acid, and its esters, 1747. 
2-Methyl galactose, anilide, 390. 
4-Methyl galactose phenylosazone, 1737. 
B-Methylgalactoside di- and tetra-nitrates, 1870. 
a-Methylglucosaminide hydrochloride, 125. 
f-Methylglucosaminide, derivatives of, 276. 
———_ preparation and configuration 
0) 


Methyl glucoses from muaagintes cellulose, 249. 


B-Methylglycerol meg 

9-Methylisoguanine, 17 

ayer pen ay rotation of, 633. 

2-Methylcycloheptanone, derivatives of, 186. 

Methylcycloheptanones, and their derivatives, 187. 

Methylcyclohexane, structure of, and physical pro- 
perties, 1862. 

Methylcyclohexane-l-a-cyanosuccinic acids, 1-cyano-, 
ethyl esters, 85, 86. 

3-Methylcyclohexanone, molecular refractivity and 

refractive index of, 886. 

5- phenylthiosemicarbazone, 1050. 

Methylcyclohexanones, derivatives of, 186. 

cis- and trans-4-Methylcyclohexyl-1-carbinols, and 
their derivatives, 1245. 

2-Methylnaphthalene, condensation of, with acetyl 
chloride, 792. 

2-Methylnaphthalene, 1-iodo-, 948. 

a- and §-Methylnaphthalenes, spectra of, absorption, 
infra-red, 318. 

o-2’-Methyl-1’-naphthylbenzoic acid, 948. 

3-(6’-Methyl-2’-naphthyl)-4?-cyclopenten-1-one-2- 
acetic acid, 798. 

a- and £-5-Methylnorcholestadienes, 3:6-dihydroxy-, 
diacetyl derivatives, 1003. 

a- and £-5-Methylnorcholestadiene-3:6-diols, 1002. 

5-Methylnorcholestane-3:6-diol-11-one-8:9-oxide, 1002. 

5-Methylnorcholestane-3:6-dione-8:9-oxide, and _ its 
o-tolylsemicarbazone, 1001. 

5-Methylnorcholestane-8:9-oxide, 3:6-dihydroxy-, di- 
acetyl derivative, 1001. 

5-Methylnorcholestane-3:6:11-trione-8:9-oxide, 1002. 

5-Methylnorcholestan-11-one-8:9-oxide,  3:6-dihydr- 
oxy-, diacetyl derivative, 1002. 


ether, 949. 
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as -~ spataillimeenemmabaniraen constitution of, 

8. 

5-Methyl-4**-norcholestene-3:6:11-triol, 1001. 

5-Methy!-4**-norcholesten-1l-ol, 3:6-dihydroxy-, di- 
acetyl derivative, 1002. 

O-Methylnor-m-hemipinic acid, 1163. 

1-Methyloctahydrophenanthrene-1-carboxylic acid, 
and its methyl ester, 1301. 

1-Methyl-2-sec.-isooctyl-4'-cyclopentene, 1548. 

7-Methyl-1:2-cyclopentenophenanthrene, and its deriv- 
atives, 798. 

2-Methyl-4'-cyclopentenylacetic acid, 797. 

vate eeeneecrmearran and its semicarbazone, 

549. 

Methylphenoxarsines, 10-chloro-, 1723. 

Methyl f-phenyl-f-anthronylethyl ketone, 948. 

1:9-(4’-Methylphenylene)carbazole, and its deriv- 
atives, 1951. 

4’-Methylphenylquinoneimine, 3:N-2’-diamino-, di- 
acetyl derivative, 162. 

5-Methylphthalaz-1:4-dione, 837. 

2-Methyl-2’-isopropenylfuro(4’:5’:6:7)chromone, 936. 

2-Methyl-6-propionaphthone semicarbazone, 794. 

4-Methyl-6-propylcoumarin, 5-hydroxy-, 1252. 

2-Methyl-2’-isopropyl-2’:3’-dihydrofuro(4’:5’:6:7)- 
chromone, 936. 

9-Methylpurine, 2-chloro-6-amino-, 1786. 

Methylquinoline oxides, salts of, 1861. 

2-Methylquinoline. See Quinaldine. 

4-Methylquinoline, 2-thiol-, preparation of, 1323. 

7-Methylquinoline, 2-chloro-, and its picrate, 1861. 

toca synthesis of, and its derivatives, 
361 


(1-Methyl-2-quinoline)(1-ethyl-2-quinoline)azamethin- 
cyanine iodide, 148. 
(1-Methyl-2-quinoline)(2-methyl-1-benzthiazole)- 
methincyanine iodide, 150, 1013. 
2-O-Methylresacetophenone 2: 4-dinitrophenylhydr- 
azone, 929. 
Methylsarsasapogenin, dehydrogenation of, 794. 
4-Methylsulphonylpyridine, 875. 
Methyl-p-terphenyls, 1283. 
O-Methyltetrahydroeuparin, and its derivatives, 928. 
4-Methylthiazole, 5-cyano-, and its hydrochloride, 445. 
4-Methylthiazole-5-aldehyde, and its derivatives, 445. 
4-Methylthiazole-5-carboxylic acid, amide and ethyl 
ester of, 444, 
a? EeePperen dihydrochloride, 
B-(4-Methylthiazole-5)-propionic acid, a-amino-, 443. 
1-Methylthiobenzthiazole, absorption spectrum and 
structure of, 1321. 
quaternary salts, reactivity of methylthiol group in, 
470. 
1-Methylthiolbenzoxazole, 149. 
1-Methylthiolbenzthiazole, and its derivatives, 148. 
Methylthiolnaphthoxazoles, 149. 
2-Methylthiolquinoline, and its derivatives, 147. 
1-Methylthio-4-methylbenzthiazole, 472. 
2-Methylthio-4-methylquinoline, 1323. 
2-Methylthio-6-methylquinoline picrate, 1861. 
2-Methylthio-1-methylquinolinium picrate, 1861. 
2-Methylthiophen-3-carboxylic acid, 5-hydroxy-, and 
its ethyl ester, ethers of, 1117. 
4-Methylthiopyridine, and its salts, 875. 
oe y~p-tolylpentyl ketone and its semicarbazone, 


Methyluric acids, 1371. 
N-Methyl-p-xylidene, 3:5-dinitro-, 1444. 
Micro-organisms, formation of organo-metalloidal 
compounds by, 163. 
Miro tree. See Podocarpus ferrugineus. 
Mitragyne speciosa, alkaloids of, 986. 
Mitragynine, and its derivatives, 986. 
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Molecular dissymmetry in benzene series due to 
restricted rotation, 460. 

Molecules, flexible, polarisation of, 347. 

Myristicinaldehyde 2:4-dinitrophenylhydrazone, 443. 

Myristicin glycol, 443. 

a-Myristodidecoin, 1520. 

B-Myristodidecoin, 1142. 


Naphthacene-11:12-quinone, 1:2:3:4-tetrachloro-9:10- 


dihydroxy-, and 1:2:9:10-tetrahydroxy-, 401. 
aB-Naphthalaz-1:4-dione, 837. 
£8-Naphthalaz-1:4-dione, and 6-amino-, and 6-nitro-, 

and their sodium salts, 837. 

B-Naphthaldehyde, preparation and derivatives of, 

200 


Naphthalene, spectrum of, absorption infra-red, 318. 
Naphthalene, 1:2-dichloro-4-nitro-, 346. 
cyano-derivatives, group migration in, 253. 
halogenonitro-derivatives, reactions of, with arom- 
atic thiols, 1094. 
1:2-disubstituted derivatives, 
345. 
Naphthalene-1’-azosalicylic acid, chromic salt, 834. 
Naphthalene-7-sulphonic acid, 2-cyano-, potassium 
salt, 254. 
ee acid, preparation of, 
1037. 
Naphthaquinones, naturally-occurring, spectra of, 
absorption, and their derivatives, 878. 
B-Naphthil, 200. 
B-Naphthoin, and its derivatives, 200. 
a-Naphthol, 5-amino-, acetyl derivative, 788. 
1-Naphthonitrile-7-amidine hydrochloride, 256. 
a- and £-Naphthoxazoles, 1- and 2-thiol, 149. 
2-a-Naphthoyl-3:6-diphenylbenzoic acid, 394. 
2-2’-Naphthoyl-3:6-diphenylbenzoic acid, 2-1’-hydr- 
oxy-, and its acetyl derivative, 400. 
2-2’-Naphthoylnaphthalene-3-carboxylic 2-1’- 
droxy-, 400. 
Naphthoyloxy-2-acetonaphthones, 1680. 
Naphthyl alky] sulphides, amino-, and nitro-, 126. 
ant uinony] sulphides, nitro-, 1096. 
ethyl and methyl sulphides, amino-, and nitro-, 126. 
nitronaphthyl sulphides, 1095. 
B-Naphthylacetic acid, 201. 
§-2-Naphthylacrylic acid, a-amino-, 
ative, and its ethyl ester, 200. 
Naphthyl p-alkoxystyey ketones, reactivity of, and 
their dihalides, 96. 
a-Naphthylamine, 3-iodo-2-amino-, acetyl derivative, 
stannichloride, 346. 
B-Naphthylamine, 3-iodo-l-nitro-, and 1-nitro-, 3- 
mercuriacetate, 
a- and £-Naphthylamines, nitration of, in presence of 
urea, 348. 
3-8-Naphthylamino-N-f-naphthylphthalimide, 137. 
3-8-Naphthylamino--phenylphthalimide, 137. 
3-8-Naphthylaminophthalhydrazide, 139. 
N-1’-Naphthyl-2-aminopyridine, N’-2’:4’-dinitro-, 1064. 
Naphthyl-7:8-benzochromones, 1680. 
2-2’-Naphthyl-6:7-benzochromone, 1683. 
2-2’-Naphthyl-7:8-benzochromone, 2-3’-hydroxy-, and 
its acetyl derivative, 1681. 
2’-Naphthylbenzochromones, hydroxy-, 
acetyl derivatives, 1683. 
2-Naphthyl af-dibromo-f-(6-bromo-3:4-methylenedi- 
oxyphenyl)ethyl ketone, 4-bromo-l-hydroxy-, and 
l1-hydroxy-, l-acetyl derivative, 97. 
4-2’-Naphthyl-6-(6”-bromo-3”:4’-methylenedioxy- 
phenyl)-4°-cyclohexen-2-one-1-carboxylic acid, 4-1’- 
hydroxy-, ethyl ester, 97. 


3-substitution in, 


acid, 


benzoyl deriv- 


and their 
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2-Naphthyl 6-bromo-3:4-methylenedioxystyryl ketone, 
4-bromo-l-hydroxy-, and 1-hydroxy-, and its acety] 
derivative, 96. 

MP car re em racer acid, 7-8-6’-hydroxy-, 


2: . = and 2:7-Naphthylenediamidine dihydrochlorides, 
255, 2 
f-1’-Naphthylethylcyclohexane-2:6-dione, 1741. 
f-Naphthylideneacrylic acid, a-cyano-, ethyl ester, 200. 
B-Naphthylidenemalonic acid, 200. 
B-Naphthylmethylmalonic acid, 200. 
3-(8-Naphthylmethyl)quinoxaline, 2-hydroxy-, 201. 
“ae acid, 3-6’- 
N-B-Naphthylphthalimide, 3-chloro-, 136. 
B-Naphthylpyruvic acid, 201. 
Nickel chloride, equilibrium of, with cadmium chloride 
and water, 646. 
with cadmium and sodium chlorides and water, 
653. 
l-Nicotine, effect of, on rotation of ethyl tartrates, 962. 
Niquidine, 240 
constitution of, and its derivatives, 1294. 
tsoNiquidine, 244. 
Nitogenin, and its derivatives, 800. 
diNitro-compounds, detection in, of m-orientation, 
920. 
polyNitro-compounds, complex formation by, 1858. 
with aromatic hydrocarbons and bases, 98, 972. 
Nitrogen compounds, tervalent, optically active, 
preparation of, 1945. 
Nitrogen 7 (nitric oxide), reaction of, with 
oxygen, 5. 
Nitric acid, reaction of, with sulphur monoxide, 600. 
Nitrous acid, reaction of, with sulphur monoxide, 
600. 
Nitrogen organic compounds, Fane of, 12, 17. 
Nitro-groups, determination of, in organic compounds, 
403. 
Nitroso-compounds and reactive methylene groups, 
1428. 
aromatic, identification of, 1442. 
Nonane-1:9-dicarbonamidoxime, 1255. 
p-n-Nonyloxybenzoic acid, polymorphism of, 424. 
trans-p-n-Nonyloxycinnamic acid, polymorphism of, 
425. 
z-Norestrone, and its acetate and methyl ether, 1402. 
synthesis of, 1394. 
Norpicrotic acid, and its esters, and hydroxy-, and its 
ethyl ester, 941. 
Nudicaulin, and its chloride, 1465. 


Oo. 


Obituary Notices :— 
James Aloysius Audley, 203. 
George Barger, 715. 
Edward Richards Bolton, 722. 
Sir William Waters Butler, Bart., 1224. 
Matthew James Cannon, 203. 
Charles Claude Carpenter, 204. 
William Alfred Davis, 1225. 
John Thomas Dunn, 723. 
Edward Charles Edgar, 205. 
Arthur Josiah Hoffmeister Gauge, 207. 
Herbert John George, 1640. 
William Selten Gilles, 725. 
Alfred John Greenaway, 207. 
Francis Wood Hardy, 725. 
Alan Haythornthwaite, 209. 
David Lloyd Howard, 1226. 
Henry Francis Everard Hulton, 1227. 
George Nevill Huntly, 209. 
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Obituary Notices:— 

Arthur Hutchinson, 210. 

Léon Antonin Jaloustre, 1228. 

Moses William Jones, 1641. 

William Edward Kay, 726. 

Albert Theodore , 1228. 

Patrick Henry Kirka d » 213. 

Arthur William Knapp, 726. 

Alec Lawrence, 727. 

Thomas Edward Lescher, 1230. 

Alfred Courtenay Luck, 728. 

Stevenson John Charles George Macadam, 728. 

Kendall Morgan Madigan, 729. 

William Henry Merrett, 214. 

Emile Mond, 729. 

Sir Robert Mond, 215. 

Charles Edward Munroe, 731. 

Alexander Macgillivray Nelson, 1230. 

John Paterson, 1641. 

Ardeshir Naservanji Peston-Jamas, 219. 

George Arthur Pingstone, 1231. 

Bertram Prentice, 219. 

Eloi Ricard, 1232. 

Hubert Naylor Bardsley Richardson, 732. 

Latimer Alexander Rumble, 1232. 

Alexander Scott Russell, 1233. 

Harcourt Henry Benjamin Shepherd, 732. 

Kotaro Shimomura, 221. 

Arthur Smithells, 1234. 

Thomas Stevenson, 733. 

U Tin, 223. 

Frederick Woodland Toms, 221. 

Alfred Edwin Howard Tutton, 734. 

Dennis Tyrrell, 737. 

Hermann Theodore Vulté, 223. 

Sidney Williamson, 1236. 
4-Octylaminoazobenzene-4’-arsonic acid, 4. 
Octadeuteronaphthalene, 430. 

Octahydrochrysene, and its trinitrobenzene complex, 

797. 
1:2:3:4:5:6:7:8-Octahydrophenanthrene, detection of, 

and its derivatives, 1364. 
1:2:3:4:9:10:11:12-Octahydrophenanthrene, cis-7-hydr- 

oxy-, and its derivatives, 175. 
as-Octahydrophenanthrene, stereochemistry of, 168. 
Octahydrorottlerone, 1584. 

Octahydrowllorottlerone, 1593. 
Octamethyl di-idose, 1072. 
ols, optically active and racemic, physical 

data for, 1789. 

(—)-f-n-Octyl alcohol, and its tartranilate, 639. 
a-sec.-isoOctyladipie acid, 1548. 
N-n-Octylaminodiazoaminobenzene, 4’-nitro-, 1385. 
y-sec.~isoOctyl-y-butyrolactone, 1547. 

een Sea acid, polymorphism of, 

425 
sec. Pye ae 9am mers derivatives of, 1544. 

2-sec.-isoOctylcyclopentanone, and its 2:4-dinitro- 

phenylhydrazone, 1548. 
2-sec.-1soOctylcyclopentanone-2-carboxylic acid, ethyl 

ester, 1548. 
n~Octylurethane, 186. 

Oils, essential, Indian, constituents of, 1504. 
Olefins, addition of bromine to, 224. 
<a. compounds, addition of bromine to, 


eddition of bromine chloride, chlorine, and iodine 

chloride to, 1509. 
Oleic acid, calcium and magnesium salts, effect of, on 

interfacial and surface tensions, 619. 

ethanolamine salt, solubility of water in benzene 
solutions of, 53. 

purification of, and its equilibria in mixtures with 
other higher ‘fatty acids, 974, 
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Optical activity, due to difference between deuterium 
and hydrogen, 431. 
in relation to valency of palladous atoms, 1754. 
Optically active compounds, rotation of, influence of 
solvents on, 962. 
Orcinol dimethyl ether, 2:6-dichloro-, 282. 
Organic compounds, long-chain, substituted and un- 
saturated, films of, built-up, 777. 
spectra of, absorption, and unsaturated linkings, 
1177 
Organo-metalloidal compounds, formation of, by 
micro-organisms, 163. 
m-Orientation, detection of, 920. 
tor acid, methyl ethers, halogen derivatives, 
80. 
Ortho-effect, 1348, 1364. 
Osmometer, 660. 
Osmotic pressure in biochemical and chemical science, 
707. 


of polysaccharide solutions, 660, 664. 
Oxidation, electrolytic. See Electrolytic oxidation, 
mechanism of, 1805. 
oo. non-stoicheiometric, 55. 
-Oximino-ethers, 769, 773. 
ee 1908. 
Oxygen, determination of, in iron and steel by vacuum- 
fusion method, 631. 
energy of chlorine bond to, 1332. 
heat of ane meng of, on manganese oxide, 861. 
heavy, use of, as isotopic indicator in ester hydro- 
lysis, 838. 
reaction of, with nitric oxide, 5. 


P. 


Palladium films, single-crystal, and their heat treat- 
ment in gases and in vacuo, 406 
— ous atoms, 4-covalent, valency configuration 
of, 1754. 
chloride, dehydrogenation by, 873. 
8-Palmitamido-6-methoxyquinoline, 4. 
Palmitic acid, amide, anilide, and methy] ester, binary 
systems of, with amide, anilide, and methyl ester 
of stearic acid, 615. 
equilibrium of, with elaidic and oleic acids, 974. 
purification of, 615. 
a-Palmitodidecoin, 1520. 
B-Palmitodidecoin, 1142. 
a-Palmitodistearin, pumerion of, 578. 
N-Palmitoylarsanilic acid, 3 
Papaver nudicale, yellow pigment of, 1465. 
Parachor in binary mixed liquids, 79. 
Paraffins, dthalogeno-derivatives, formation of quater- 
nary ammonium salts from, in acetone, 412. 
a eee reaction of, with tertiary amines, 


Parasantonide, circular dichroism and ~ rotatory 
dispersion of, in ultra-violet, 889. 
Pea-nuts, araban from, and its acetate, 452. 
Pectic substances, 452, 454, 1865. 
Penicillium, formation of organo-metalloidal com- 
pounds by, 163. 
Pentacene-11:12-quinone, 13:14-dihydroxy-, 401. 
Pentadeuterobenzophenone, 1961. 
a-Pentadeuterophenylbenzylamine, resolution of, 1960. 
cycloPentadiene, association of, 870. 
- marten tetrachloride and in pure liquid state, 


expo decomposition of, 1770. 
ymerisation of, 1761. 

solubility of, in paraffin, 371. 
cycloPentadiene compounds, identification of, 1442. 
cycloPentadienebenzoquinone, decomposition of, 375, 
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cycloPentadiene-a-naphthaquinone, decomposition of, 
375. . 

O-Pentamethyldihydroallorottlerin, 1592. 

O-Pentamethylallorottlerin, 1591. 

O-Pentamethyltetrahydroal/orottlerin, 1591. 

Pentane-1:5-dicarbonamidoxime, and its dihydro- 
chloride, 1255. 

cycloPentylmethylacetoacetic acid, ethyl ester, 1549. 

Perchloroethylene. See Ethylene, tetrachloro-. 

. Perhydrodiphenic acid, methyl! ester, 855. 

Perhydrodiphenic acids, stereoisomerism of, and their 
anhydrides, 850, 856. 

Perhydrofluorenone semicarbazone, 857. 

Perhydrophenanthrene, 2-hydroxy-, and its deriv- 

atives, and 2:10-dihydroxy-, 175. 
9-hydroxy-, 848, 854. 

Perhydrophenanthrenes, 850. 
stereoisomerism of, 842. 

Perhydrorottlerin, 1587. 

Perimidine, amino-, hydrochloride, 256. 

Persulphates. See under Sulphur. 

Phellandrene nitrosites, 466, 1418. 

d-a-Phellandrene nitrosites, 1418. 

Phenacyldimethyltelluronium bromide, 166. 

Phenanthraquin»ne, photochemical reaction of, with 
aromatic aldeh.des, 1430. 

Phenanthrene, derivatives, synthesis of, 1838. 

Phenanthrene, 9:10-dihydroxy-, phenylhydroxy- 
methylene ether, and its derivatives, 1431. 

Phenanthrene series, syntheses in, 787. 

Phenanthrene-9:10-dicarboxylic anhydride, 1841. 

Phenanthridine, dipole moment of, 1392. 

o-9-Phenanthrylmethylbenzoic acid, 493. 

Phenol, m-fluoro-, action of nitrous acid on, 1405. 

Phenols, alkylation of, 1168. 
condensation of, with B-ketonic esters in presence of 

aluminium chloride, 1250. 
condensation products of, with ketones, 195, 1421. 
nitrosation of, 1405. 
Phenols, halogeno-, and nitro-, dissociation constants 
of, 1137. 
m-halogeno-, and their mononitro-derivatives, 
dissociation constants of, 263. 
nitrosation of, and conversion into benzoquinone- 
oximes, 1808. 
nitro-, dissociation constants of, in deuterium 
oxide, 1366. 

Phenol ethers, alkyl higher, sulphonates of, 1828. 

Phenoxarsine, 10-chloro-2-bromo-, 1723. 

Phenoxyl groups, effect of, on merisation and radical 
stability, 26. 

5-Phenoxy-4-methoxy-3-ethoxybenzoic acid, 1167. 

2-Phenoxyphenylarsonic acid, 2-p-bromo-, 1723. 

2-Phenoxyphenyldichloroarsine, 2-p-bromo-, 1723. 

Phenyl, formation of, in photolysis of aceto- and 

benzo-phenones, 589. 

Phenyl f-ethoxyethy] sulphide, 2:4-dinitro-, 1067. 
methy] telluride, preparation of, and its halides, 593. 
nitronaphthyl sulphides, 1095. 

Phenylacetonitrile, condensations of, 771. 

Phenylacetonitrile, oximino-, N-aryl ethers of, 773. 

6-Phenylacetyl-4-methyleoumarin, 5- hydroxy- , and 
its derivatives, 1253. 

Phenyl alkyl ketones, depolarisation potentials of, 546. 

d- = l-a-Phenylallyl alcohols, and their derivatives, 
1697. 

Phenylamino-. See Anilino-. 

N-Phenyl-2-aminoquinoline, NV -2’:4’-dinitro-, 1061. 

N-Phenyl-1-aminoisoquinoline, N-2’:4’-dinitro-, 1062. 

Phenyl-p-anisyldiphenylylearbinol, 305. 

Phenyl-p-anisyldiphenylylmethane, 306. 

Phenyl-p-anisyldiphenylylmethyl, 302. 
chloride and peroxide, 306. 

1-Phenylanthracene, 396. 
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Phenylazo-5:7-isohydroxy-f-phenylpropionyl-2:2-di- 
methylchromans, 1592. 

Phenyl p-benzyloxystyryl ketone, o-hydroxy-, and its 
acetyl derivative, 1004. 

Phenyl p-benzyloxystyryl ketones, reactivity of, 1004. 

Phenyl 6-bromo-f-amino-3:4-methylenedioxystyryl 
ketone, 97. 

Phenyl af-dibromo-8-m-anisylethyl ketone, 95. 

Phenyl af-dibromo-f-p-benzyloxyphenylethyl ketone, 
o-hydroxy-, and its acetyl derivative, 1004. 

ey af-dibromo-f8-5-bromo-o-anisylethyl ketone, 

5. 


Phenyl 5-bromo-f:2-dimethoxystyryl ketone, 95. 

Phenyl 6-bromo-f:3-dimethoxystyryl ketone, 95. 

Phenyl a-bromo-f-ethoxy-8-p-benzyloxyphenylethyl 
ketone, o-hydroxy-, 1005. 

Phenyl 6-bromo-f-ethoxy-3:4-methylenedioxystyryl 
ketone, 98. 

Phenyl a-bromo-f-methoxy-f-p-benzyloxylphenylethy! 
ketone, o-hydroxy-, 1004. 

Phenyl! 5-bromo-2-methoxy-f-ethoxystyryl ketone, 95. 

Phenyl 6-bromo-3-methoxy-f-ethoxystyryl ketone, 95. 

Phenyl 6-bromo-f-methoxy-3:4-methylenedioxystyryl 
ketone, 98. 

Phenyl a-bromo-o-methoxystyryl ketone, 95. 

Phenyl a-bromo-m-methoxystyryl ketone, 95. 

Phenyl 5-bromo-2-methoxystyryl ketone, 94. 

Phenyl a:5-dibromo-o-methoxystyryl ketone, 95. 
4-Phenyl-6-(6’-bromo-3’:4’-methylenedioxypheny])-4*- 
cyclohexen-2-one-1-carboxylic acid, ethyl ester, 97. 
— a:6-dibromo-3:4-methylenedioxystyryl ketone, 


Phenyl af-dichloro-f-(6-bromo-3:4-methylenedioxy- 


phenyl)ethyl ketone, 97. 
9-Phenylearbazole, preparation of, and its derivatives, 
1950. 


9-Phenylcarbazole, 9-2-amino-, 2’:4’-diamino-, and its 
acetyl derivatives, 2’- amino-4’ -cyano-, 4’-chloro-, 
4’-chloro-2’-amino-, 4’-chloro-2’-nitro-, or niteo x 
amino-, and its acetyl derivative, and 2’-nitro-4- 
cyano-, 1950, 1952. 

9-Phenylcarbazole-4’-carboxylic acid, and its ethyl 
ester, and 9-2’-amino-, and 9-2’-nitro-, ethyl esters, 
1953. 

9-Phenylcarbazole-3:6-dicarboxylic acid, and 9-2’- 
amino-, and 9-2’-nitro-, ethyl esters, 1955. 

Phenyl eT he ket- 
one, 97. 

a-Phenyl-a-chloromethylethylene oxide, 185. 

6-Phenylcoumalin-3-carboxylic acid, ethyl ester, 121. 

9-Phenyl-1:2:3:4-dibenzanthracene, 494. 

Phenyldi-n-butylarsine, 1631. 

eee re ee 
naphthalene, 1240 

1-Phenyl-2:5-dimethylbenziminazole, 1-2’-amino-4’- 
hydroxy-, and chloro-]-2’-amino-4’-hydroxy-, 162. 

3’ Fs ia cme pecs tty 8’: :6:5-a-pyrone, 


Phenyl £8-diphenylvinyl ketone, 434. 
o-Phenylenebis(di-n-butylarsine), 612. 
I 


o-Phenylenebis(dimethylarsine), 612. 
ee ee 


dl-p-Phenylenebisiminocamphor, resolution of, 1568. 

1:9-Phenylenecarbazole, syntheses of, and its deriv- 
atives, 1945. 

1:9-Phenylenecarbazole, mono- and di-bromo- and 
iodotrinitro-, 1955. 

1:9-Phenylenecarbazole-3-carboxylic acid, 1954. 

1:9-Phenylenecarbazole-4’-carboxylic acid, 1953. 

1:9-Phenylenecarbazole-3:6-dicarboxylic acid, and its 
ethyl ester, 1955. 
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o-Phenylenediarsine tetrachloride, 612. 

Phenyl-f-ethoxyethylsulphone, 2:4-dinitro-, 1067. 

(—)-a-Phenylethylamine, 919. 

1-8-Phenylethyl-2:6-dimethyl-4°-cyclohexene-2-carb- 
oxylic acid, and its ethyl ester, 1301. 

1-8-Phenylethyl-2-methyl-4°-cyclohexene-2-carboxylic 
acid, and its ethyl ester, 1301. 

Phenyl 7-ethyl-l-naphthyl ketone 2:4-dinitrophenyl- 
hydrazone, 948. 

4-Phenylflavylium chloride, 7:2’:4’-trihydroxy-4-3”:4”’- 
dihydroxy-, 1018. 

2-Phenylfluorenone, and its phenylhydrazone, 395. 

2-Phenylfluorenone-l-carboxylic acid, and its deriv- 
atives, 395. 

B-Phenylfurylethylamine, 1743. 

B-2-(5-Phenylfuryl)ethylamine, derivatives of, 1744. 

ee ye a nea acid, methyl ester, 

44 


p-2-(5-Phenylfuryl)propionic acid, and its derivatives, 
1744. 


2-Phenylcyclohexylideneacetic acid, 175. 

1-Phenyl-2-methylbenziminazole, 1-2’-amino-, 2’- 
acetyl derivative, 160. 

Phenylmethyl-7-butylamine, 2:4-dinitro-, 1789. 

Phenylmethylcarbinol, resolution of, 1156. 

Phenyl 7-methyl-1-naphthyl ketone 2:4-dinitropheny]- 
hydrazone, 947. 

1-Phenyl-3-methyl-4-cyclopentyl-5-pyrazolone, 1548. 

Phenylmethyl-n-propylamine, 2:4-dinitro-, 1788. 

em neat 12-quinone, 9: 10- dihydroxy-, 


Phe 1-naphthyl ketone 2:4-dinitrophenylhydrazone, 


948. 

9-Phenylpentacene-11: 12-quinone, 13:14-dihydroxy-, 

pbfisietp qisiatectisidanitsingheaiinianes, B- 
hydroxy-, 434. 

10-Phenylphenoxarsine-10-oxide-2-carboxylic 
resolution of, and its salts, 1050. 

Phenyl £-phenyl-f-pentadeuterophenylvinyl ketone, 
434. 


Phenyl f-phenyl-f-p-tolylvinyl ketone, 435. 

Phenylphosphoamide, barium salt, 914. 

Phenylphosphoanilide, 915. 

Phenylphosphorylbenzamidine, sodium salt, 915. 

Phenylphosphorylguanine, 915. 

3-Phenylphthalic anhydride, 396. 

N-Phenylphthalimide, 3-chloro-N-p-nitro-, 137. 

Phenyl-2-piperidylearbinol, and its derivatives, 811. 

ere ke acid, and its sodium 

it, 157. 
ea” pees acid, and its sodium 
t, 158. 

B-Phenylpropionic acid, 8-o-bromo-, 796. 
aB-dibromo-f-o-cyano-, 358. 

B-Phenylpropionodimethylamide-p-arsonic acid, and 
its sodium salt, 157. 

B-Phenylpropionoethylamide-p-arsonic acid, and its 
sodium salt, 158. 

B-Phenylpropionomethylamide-p-arsonic acid, and its 
sodium salt, 157. 

B-Phenylpropionopiperidide-p-arsonic acid, and _ its 
sodium salt, 158. 

B-Phenylpropiono-7-propylamide-p-arsonic acid, and 
its sodium salt, 158. 

it peaeaeaicr pane i 5:7-dihydr- 
oxy-, l 

6- and &-p-Phenylproions|-8:2-dimethylchromans, 
5:7-dihydroxy-, 1 

Phenyl-£-pyridylmethylearbinol, and its derivatives, 


@-8-(6-Phonyipyrryijethylamine hydrochloride, 1744. 
eee eats acid, and its derivatives, 


acid, 
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1-Phenylisoquinoline, synthesis of, and its 2:4-dinitro- 
phenylhydrazone, 361. 
B-2-(5-Phenyltetrahydrofuryl)ethylamine 
chloride, 1747. 
1-Phenyl-1:2:3:4-tetrahydronaphthalene-2:3-dicarb- 
oxylic acid, and its esters, 1239. 
5-Phenyl-5:8:9:10-tetrahydro-a-naphthaquinone, 396. 
<-> "an enema and its derivatives, 


. eens oe scummy acid, methy] ester, 


B-2-(5-Phenylthienyl)propionic acid, and its deriv- 
atives, 1745. 
3-Phenylthiodiphenylsulphone, 4-nitro-, 906. 
B-Phenyl-f-p-tolylpropiophenone, B- hydroxy-, 435. 
Phenyl p-tolyl triketone f-anil oxide, 1430. 
Phenyltrimethylammonium iodides, o0-substituted, 
formation of, in methyl-alcoholic solution, 1348. 
Phloroglucinol trimethy] ether, derivatives of, 89. 
Phloroglucinolcarboxylic acid, methyl! ethers, "halogen 
derivatives, 280. 
Phloroisovalerophenone hydrazone, 1603. 
Photochemical reactions, 1430. 
Photolysis of organic nitrogen compounds, 12, 17. 
Phthalaz-1:4-dione, 5- and 6-bromo-, and 6-iodo-, 837. 
Phthalaz-1:4-diones, substituted, luminescence of, 836. 
Phthalic acid, esters, alkylation by means of, 1168. 
Phthalic acids, phenylated, 391. 
Phthalide, and 5-amino-, hydrolysis of, by sodium 
hydroxide, 508. 
Phthalimide, 3-bromo-, 836. 
Phthalocyanines, 1809, 1820. 
halogenation of, 1820. 
Phthalo-4’-ethoxyphenylimide, 1170. 
Phthalo-4’-methoxyphenylimide, 1170. 
a-Picoline, w-di- and -iri-chloro-, 781. 
a-Picolinie acid, decarboxylation of, 809. 
Picrotuxin, 937, 1261. 
Picrotoxinin, hydrogenation of, 1263. 
Picrotoxinone, reduction products of, 940. 
eee stereochemistry of, and of lariciresinol, 
054. 
7-Piperidino-2:4-dibenzenesulphonylbenzene, 906. 
Piperidinodiphenylsulphones, nitro-, 904. 
1-Piperidino-2:4-di-p-tolylsulphonylbenzene, 906. 
5-8-Piperidinoethylamino-7-ethoxyacridine, 3-amino-, 
and 3-nitro-, 478. 
5-8-Piperidinoethylamino-7-methoxyacridine, 3- 
amino-, and 3-nitro-, 477, 478 
5-Piperidino-4’-methyldiphenylsulphone, 2-nitro-, 905. 
4-Piperidinoquinaldine, 6-nitro-, 566. 
Pipettes, drainage of, 325. 
Plants, Argentine, studies on, 1841. 
leguminous, fish poisons from, 812, 1099, 1424. 
Podocarpus ferrugineus, resin from, 1031. 
Poisons, fish, from leguminous plants, 812, = 1424. 
Polarisation, electric, of flexible molecules, 347. 
ae compounds, growth-inhibitory, synthesis of, 


seleted to sterols, 790. 
Polyene series, 1549, 1554, 1556, 1560. 
m- and p-Polyphenols, absorption 8 ra of, 1173. 
Polysaccharides, 581, 585, 951, 1471, 1885, 1899, 1901, 
1904, 1908, 1914. 
derivatives, osmotic pressure of, 660, 664. 
Polyterpenoid compounds, 1267. 
Potassium organic compounds :— 
Potassium 2:2’-dipyridylaurocyanide, 427. 
4:5(0)- eee anide, 428. 
Potential, depolarisation, of phenyl alkyl ketones at 
dropping-mercury caticilen, 546. 
electrostatic, and reaction velocities, 1780. 
Pressure, high, liquid-phase reactions at, 1761, 1770. 
Primetin, structure of, 956. 


hydro- 
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Primetin methyl ether. 
hydroxy 

Propaldehyde, combustion zones of, 1703. 

Propane, inflammation of, in air, 344. 

Propane, halogeno-derivatives, viscosity of, 1343. 

5-isoPropenyl-1:2-benzanthracene, and its derivatives, 
270. 

6-Propionyl-4-methylcoumarin, 5-hydroxy-, and its 
derivatives, 1252. 

5-n-Propoxy-2-methylthiophen-3-carboxylic acid, and 
its ethyl ester, 1117 

n- and iso-Propyl bromides, exchange reactions of, 
with bromine, 1836. 

5-isoPropyl-1:2-benzanthracene, and its derivatives, 
270. 

5-isoPropyl-1:2-benzanthraquinone, 270. 

2-isoPropylcoumaran, 6-hydroxy-, 935. 

2-n-Propyl-3-coumaranone, 6-hydroxy-, 936. 

2-n-Propylcoumarone, 6-hydroxy-, p-nitrobenzoate, 
936. 

2-isoPropylcoumarone, 6-hydroxy-, 935. 

B-Propylglutaric acid, derivatives of, 1297. 

cise and trans-4-isoPropylcyclohexyl-1-carbinols, and 
their derivatives, 1245. 

isoPropylidene groups, determination of, in sugar 
derivatives, 350. 

isoPropylidenedibromoleucodrin, and its derivatives, 
1087. 


See 8-Methoxyflavone, 5- 


isoPropylideneleucodrin dimethyl ether, 1088. 
3:4-isoPropylidene f-methylgalactoside 2:6-dinitrate, 
1870. 
B-3-isoPropylphenylethyl alcohol, 1302. 
B-3-isoPropylphenylethyl bromide, 1302. 
1-8-3-isoPropylphenylethyl-2:6-dimethyl-4*-cyclohex- 
ene-2-carboxylic acid, ethyl ester, 1302. 
2-isoPropylthio-4-methylquinoline, 1323. 
Prototropy in cyclic systems, 567, 1408. 
(d-neo)-isoPulegol, and its derivatives, 1306. 
Pulegone, molecular refractivity and refractive index 
of, 886. 
Purine nucleosides, constitution of, 1369, 1784. 
Pyridine, 2-amino-, long-chain alkyl derivatives of, 
1855. 
4-chloro-, picrate, 877. 
Pyridine-2-aldehyde 2:4-dinitrophenylhydrazone, 782. 
Pyridine-4-sulphonic acid, ammonium and ium 
salts, 876. 
Pyridine-4-thioacetic acid, and its sodium salt, 876. 
1:2-Pyrido-7-amino-4:5-benz-1:3-diazaline, 1060. 
as *~ queallien aaa easier 
1 " 
Pyrido(1’:2’:1:2)benziminazoles, 1067. 
1:2-Pyrido-8:9-benzo-4:5-benz-1:3-diazaline, 1064. 
4-Pyridone, preparation of, and its eagg 875. 
1:2-Pyrido-7-nitro-4:5-benz-1:3-diazaline, 1 
1 1 eeeperemeeniercin 5-benz-1 oF dlenaiinn, 


Pr ST nae RCE 1202. 
1-4’. Pyridylpyridine-4-imine, and its salts, 876. 
1-4’-Pyridyl-4-pyridone, and its salts, 877. 
Pyrocalciferol ‘‘ pinacol ’’ diacetate, 253. 
n= and iso-Pyrocalciferols, structure of, 250. 
Pyrogallol, condensation of, with acetone, 195. 


Q. 


Quillaic acid, and its derivatives, 1130. 

Quinaldine, 6-amino- and 6-bromo-4-hydroxy-, 4- 
chloro-6-amino-, -6-bromo-, and -6-nitro-, 6-chloro- 
4-hydroxy-, and 6-nitro-4-hydroxy-, and their 
derivatives, 564. 

n= and i. inic acids, decarboxylation of, 809. 

Quininic acid amine oxide, 1297. 





Index of Subjects. 


Quinol, hydroxy-, condensation of, with acetone, 
195. 


Quinoline derivatives, 4-substituted, preparation and 
therapeutic properties of, 489. 

Quinoline, 4-chloro-, 2- and 4 ano-, and 4-iodo-, and 
their ethiodides and ehiodtien ’ 1010. 

1-isoQuinoline derivatives, synthesis of, 360. 

n= and iso-Quinolines, spectra of, absorption, infra-red, 
318. 

Quinoline-4-aldehyde, and its picrate, 1242. 

1:2-Quinolo-7-amino-4:5-benz-1:3-diazaline, 1061. 

1:2(2’:1’)-tsoQuinolo-7-amino-4:5-benz-1:3-diazaline, 


1063. 
a 1’)-isoQuinoloamino-4:5-benz-1:3-diazaline, 
1:8-Quinolo-7-amino-B0-benso-46-bene-l 3-diazaline, 
189: (21 }scQuinao-7-amino-8-bens-46-bene-l: 3- 


diazaline, 1066 

1:2-Quinolo-4:5-benz-1: 3-diazaline, 1061. 
1:2(2’:1’)-tsoQuinolo-4:5-benz-1:3-diazaline, 1063. 

1:2-Quinolo-8:9-benzo-4:5-benz-1:3-diazaline, 1065. 
= 21’)-tsoQuinolo-8:9-benzo0-4:5-benz-1:3-diazaline, 


4-Quinolones, bromination of, 784. 
1:2(2’: 1)isoQuinolo-7-nitro-9-amino-4:5-bens-1: 3-di- 
azaline, 1063 


1: pets 1’)-isoQuinolonitroamino-4:5-benz-1:3-diazaline, 


1:5-Quinolo-7-nitro-4:5-bene-1:4-4iesaline, 106 
1:2(2’:1’)-tsoQuinolonitro-4:5-benz-1: o-discaline, 1062. 
—- :1’)-tsoQuinolo-7-nitro-4:5-benz-1:3-diazaline, 


ee Se SO ee eee :3-diazaline, 


148" 1 -iseQuinolo-7-ntro-89-benso-4:5-benr- 3-di- 
p-4- Quinplylaocyiie acid, 1242. 
p-(2-Quinolylamino)benzenesulphonamide, 

hydrochloride, 1202. 
a~-(4-Quinolyl)propane, y-trichloro-8-hydroxy-, 1242. 
Quinovic acid, and its derivatives, 1760. 


and its 


Racemic compounds, resolution of, 1568. 
Radicals, free, 26, 33, 302, 307, 310, 314. 

Reactions, addition, to conjugated systems, 1853. 
exchange, kinetics of, 1279, 1836. 
liquid-phase, at high pressures, 1761, 1770. 
retardation of, 767. 
use of isotopes in, 1188. 

Report of the Council, 682. 

Resacetophenone, Gattermann reaction with, 132. 
2:4-dinitrophenylhydrazone, 1018. 

Resins, natural phenolic, constituents of, 154, 1054, 
1237. 

Resinols, 1303. 
triterpene, 1045, 1075. 

Resonance, steric influences on, 981. 

Resorcinol nucleus, y-substitution in, 132, 300, 949. 

Resorcinol ethers, sulphonic acids of, alcoholysis or 
hydrolysis of, 1834. 

Rice starch. See under Starch. 

Rotation of optically active compounds, influence of 
solvents on, 962. 

Rottlerin, 1257, 1579, 1587. 

Ruban, 5-substituted derivatives, 1241. 

Ruban-5-ol, and its picrate, 1244. 

Rubber, natural, chemistry of, 676. 

Rubidium hydrogen fluorides, 111. 

Rubidium organic compounds :— 
Rubidium triphenylmethoxide, 316. 
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Sabina ketone, and its derivatives, 1415. 
Sabinaketylamine, p-nitrobenzoyl] derivative, 1418. 
d-Sabinol, catalytic hydrogenation of, 1040. 
Salicylanilide, association of, 484. 

Salicylethylanilide, 488. 

Salicylidene-p-aminobenzoic acid, ethyl ester, polarities 

of, in benzene, 1392. 

Salicylidene-m-toluidine, absorption spectrum of, 1461. 

Salicylmethylanilide, 488. 

Salts, hydrated, isomorphous replacement in, 646, 653. 

uni-univalent electrical conductivity of, in acetone, 
1386. 
Salvadora oleoides and persica, seed fats of, 1015. 
Santonide, circular dichroism and rotatory dispersion 
of, in ultra-violet, 889. 

Santonin, addition of magnesium iodide to, 1961. 

Sapogenins, 794, 800, 1124, 1130. 

Sarcostemma Australe, saponin of, 737. 

Sarcostin, and its derivatives, 740. 

Sarsasapogenin o-bromobenzoate, 1201. 

Silane, derivatives of, 819. 

Silane, chloro-, reactions of, with aliphatic amines, 

819. 
Silanes, chloro-, photochemical and thermal oxidation 
of, 1928. 

Silicon hydrides. See Silanes. 

Smilagenin o-bromobenzoate, 1201. 

Smilagenone, m.p. of, 1201. 

Sodium chloride, equilibrium of, with n- and iso- 

butyric acids and water, 742. 
with cadmium, cobalt, and nickel chlorides and 
water, 653. 
heat of solution of, in methanol—water mixtures, 
118. 
Sodium organic compounds :— 
Sodium dodecyl sulphate, electrical conductivity of 
solutions of, in aleohol—water mixtures, 522. 
triphenylmethoxide, 316. 
Solids, adsorption of gases and vapours on, 139. 
Solutions, model illustrating collisions in, 595. 
thermochemistry of, 118. 

Solvents, non-aqueous, acid catalysis in, 1096, 1774. 
ionisation in, 1337. 

Spectra, absorption, and structure of compounds 

containing chains of benzene nuclei, 1170. 
and unsaturated linkings, 1177. 
of cuiphur organic compounds, 1321. 
Spinulosin, bismethylamine salt, 1456. 
Starch derivatives, osmotic pressure of, 664. 
horse-chestnut and-wheat, constitution of, 951. 
rice, constitution of, 1471. 

Stearic acid, amide, anilide, and methyl ester, binary 
systems of, with amide, anilide, and methyl ester of 
palmitic acid, 615. 

equilibrium of, with elaidic and oleic acids, 974. 
purification of, 615. 

a-Stearodidecoin, 1520. 

B-Stearodidecoin, 1142. 

a-Stearodimyristin, 1520. 

B-Stearodimyristin, 1142. 

N-Stearoylarsanilic acid, 3. 

Stearoylquinine hydrochloride, 3. 

Stereochemistry, 108. 

Steroids, 998, 1078. 

Sterols, polycyclic compounds related to, 790. 

synthesis of substances related to, 1394. 

Sterol group, 250. 

Stilbene, 4:4’-dicyano-, 1256. 

Stilbenediamines, 1758. 

Stilbene-4:4’-dicarbonamidoxime, and its dihydro- 

chloride, 1256. 

a-Stilbenediol diacetate, 1432. 


6P 
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Streptocarpus Dunnii, orange pigment from, 1522. 

Structure, determination of, by monolayer measure- 
ments, 177. 

Strychnine, 603. 

Styrene, w-bromo-o- and -p-cyano-derivatives, 357. 

Styrene-o-carboxylic acid, w-bromo-, and its amide, 


359. 
5-Styrylacridine methiodide, 5-m-nitro-, 4. 
Suaveoline, 997. 
Substance, C,,H,,OS, and its derivatives, from B- 
amyrin benzoate and sulphur, 755. 
Substitution, intramolecular, as means of comparing 
activating and de-activating effects, 1720. 
Succinic acid, methyl hydrogen ester, hydrolysis of, 
in heavy oxygen water, 839. 
Sugars, derivatives, determination in, of isopropyl- 
idene groups, 350. 
’-Sulphobenzeneazo-f-naphthol, 2’-hydroxy-, chromic 
and ferric compounds of, 832. 
4’-Sulphonaphthalene-1’:4-azo-1-phenyl-3-methylpyr- 
azol-5-one, 2’-hydroxy-, chromic salt, 833. 
5-Sulphonylanilino-7-methoxyacridine,  3-nitro-5-p- 
amino-, 477. 
Sulphur, radioactive, for biochemistry, 1292. 
sols, ionic interchange in, 296. 
Sulphur monoxide, preparation and determination of, 
and its reaction with nitric and nitrous acids, 600. 
trioxide, sulphonation of nitrobenzene by, 1372. 
Sulphurous acid, reaction of, with iodic acid, using 
constant sulphite solution, 675. 
Sulphites, preparation of solutions of, of constant 
value, 506. 
Persulphates, reaction of, with iodides, 463, 
Sulphur organic compounds, 1074. 
Sulphurous acid, esters, 99. 
Sumatrol, 1601. 
Surface tension, in binary mixed liquids, 79. 
Synthesis, asymmetric, route of, in relation to con- 
figuration of enantiomorph resulting, 1201. 
Systems, conjugated, addition reactions to, 1853. 
cyclic, anionotropy and prototropy in, 1408. 


T. 


(+)-Tartranil, preparation of, 638. 

(+)-Tartranilic acid, B-n-butyl esters, 640. 

Tartaric acid, esters, effect of, on rotation of /-nicotine, 
962. 

i-Tartaric acid, isobutyl ester, 967. 

Temperature, equation for, and vapour pressure, 292. 
low, velocity of reaction at, 1573. 

Terbium, purification of, 558. 

m-Terphenyl, preparation of, and its nitration, 1288. 

m-Terphenyl, 4’-amino-, acetyl derivative, and 
4’-nitro-, 1291. 

Terphenyls, mono- and di-hydroxy-, 1283. 

Terpheny]l series, 1283, 1288. 

7-O-Tetra-acetyl-8-glucosidoxy-6-benzoyloxycoum- 
arin, 1267. 

1:2:3:4-Tetra-acetyl 6-trityl 8-d-glucose, 1530. 

2:2:5:5-Tetra-anisyl-2:5-dihydro-1:3:4-oxadiazole, 1075. 

Tetra-arylethylene sulphides, preparation of, 1074. 

Tetrabenztriazoporphin, and its metallic derivatives, 
and chloro-, copper derivative, 1809. 

Tetradecanecarbonamidine hydrochloride, 1257. 

2-Tetradecylaminopyridine, 1857. 

1-Tetradecyl-2-pyridoneimine sulphate, 1857. 

Tetrahydroacridine, 5-chloro-7-bromo-, and 5-chloro- 
7:9-dibromo-, 785. 

Tetrahydroacridone, 7-mono- and 7:9-di-bromo-, 785. 

Tetrahydrocarbazole, 5- and 7-bromo-, and 5-bromo-7- 
nitro-, and their 9-acetyl derivatives, 238. 

Tetrahydrocarbazole-8-carboxylic acid, 5-chloro-, 238. 

Tetrahydrocitrylideneacetic acid, 1544. 
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dl-Tetrahydroelliptone, 1104. 

l-Tetrahydroelliptone, and its diacetate, 1103. 

Tetrahydroeuparin, and its derivatives, 928. 
synthesis of, 933. 

Tetrahydromarrubiin, 588. 

1:2:3:4-Tetrahydrophenanthrene, 9-hydroxy-, 
nitrobenzoate, 175. 

3:6-endozo-4‘-Tetrahydrophthalic anhydride, 4-hydr- 
oxy-, 808. 

1:2-Tetrahydropyrido-7-amino-8:9-benzo-4:5-benz-1:3- 
diazaline, 1064. 

5 Sipicrp ote iea tar Oe ote oar 
1065. 

Tetrahydrorottlerin, and its trimethyl ether, 1583. 

Tetrahydroallorottlerin, 1591. 

Tetrahydrosumatrolic acid, 1603. 

8~4:4’:6:6’-Tetramethoxydiphenylethane, s-2:2’-dihydr- 
oxy-, 924. 

5:7:3':4’-Tetramethoxyflavone, 6-bromo-, 94. 

2:5:2”:5’’-Tetramethoxy-p-terphenyl, 1286. 

6:7:6':7’-Tetramethoxy-4:4:4’ :4’-tetramethylbis-2:2’- 
spirochroman, 198. 

Tetramethyl ferrocyanide, isomerism of, 1107. 

B-Tetramethyl ferrocyanide, structure of, 1105. 

4:4:4’:4’-Tetramethylbis-2:2’-spirochroman, dibromo- 
6:7:6’:7’-tetrahydroxy-, tetra-acetyl derivative, and 
6:7:6’:7’-tetrahydroxy-, and its tetra-acetyl deriv- 
ative, 198. 

3:3:3':3’-Tetramethylbis-1: oe 
5:6:7:5':6':7’-hezahydroxy-, | 

O-Reishmathaitinedviccettiorin, 1592. 

2:5:6:6-Tetramethyl-2-ethinyltetrahydropyran, 438. 

Tetramethyl d-idonolactone, 1073. 

Tetramethyl d-idose, 1073. 

Tetramethyl 8-methyl-d-idopyranoside, 1072. 

2:3:6:8-Tetramethyl-4-quinolone, and 4-chloro-, 786. 

2:5:2”:5’-Tetramethyl-p-terphenyl, 1287. 

1:4:9:10-Tetraphenylanthracene, 397, 494. 

1:4:5:8-Tetraphenylanthraquinone, 396. 

1:4:9:10-Tetraphenyl-9:10-dihydroanthracene, 494. 

1:4:9:10-Tetraphenyl-9:10-dihydroanthracene, 9:10-di- 
hydroxy-, 397 

Tetraphenyldiphenoxyethane, preparation and pro- 
perties of, 30. 

Tetraphenylethylene sulphide, preparation of, 1074. 

— :5-dihydro-1:3:4-oxadiazole, 


Tetra-p-tolylethylene sulphide, 1074. 

Thermochemistry of solutions, 118. 

Thermostat, low-temperature, 1573. 

Thesium virgatum, volatile oil glycosides from, 1084. 

1-Thio-2-alkyl-1:2-dihydrobenzthiazoles, formation of, 
from 1-alkylthiobenzthiazoles, 473. 

1-Thio-2-isoamyl-1:2-dihydrobenzthiazole, 475. 

1-Thio-2-benzyl-1:2-dihydrobenzthiazole, and 4- 
chloro-, 475. 

Thiocoumarins, complex compounds of, with poly- 
nitro-compounds, 1862. 

1-Thio-2:4-dimethyl-1:2-dihydrobenzthiazole, 473. 

1-Thio-2-ethyl-1:2-dihydro-a-naphthoxazole, 150. 

Thiols, aromatic, sodium derivatives, reactions of, 
with halogenonitro-benzenes and -naphthalenes, 
1094. 

Tt toe 

5. 


1-Thio-2-a-methylallyl-1:2-dihydrobenzthiazole, 475. 
1-Thio-2-methyl-1:2-dihydrobenzoxazole, 150. 
1-Thio-2-methyl-1:2-dihydro 475. 

absorption spectrum and structure of, 1321. 
1-Thio-2-methyl-1:2-dihydrobenzthiazole, | 4-chloro-, 

472. 

5-chloro-, 475. 
Thiomethyl-1:2-dihydronaphthoxazoles, 150. 
Thionaphthen, mercuration of, 1005. 


3:5-di- 





Index of Subjects. 


1 - ncaa ethyl ketone, and its semicarbazone, 

007. 

1-Thio-2-n-propyl-1:2-dihydrobenzthiazole, 475. 

4-Thiopyridone, and its picrate, 873. 

Thiosemicarbazones, reaction of, with maleic an- 
hydride, 1048. 

Thujone series, 1040, 1415. 

l-neoThujy] alcohol, and its nitrobenzoates, 1042. 

Tocopherols, lower, synthesis of, 542. 

Tolueneazo-f-naphthols, dipole moments of, 534. 

m-Tolueneazo-f-naphthol-6-sulphonic acid, 4’-hydr- 
oxy-, chromic salt, 833. 

o-Toluenediazocyanides, 4- and 5-chloro-, 1802. 

p-Toluenesulphonamidodiphenylsulphones, and their 
nitro-derivatives, 905. 

N-p-Toluenesulphonyl-o-benzoicsulphinide, 761. 

caves cio emeneiees rams and 4-chloro-, 


2-p-Toluenesulphonyl te neers rose er 

2-p-Toluenesulphonyloxybenzisothiazole, 761. 

2-p-Toluenesulphonyl 3:4-isopropylidene ‘eaiel p- 
methylgalactoside, 1249. 

4-p-Toluenesulphonyl 2:3:6-tribenzoyl 8-methylgalact- 
oside, 1249. 

2-p-Toluenesulphonyl 3:4:6-trimethyl S-methylglucos- 
ide, action of methyl-alcoholic ammonia on, 783. 

—- ulphonic acid, optical activity of, 

3-p-Toluidinophthalhydrazide, 139. 

3-p-Toluidino-N-p-tolylphthalimide, and 4- and 6- 
chloro-, 137. 

Toluquinone derivatives, action of alcoholic methyl- 
amine on, 1446. 

p-Tolyl p-benzyloxystyryl ketone, 1004. 

= af-dibromo-f-p-benzyloxyphenylethyl ketone, 


p-tolyl a-bromo-p-benzyloxystyryl ketone, 1005. 
— aB-dibromo-f-5-bromo-o-anisylethyl ketone, 


pels! 5-bromo-f:2-dimethoxystyryl ketone, 95. 

p-Tolyl a-bromo-f-ethoxy-f-p-benzyloxyphenylethyl 
ketone, 1004. 

—, ee pe 


p-Tolyl a-bromo-f-methoxy-f-p-benzyloxyphenylethyl 
ketone, 1004. 

p-Tolyl 5-bromo-2-methoxy-f-ethoxystyryl ketone, 95. 

p-Tolyl a:5-dibromo-o-methoxystyryl ketone, 95. 

9-p-Tolylcarbazole, 9-2’-amino-, and 9-2’-nitro-, 1950. 

— aB-dichloro-f-p-denzyloxyphenylethyl ketone, 


p-Tolyl a-chloro-p-benzyloxystyryl ketone, 1005. 

p-Tolyl a-chloro-f-ethoxy-f-p-benzyloxyphenylethyl 
ketone, 1004. 

p-Tolyl a-chloro-$-methoxy-f-p-benzyloxyphenylethyl 
ketone, 1004. 

1-4’-Tolyl-2:5-dimethylbenziminazole, 1-2’-amino-, 2’- 
acetyl derivative, 160. 

4’-p-Tolyl-4-methylcoumarino-7’:8’:6:5-a-pyrone, 1253. 

2-Tolyloxyphenylarsonic acids, 1723. 

2-Tolyloxyphenyldichloroarsines, 1723. 

N-p-Tolylphthalimide, 3-mono- and 3:6-di-chloro-, 136. 

3-p-Tolylthio-4’-methyldiphenylsulphone, 4-nitro-, 906. 

y-p-Tolylvaleraldehyde  2:4-dinitrophenylhydrazone, 
1507. 

1-y-p-Tolyl-n-valeric acid, and its p-phenylphenacyl 
ester, 1507. 

l-a-Toxicarol, properties of, from Derris malaccensis, 
812. 

Triacetylbassic acid, 1128. 

Triacetyl 6-tosyl 8-methyl-d-galactoside, 1848. 

Triazo-group, structure of, by monolayer measure- 
ments, 177. 

2:3:6-Tribenzoyl 8-methylgalactoside, 1248. 
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aT ge 2-p-toluenesulphonyl B-methylgalact- 
oside, 1 
A Lng Een hydro- 
chloride, 1257. 
Tridecane-1-carbonitrile-13-carbonamide, 1257. 
Tridecane-1-carbonitrile-13-carbonamidoxime, and its 
hydrochloride, 1256. 
Tridecane-1:13-dicarbonamide, 1257. 
Tridecane-1:13-dicarbonamidoxime, and its dihydro- 
chloride, 1256. 
2-Tridecylaminopyridine, 1857. 
1-Tridecyl-2-pyridoneimine sulphate, 1857. 
Triglycerides, mixed symmetrical, 103. 
mixed unsymmetrical, 1518. 
1:2:3-Triketones, action of acids on, 1428. 
2:3:6-Trimethoxyacetophenone, 959. 
2:3:5-Trimethoxybenzoic acid, methyl ester, 1927. 
a" eatemaaemeaaaerieae acid, 3-chloro-, methyl ester, 
2:4:6-Trimethoxybenzylamine, and its hydrochloride 
and acetyl derivative, 90. 
2:3:5-Trimethoxydibenzoylmethane, 1927. 
5:7:4’-Trimethoxyflavin, 6-bromo-, 93. 
3:4:6-Trimethoxytoluene, 2:5-dihydroxy-, 1453. 
3:4:6-Trimethoxytoluquinone, 1452. 
Trimethyl cobalticyanide, isomerism of, 1108. 
2:4:6-Trimethyl 3-acetamido-8-methylaltroside, 273. 
Trimethylamine, reactivity of, with organic halides, 
412. 
thermal decomposition of, 496. 
2:3:4-Trimethyl 8-1:6-anhydrogalactopyranose, 389. 
Trimethyl a- and f-benzylglucosaminides, N-benzoyl 
derivatives, 277. 
2’:3’:4-Trimethylchromono-7’:8’-6:5-a-pyrone, 1252. 
Trimethyl dimethylaminomethylglucoside, 279. 
2:3:4-Trimethyl galactonamide, 1735. 
2:3:4-Trimethyl 5-galactonolactone, 390. 
2:3:4-Trimethyl galactopyranose, 389. 
2:4:6-Trimethyl d-galactose anilide, 1486. . 
2:3:4-Trimethylglucose, anilide and lactone of, 584. 
2:3:5-Trimethylcycloheptanone, and its 2:4-dinitro- 
phenylhydrazone, 188. 
2:4:6-Trimethyl d-idonamide, 1072. 
Trimethyl d-idono-5-lactone, 1072. 
2:3:4-Trimethyl d-mannonic acid, amide and lactone, 
1880. 
2:3:4-Trimethyl d-mannosaccharodiamide, 1880. 
2:3:4-Trimethyl mannose, 1878. 
oor a- and £-methylglucosaminides, derivatives 
of, 277. 
Trimethyl a- and ances 
ammonium iodides, 279. 
2:3:4-Trimethyl methylglucuronoside, structure of, and 
its derivatives, 1732. 
2:4:6-Trimethyl £-methyl-d-idopyranoside, 1072. 
2:3:4-Trimethyl a-methyl-d-mannoside, 1880. 
2:3:4-Trimethyl mucic acid, derivatives of, 1735. 
methyl ester, 390. 
2:4:5-Trimethyl mucic acid, derivatives of, 1738. 
2:6:8-Trimethylquinoline, 4-chlorobromo-, 787. 
2:6:8-Trimethyl-4-quinolone, bromo-, 786. 
2:3:4-Trimethyl saccharolactone, methyl ester, 1733. 
Trimethylsilylammonium chloride, preparation and 
properties of, 821. 
NN’N”-Trimethyltrimethylenetriamine, 
of, 1788. 
Triphenylarsine phenoxyhydroxide, 869. 
Se ee 9:10-dihydr- 
oxy-, , 
Triphenylmethoxides, reactions of, 314. 
—e chloride, hydrolysis of, in dioxan, 
478. 
preparation of, 312. 
Triphenyl-1-naphthylaliene, 433. 


derivatives 
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aay-Triphenyl-y-1-naphthylallyl alcohol, 433. 
ayy-Triphenyl-a-1-naphthylallyl alcohol, 434. 
1:2:4-Triphenylsulphonylbenzene, 906. 

Trisilane, pyrolysis of, 1021. 
8-Tris-5-methyl-2:3-coumaronobenzene, 280. 
Triterpenes, 755. 

1:2:4-Tri-p-tolylsulphonylbenzene, 906. 

5-Trityl 2:3-dimethyl methyl-/-arabofuranoside, 754. 
5-Trityl methyl-/-arabofuranoside, 754 

6-Trityl a-methylgalactopyranoside, 1735. 

6-Trityl a-methyl-d-mannoside, 1879. 

6-Trityl 2:3:4-trimethyl a-methylgalactoside, 1736. 
6-Trityl 2:3:4-trimethyl a-methyl-d-mannoside, 1879. 
Tubocurarine, constitution of, 1157. 


Uv. 


Ulmus fulva, mucilage from bark of, 1469. 

Undecane-1-carbonamide-11-carbonamidoxime, 
its dihydrochloride, 1255. 

Undecane-1-carbonitrile-11-carbonamide, 1256. 

Undecane-1-carbonitrile-11-carbonamidoxime, and its 
hydrochloride, 1255. 

Undecane-1:11-dicarbonamidoxime, and its dihydro- 
chloride, 1255. 

2-Undecylaminopyridine, 1856 

1-Undecyl-2-pyridoneimine sulphate, 1857. 

Uric acid riboside, 1369. 

Uronic acids, synthesis of, 1529. 

Usnic acid, 1594. 

Usnolic acid, analogues of, 1594. 


Vv. 


and 


Valerolactone, hydrolysis of, by sodium hydroxide, 508. 
tsoVanillic acid, methyl ester, preparation of, 1161. 
Vapours, adsorption of, on solids, 139. 
dipole moments of, 1144. 
Vapour density, balance for determination of, 43. 
Vapour pressure, equation for, and temperature, 292. 
Velocity of esterification of fatty acids, 593. 
Velocity of reaction and electrostatic potential, 1780. 
at low temperatures, 1573. 
exchange, 1279. 
Viscometers, drainage of, 325. 
Viscosity in binary mixed liquids, 79. 
of — and its relation to mol. vol. and mol. wt., 


Vitamin-A4, oxidation of, aldehyde from, and its 
derivatives, 131. 
by Oppenauer reagent, 128. 
Vitamin-/, 542. 
Vitexin, 1635. 
Ww. 


Wagner—Meerwein rearrangement, 1188. 
Water gas. See under Gas. 
Wheat starch. See under Starch. 


x. 


o-Xylene, condensation of, with benzylidene chloride, 
348. 


m-5-Xylidine, 2-nitro-, preparation of, 985. 
o- and p-Xyloquinol acetates, benzoates, and benzyl 
ethers, 543. 
Y. 
Yeast ribonucleic acid, constitution of, 907, 1842, 
Z. 


Zieria Smithii, oil from, constituents of, 1496. 
wm coccineum, quinovic acid from, 1760. 





FORMULA INDEX. 


Tue following index of organic compounds of known empirical formula is arranged according to Richter’s 
system (see Lexikon der Kohlenstoff- oe. rer eatend y 

The elements are given in the order, C, H, O, N, Cl, Br, I, F, 8, P, and the remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, C, group, etc.). 

Secondly, according to the number of other elements besides carbon contained in the molecule (thus 
5 IV indicates that the molecule contains five carbon atoms and four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in the above order). 

—! according to the number of atoms of each single element (except carbon) present in the 
molecule, 

Salts are placed with the compounds from which they are derived. The chlorides, bromides, iodides, 
and cyanides of quaternary ammonium bases, however, are registered as group-substances. 


C, Group. 


CHN Hydrocyanic acid, tetrapolymer, 492. 
CH;N Methylamine, thermal decomposition of, 501. 


1m 
CH,NSi, Methyldisilylamine, preparation and properties of, 819. 


C, Group. 


C,Cl, Perchloroethylene, stabilisation of, for medicinal purposes, 768. 
C.D, Dideuteracetylene, polymerisation of, 429. 


20 


Gott, Glyoxal, combustion zones of, 1703. 


2H,0 Acetaldehyde, combustion zones of, 1703. 
C.H,8 Ethylthiol, equilibrium constant for isotopic hydrogen exchange in aqueous mixtures of, 61. 
C.H,N Dimethylamine, thermal decomposition of, 499. 


2m 


C.H;,ND, Ethyldideuteramine, preparation and properties of, 41. 
C.H,SD Ethyldeuterothiol, Raman spectrum and vapour pressure of, 61. 
C.H,ON, Dimethylnitrosoamine, photolysis of, 12. 

C.H,ND Dimethyldeuteramine, preparation and properties of, 41. 
C.H,Br,Au, Methyldibromogold, 766. 

C.H,ON Acetaldehydeammonia, decomposition of, in acid solution, 968. 
C.H,NSi Dimethylsilylamine, preparation of, 821. 

C.H,,NSi, Ethyldisilylamine, preparation and properties of, 820. 


C, Group. 
C,H, Propane, inflammation of, in air, 344. 
30 

C,H,O Acraldehyde, combustion zones of, 1703. 
C,H,O Acetone, bromination of, 1353, 1573; vapour pressure of, effect of alcohols on, 1135. 

Propaldehyde, combustion zones of, 1703. 
C,;H,O, Methyl carbonate, dipole moment and structure of, 1118. 
C,H,Br Propyl bromides, exchange reactions of, with bromine, 1836. 
C,H,N Trimethylamine, thermal decomposition of, 496. 


3 IV 
C,H,,NCISi Trimethylsilylammonium chloride, preparation and properties of, 821. 


C, Group. 
C,H,, Butane, inflammation of, in air, 344. 
4 
C,H,0, Maleic anhydride, reaction of, with thiosemicarbazones, 1048. 
.H,O, 2- and 3-Hydroxyfurans, 806. 
C,H,O Butaldehydes, combustion zones of, 1703. 
C,H,0O, Butyric acid, equilibrium of, with sodium chloride and water, 742. 
1998 
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C,H,0, —— acid, equilibrium of, with potassium isobutyrate or sodium chloride and water, 742. 
C,H,O, Glycollaldehyde, dimeric, depolymerisation of, 1777. 
n-Butyl bromide, exchange reaction of bromine with, 1279. 
isoButyl bromide, exchange reaction of, with bromine, 1836. 
C,H,,0 Diethyl ether, inflammation of mixtures of, with air, 332, 337. 


4m 


‘4 


C,H,0,Br 2-Bromo-3-hydroxyfuran, 808. 
C,H,O,N ee eens 1014. 
C,H,0O,N Nitroh xyfurans, 1014. 


C,H,O.N Aminohydroxyfurans, 1014. 
C,H,,ON, og, ae anaag photolysis of, 12. 


C,H,,0,N, d-ay-Diamino-n-butyric acid, 1565. 
C,H,,Br,Au, Dimethylbromogold, 766. 
C,H,,1,Au, Dimethyliodogold, 765. se 
C.H,,N.Cl,Pd isoButylenediaminodichloropalladium, 1757. 
C,H,,N.IAu Ethylenediaminodimethylgold iodide, 765. 


4V 
C,H,0,CISHg Chloromercuric f-ethoxyethanesulphinate, 1067. 


C, Group. 


C,H, cycloPentadiene, association of, 381; explosive decomposition of, 1770; polymerisation of, 1761; 
solubility of, in paraffin, 371. su 


cis- and trans-Glutaconic acids, crhenep reactions of, with deuterium oxide, 1673. 
Ethyl hydrogen malonate, potassium salt, electrolysis of, in ethylene glycol, 1109. 
C;H,,0, Ethyl carbonate, dipole moment and structure of, 1118. 
20 n-Amy] alcohol, equilibrium constant for isotopic hydrogen exchange in aqueous mixtures of, 61. 
C,H,,N Methyl-n-butylamine, hydrochloride of, 1789. 


5 


C,H,NCl 4-Chloropyridine, picrate of, 877. 

C;H,N.S 5-Cyano-4-methylthiazole, and its hydrochloride, 445. 

C,;H,ON 4-Pyridone, picrate of, 877. 

C;H,NS 4-Thiopyridone, and its picrate, 875. 

C,H,NS 4-Methylthiopyridine, and its salts, 875. 

C;H,,0D x»-Amy] deuteralcohol, Raman spectrum and vapour pressure of, 61. 


5 IV 
C,H;,ONS 4-Methylthiazole-5-aldehyde, 445. 
C;H,;0,NS ie ae pe acid, ammonium and sodium salts, 876. 
C,H,ON.S 4-Methylthiazole-5-carboxyamide, 445. 


C, Group. 
C.H,, Hexane, inflammation of, in air and in oxygen, 343. 


6 


C,H,O, cycloPentadiene-a-naphthaquinone, decomposition of, 375. 
tert.-Butylglyoxal, hemihydrate of, 261. 
Ethyl a-formoxypropionate, 103. 

100, 4d-Galacturonic acid, preparation of, 1531. 
d-Glucuronic acid, synthesis of, 1529. 

ay-Dimethylallyl chloride, hydrolysis of, 1748. 

C,H,,0, 4-Glucose, conversion of, into d-idose, 1069. 

C.H,,N Dimethyl-n-butylamine, salts of, 1789. 


6 I 

C,H,NCl, w-Trichloro-a-picoline, 781. 

C,H,Cl,As, 0o-Phenylenediarsine tetrachloride, 612. 

C,H,ON, Nitrobenzene, sulphonation of, by sulphur trioxide, 1372. 

C, w-Dichloro-a-picoline, 782. 

Methyluric acids, 1371. 

C,H,0,8 AF owing Sete ey "tat Aang acid, 1117. 

C,H.N 2-Chloro-6-amino-9-methylpurine, 1786. 

C,H, 9-Methylisoguanine, 1786. 

C,.H,.N.S §-(4-Methylthiazole-5)-ethylamine, dihydrochloride of, 446. 

C,H, tert.-Butylglyoxalhydrazone, 261. 

C,H..0,N, dl-Lysine, and its dipicrate, 1566. 

C,H, ,N,I, NN’N’-Trimethyltrimethylenetriamine di-iodide, 1789. 
1999 
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6 IV 


ea | 3-Nitro-4-hydroxy benzenesulphonamide, 609. 
C.H,O 4-Methylsulphonylpyridine, 875. 

C,H,O,NS p-Hydroxybenzenesulphonamide, and its sodium salt, 609. 
C,H,0,N,8 3. Ninve-4-aenincbensuncsehghnnctdidn: 609. 

C,H,ON,S 4-Methylthiazole-5-aldehyde semicarbazone, 445. 
C,H,O,NP Phenylphosphoamide, barium salt, 914. 
C,H,O,N.S 3-Amino-4-hydroxybenzenesulphonamide, 609. 
C,H,,0,BrTe Ethyldimethyltelluretine bromide, 166. 
C,H,,.N,I,Au, Ethylenediaminotetramethyldi-iododigold, 766. 





C, Group. 
C.H,, Methylcyclohexane, structure and physical properties of, 1862. 


70 


C,H,0, ey eas 1453. 
C,H,O, 2:5-Dihydroxy-3-methoxybenzoquinone, and its bismethylamine salt, 1454. 
C,.H,O, 1:2:4-Trihydroxy-5-methoxybenzene, 1453. 
C,H,,0, 3-Methyl Zombenscathie acid, 248. 
C,H,,0, Methylated araban, 458. 
C,H,,.0,; Triacetyl 6-tosyl B-methyl-d-galactoside, 1848. 
7H, 1-Azabicyclo[1:2:3] octane, and its salts, 678. 
C,H,,0, 2:3-Dimethy] l-arabinose, 754. 
2:5-Dimethyl l-arabinose, 751. 


7m 


C,H,N,Cl o-Chlorobenzenediazocyanides, 1802. 
C,H,O,8 5-Methoxy-2-methylthiophen-3-carboxylic acid, 1117. 
C.H,,0,8, Ethyl 1:3-dithian-5-one-4-carboxylate, 348. 
C,H,,0,,.N, §-Methylgalactoside 2:3:4:6-tetranitrate, 1870. 
7H,,0,.N, §-Methylgalactoside 2:6-dinitrate, 1870. 
C,H,,0,Au Dimethylgoldacetylacetone, 766. 
7H,,0;N, a-Hydroxy-fy-dimethoxy-l-araboglutaramide, 755. 
B-Hydroxy-ay-dimethoxy-d-araboglutaramide, 753. 
-Hydroxy-ay-dimethoxy-l-araboglutardiamide, 750. 
ON 2:4-Dimethyl d-arabonamide, 753. 
2:5-Dimethy] J-arabonamide, 751. 
2:5-Dimethyl art gto mee a a 751. 
a-Methylglucosaminide, hydrochloride of, 125. 
C,H, ,NBr, 3-8-Bromoethylpiperidine hydrobromide, 678. 
C,H,,0,N, Pentane-1:5-dicarbonamidoxime, and its dihydrochloride, 1255. 


7 IV 


C,H,0O,NS Pyridine-4-thioacetic acid, and its sodium salt, 875. 
C,H,Cl,HgTe Phenyl methy] telluride chloride, 593. 

7H,Br,HgTe Phenyl methyl telluride bromide, 593. 
C,H,O.NS Ethyl ¢-methylhiencle-8-corbonyiuth hydrochloride of, 445. 
C.H,O,NS, o0-Toluidine-3:5-disulphonic acid, optical activity of, 921. 
C,H,,0.N.8 a-Amino-8-(4-methylthiazole-5)-propionic acid, 445. 
C,H,,.NIS 4-Methylthiopyridine methiodide, 876. 


C, 


C, Group. 
C.H,, (+)-y-Methyl-n-heptane, rotation of, 633. 


C,H,O, 4-Hydroxy-3:6-endoxo-A‘-tetrahydrophthalic anhydride, 808. 
C.,H,N Phenylacetonitrile, condensations of, 771. 
C,H,O Acetophenone, bromination of, 1353; depolarisation potential of, 546; photolysis of, 590. 
C,H,O, 2:5-Dihydroxy-3-methoxybenzaldehyde, 1927. 
6-Hydroxy-3-methoxytoluquinone, 1456. 
2:3:6-Trihydroxyacetophenone, 1926. 
C,H,0O, 5-Hydroxy-2:3-dimethoxybenzoquinone, 1454. 
Spinulosin, bismethylamine salt of, 1456. 
C,H,,O0 Phenylmethylcarbinol, resolution of, 1156. 
C,H,,0, -2-(5-Methylfuryl)propionic acid, 1747. 
gH, 90, 2:5:6-Trihydroxy-3-methoxytoluene, 1456. 
41190; rowan pee Minton ow oxybenzene, 1454. 
C,H,,0, 2-Methyl-4'-cyclopentenylacetic acid, 797. 
'sH,,0, Dimethyl araboascorbic acids, 248. 
1440 Methylcycloheptanones, 187. 
C,H,,0, 4-Methoxycycloheptanone, 188. 
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Formula Index. 


C,H,,0, 2:4-Dimethyl 8-galactonolactone, 1737. 
3:4-Dimethylgalactonolactone, 1871. 
4:6- -— 1 d-galactonolactone, 1488. 
3-Dimethyl d-mannuronic acid, 1885. 
2 3. Dimethyl d-mannosaccharic acid, 1885. 
9:3. Dimethyl methyl-l-arabinoside, 754. 
C,H,,0, 2:4-Dimethyl galactose, 1736. 
3:4-Dimethyl galactose, 1869. 
C,H,,0 f-Octanols, physical data for, 1789. 
C,H,,0, f- Methylglycerol ay-diethyl ether, 949. 


8 


C,H,0,Br, 1:2:3-Tribromo-4-methoxy-5:6-methylenedioxybenzene, 442. 
C,H,N;,Cl Chlorotoluenediazocyanides, 1802. 
C,H,0,Cl, 2:6-Dichloro-5-methoxy-m-cresol, 282. 
C,H,O,Br, 2:4-Dibromo-6-ethoxyphenol, 1167. 
C,H,0,8 5-Keto-4-ethylidene-2-methyl-4:5-dihydrothiophen-3-carboxylic acid, 1117. 
C,H,O,N 3-Methylamino-6-hydroxy-2:5-toluquinone, 1455. 
C,H,O,N 2-Methylamino-5-hydroxy-3-methoxybenzoquinone, 1454. 
C,H,,0.N, Bismethylaminobenzoquinones, 1450. 
2-Nitro-m-5-xylidine, 985. 
5-Ethoxy-2-methylthiophen-3-carboxylic acid, 1117. 
o-Chlorodimethylaniline, one of, 1386. 
6-Amino-2-ethoxy-9-met ylpurine, 1786. 
Dimethyl 3:6- sclgtoepane tonamides, 1848. 
B-Propylglutardiamide, 1297. 
2 2:4-Dimethylmucic diamide, 1738. 
C.H,,0,N 2:4-Dimethyl galactonamide, 1737. 
3:4-Dimethyl galactonamide, 1871. 
4:6-Dimethyl d-galactonamide, hydrate of, 1488. 
C,H..N,I NN’N’-Trimethyltrimethylonetriamine ethiodide, 1788. 


8 IV 


oa 3-Bromophthalimide, 836. 
C,H, 2 Thionaphthen dimercurichloride, 1006. 
C,H,0.N.Br Bromophthalaz-1:4-diones, 837. 
6-Iodophthalaz-1:4-dione, 837. 
4-Iodo-3-nitroacetophenone, 1952. 
4-Chloro-1-thio-2-methyl-1:2-dihydrobenzthiazole, 472. 
5-Chloro-1-thio-2-methyl-1:2-dihydrobenzthiazole, 475. 
C,H,ONS 1- Methyithiolbensoxasole, 149. 
C,H,ONC] N-Chloroacetanilide, rearrangement of, in chlorobenzene, 1774. 
C,H,0,N,S 3-Nitro-4-acetamidobenzenesulphonamide, 609. 
C,H.N. m-Chlorobenzylisothiourea, picrate of, 1443. 


ona, o-Bromobenzylisothiourea, picrate of, 1443. 
C.H,,0,N,8 2:4- Diketotetrahy drothiazole-2-isopropylidenehy drazone-5- acetic acid, 1049. 


8V 


C,H,ONCIS 4-Chloro-2-methylbenzthiazolone, 472. 
C,H,0;N,CIS 3-Nitro-4-acetamidobenzenesulphony! chloride, 609. 


C, Group. 


C,H;N o-Cyanophenylacetylene, silver salt, 359. 

C,H,O, 4-Hydroxycoumarone-5-carboxylic acid, 1427. 

n- and iso-Quinolines, infra-red absorption spectra of, 318. 

C,H,O, 2:4-Dihydroxy-3-formylacetophenone, 133. 
2:6-Dihydroxy-3-formylacetophenone, 951. 

C,H,0, 2-Acetoxy-5-methoxybenzoquinone, 1453. 
Croweacic acid, 442. 

2:4: ~ Trihydroxy-3-formylacetophenone, 951. 

C,H,,0, 2:6-Dihydroxy-3-ethylbenzaldehyde, 302. 

2-Hy. droxy-6-methoxyacetophenone, 959. 

C,H, 2:5-Dihydroxy-6-methoxyacetophenone, 959. 
Dihydroxymethoxyacetophenones, 1926. 
3-Hydroxy-4-ethoxybenzoic acid, 1161. 

4-H hrs -ethoxybenzoic acid, 1167. 

C,H, ydroxy-3:4-dimethoxytoluquinone, 1457. 

C,H: 3-Bromocumene, 1302. 

Methyl £-2-(5-methylfuryl)propionate, 1747. 

2:5:6-Trihydroxy-3:4-dimethoxytoluene, 1457. 

Araban acetate, 453, 1867. 

Methyl 4:7-diketo-octoate, 1747. 

3:4-Acetone 1:6-anhydrogalactopyranose, 389. 
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9 1I—101 Formula Index. 


C,H,,0, w-Ethylmethanetriacetic acid, 1298. 
'¢H,,0, Dimethyl saccharolactone methyl ester, 1489. 
Methyl dimethyl mucate 3:6-lactone, 1737. 
C,H,,0 3:5-Dimethylcycloheptanone, 188. 
4- Ethylcycloheptanone, 188, 
Methyleyclohexanones, 187. 
a-Methyl-a-cyclopentylacetone, 1549. 

C,H,,0, 2:4. Dimethyl 3:6-anhydro-a-methyl-d-galactoside, 1847. 
2:4-Dimethy] 3:6-anhydro-8-methyl-d-galactoside, 1848. 
Methylated cellulose I, 1888. 
2:3:4-Trimethyl-f-1:6-anhydrogalactopyranose, 389. 

C,H,,0, Methyl 2:4-dimethyl 3:6-anhydrogalactonates, 1848. 
Trimethyl d-idono-3-lactone, 1072. 
2:3:4-Trimethyl d-mannonolactone, 1880. 

C,H,,0, Methyl £-hydroxy-ay-dimethoxy-d-araboglutarate, 753. 
Methyl £-hydroxy-ay-dimethoxy-l-araboglutarate, 750. 

Methyl a-hydroxy-fy-dimethoxy-l-araboglutarate, 755. 

C,H,,0 Dihydrocryptols, 519. 

C,H,,0, 1-Hydroxymethyl-3:5-dimethyleyclohexanol, 188. 

C,H,,0, 3:4-Dimethyl B-methylgalactoside, 1870. 
4:6-Dimethyl a-8-methy]-d-galactoside, 1488. 
2:4-Dimethyl methylgalactosides, 1736. 
2:4:6-Trimethyl-d-idose, 1072. 

C,H,.N, Methylenebismethyl-n-propylamine, 1788. 

C,0,Fe, Iron enneacarbonyl, crystal structure of, 286. 


C,H,OS Thiocoumarins, complex compounds with, 1862. 
C,H,NBr w-Bromo-o- and -p-cyanostyrenes, 358. 
C,H,O,Br w-Bromostyrene-o-carboxylic acid, 359. 
C,H,O,N, 5-Methylphthalaz-1:4-dione, 837. 
C,H,0,Cl, 2:6-Dichloro-3-hydroxy-5-methoxy-p-toluic acid, 283. 
C,H,OC] a-Phenyl-a-chloromethylethylene oxide, 185. 
C,H,O,Br 2-Bromo-3:5-dimethoxybenzoic acid, 283. 
5-Bromo-4-hydroxy-3-ethoxybenzoic acid, 1167. 
Cc 1-Thio-2:4-dimethyl-1:2-dihydrobenzthiazole, 473. 
C.H.N, Trimethyl cobalticyanide, isomerism of, 1108. 
C,H,,0,Cl, 2:6-Dichloro-orcinol dimethyl ether, 283. 
H,,0,N, 2:4-Dihydroxy-3-formylacetophenone dioxime, 134. 
C,H;,ON (+)Hydratropamide, 919. 
'»H,,0,N 3-Methylamino-6-hydroxy-4-methoxy-2:5-toluquinone, 1456. 
6-Methylamino-3-hydroxy-4-methoxy-2:5-toluquinone, 1455. 
C,H,,0,N, 3:5-Dinitro-N-methyl-p-xylidine, 1444. 

- B-p-Arsonophenylpropionic acid, and its sodium salt, 157. 
C,H,,0,N, 2:5-Bismethylamino-3-methoxy-1:4-benzoquinone, 1450. 
C,H,;,0,8 Ethyl 5-methoxy-2-methylthiophen-3-carboxylate, 1117. 

5-n-Propoxy-2-methylthiophen-3-carboxylic acid, 1117. 
C,H, ,NBr 9 nemo 4 ceninaeedonne, 1302. 
C,H,,0,N 2:3:4-Trimethyl-d-mannonamide, 1880. 
C,H,,0,.N, 3:4-Dimethyl £-methylgalactoside 2:6-dinitrate, 1870. 
C,H,,0. wn 8 exanone oxime, 187. 
C,H,,ON, Methylcycloheptanone semicarbazones, 187. 
C,H,,0,N, 4-Methoxycycloheptanone semicarbazone, 188. 
C,H,,0,N N-Acetyl-8-methylglucosaminide, 125. 
H,,0,N, 2:3:4-Trimethyl-d-mannosaccharodiamide, 1880. 
2:3:4-Trimethyl mucic diamide, 1735. 
2:4:5-Trimethyl mucic diamide, 1738. 
C,H,,0,N 2:3:4-Trimethyl galacturonamide, 1735. 
2:4:6-Trimethyl d-idonamide, 1072. 
C,H,,0.N, Heptane-1:7-dicarbonamidoxime, 1255. 
C,H,,.N,I NN’N’-Trimethyltrimethylenetriamine n-propiodide, 1788. 


9 IV 
C,H,ONS 2:4-Dimethylbenzthiazolone, 472. 
C,H,ONS, 1-8-Hydroxyethylthiobenzthiazole, 473. 
1-Thio-5-methoxy-2-methyl-1:2-dihydrobenzthiazole, 475. 
C,H,,NIS, 1-Methylthiolbenzthiazole methiodide, 148. 
C,H,,0,NAs £-Phenylpropionamide-p-arsonic acid, and its sodium salt, 157. 


C,, Group. 


C,,H, Naphthalene, infra-red absorption spectrum of, 318. 
C,H. 4, ile cracking of, 375; kinetics of formation of, in paraffin, 374; solubility of, in 
paraffin, 371. 
endoDicyclopentadiene, gaseous, kinetics of formation of, 362. 
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Formula Index. 10 I—10 mi 


C,,.D, Octadeuteronaphthalene, 430. 
ia 10 0 


C,.H,O, 6-Hydroxy-4-methoxy-7-formylcoumarone, 932. 
Methyl Mer ere ee se -carboxylate, 1427. 
C,oH,N a- and fp hthylamines, nitration of, in presence of urea, 348. 


C,.H,N, 1-4’-Pyridylpyridine-4-imine, and its salts, 876. 
Citld 


Methoxymethyleneacetophenone, 121. 
4:6- Dimethoxycoumarone, 923. 
C,,H,,0 2:4-Dihydroxy-3- amen -6-methylacetophenone, 950. 
2-Hydroxy-4- methoxy-5-acetylbenzaldehyde, 929. 
OH, 6-Acetoxy-3-methoxytoluquinone, 1456. 
4-Dihydroxy-3-formyl-5-ethylbenzoic acid, 301. 
2 Hydroxy-4-methoxy-5-acetylbenzoic acid, 929. 
2-Methoxy-3: tee ee ene pr alge acid, 441, 
Crell0 en fae yl methyl ether, 1700. 
OHO 3 Sa acetate, 544. 
droxy-5- ethyl-m-toluic acid, 301. 
“- THe heoxy 3:6 imethoxyacetophenone, 1924. 
2-Hydroxy-5: é. -dimethoxyacetophenone, 960. 
4-Methoxy-3-ethoxybenzoic acid, 1167. 
Methyl 3- hydroxy-4-ethoxy benzoate, 1161. 
C,oH;,0,; 3:4:6-Trimethoxytoluquinone, 1452. 
2 3-Amino-1:1-dimethylisoindole, and its picrate, 1818. 
C,,H,.0 1-4?-Carene-5:6-epoxide, 1500. 
Carvone, addition of magnesium iodide to, 1961. 
A14(®).»-Menthadien-3-one, 1501. 
2:5- yer es 4-ethylresorcinol, 951. 
Ethyl -2-(5-methylfuryl)propionate, 1747. 
Nee -3:4:6-trimethoxytoluene, 1453. 
2- Dimet ylamino-m-xylene, picrate of, 1386. 
70 Cameo’ addition of magnesium iodide to, 1961. 
d-Sabinol, catalytic hydrogenation of, 1041. 
0 2-Methyl 3:4-acetone f-1:6- anhydrogalactopyranose, 389. 
C,oH,,0, 2:3:4-Trimethyl saccharolactone methyl ester, 1733. 
o-Phenylenebis(dimethylarsine), 612. 
C,.H,,¢l yeges y hydrochloride, exchange of deuterium and of radioactive chlorine between hydrogen 
chloride and, 1188. 
C.oH,,0 d-2:3-Dimethyl-4-isopropyl-4?-cyclopentenol, 1043. 
1-trans-4*-Menthen-3-ol, 1039. 
2-Methyl-4-eth Icycloheptanone, 188. 
2:3:5- Trimethyleyelohe tanone, 188. 
C,oH,,0, cis- and trans-Hexahydrocuminic acids, 1246. 
10H,,0, Tetramethyl éAdenclantens, 1073. 
10H;,;0, 2:3-Dimethyl ee Cee 1885. 
Grell? 4-isoPropyleyclohexyl]-1-carbinols, 1247. 
C,oH.,0, 2:4:6-Trimethyl ds methyl- ee 1072. 
2:3: 4-Trimethyl a-methyl-d-mannoside, 1880. 
C,oH.,0, Methyl 2:4:5- trimethyl mucate lactone, 1738. 


10 
ono 1-4’-Pyridyl-4-pyridone, and its salts, 877. 


100s 


h 6-Nitro-4-hydroxyquinaldine, 564. 

C,,.H,0, 2:6-Dichloro-3:5-dimethoxyterephthalic acid, 282. 
2-Chloro-7-methylquinoline, and its picrate, 1861. 
Di-4-pyrid bi sulphide, 877. 

Di-4- 1 — 877. 
Methy Saphentgaila 1861. 
ethylquinoline oxides, salts of, 1861. 

C,.H,O,Br o-Bromobenzylmalonic acid, 796. 

C,oH,O,N 2-Methyl l-hydrogen 3-nitro-4-methoxyphthalate, 1162. 
4-Iodoquinoline methiodide, 1011. 

C,.H,NS 2-Methylthiolquinoline, 147. 

ae 4-Chloro-6-amino-2-quinaldine, 566. 

oH Od 6-Amino-4-hydrox marencmean, ES . 

oO 2:6-Dichloro-3:5-dimethoxy-p-toluic acid, 282. 
ethyl 2:6-dichloro-3-hydroxy-5-methoxy-p- -toluate, 283. 
Gut 0 2:4-Dihydroxy-3-formylacetophenone semicarbazone, 134. 
5-Bromo-3-methox sae acid, 1166. 
Su Tikses-4atiers ethoxy oic acid, 1167. 
Methyl 2-bromo-3:5-dimethoxybenzoate, 284. 

Methyl 5-bromo-4-hydroxy-3-ethoxy benzoate, 1167. 

CoH NS, 1-Thio-2-n-propyl-1:2-dihydrobenzthiazole, 475. 

Gietid « Uric acid riboside, 1371. 

C.oH,,N,Fe §-Tetramethyl ferrocyanide, structure of, 1105. 








10 M—11 0 Formula Index. 


C,oH,,0,N, 2:4-Dinitrophenylmethyl-n-propylamine, 1788. 
C,.H,,0,N, Crotonoside, 1786. 
C.,H,,0,As Methyl £-p-arsonophenylpropionate, and its sodium salt, 157. 
ahtf Acetophenone-5-methylthiosemicarbazone, 1050. 
C,H, O,N, 3:6- ee ey cer meet -2:5-toluquinone, 1452. 
5:6-Bismethylamino-4-methoxy-2:3-toluquinone, 1455. 
Grell .08 Ethyl 5-ethoxy-2-methylthiophen-3-carboxylate, 1117. 
. Ciel 05M 2:4:6-Trimethoxy benzylamine, and its hydrochloride, 90 
iy C,oH,,0Cl, dl-1:8-Dichloro-p-menthan-3-one, 1501. 
i oH ON dl-1:8-Dibromo-p-menthan-3-one, 1501. 
: CoH eOoN Phellandrene nitrosites, 1418. 
CHO, Phellandrene nitrosites, 466. 
3:4-isoPropylidene B- methylgalactoside 2:6-dinitrate, 1870, 
d-Cryptone semicarbazone, 266. 
Cryptone semicarbazone, 1532. 
oma 3:5- Dimethylcycloheptanone semicarbazone, 188. 
By- Dimeth 1-48.hepten-f-one semicarbazone, 437. 
4-Eth aiconemee semicarbazone, 188. 
4- "Methyhauiiiaenens semicarbazone, 187. 
a-Methyl-a-cyclopentylacetone semicarbazone, 1549. 
C,.H,,0 2:3: ‘4-Primethy! methylglucuronoside amides, 1732. 
10H;,0,N Methyl 2:3:4-trimethyl mucic amide, 1735. 
C,H, ,0,N; 2:4-Dimethyl mucic bismethylamide, 1738, 
Ethylene-af-bis(butylchloroarsine), 1633. 
C,,H.,0,As, Ethylene-af-bis(arsonic acid), 1633. 
C,.H,,N,I NN’N”-Trimethyltrimethylenetriamine n-butiodide, 1788. 


10 IV 


C,oH,0,NCl, 1:2-Dichloro-4-nitronaphthalene, 346. 
Gio O,NBr, af-Dibromo-f- og acid, 358. 
C,,H,0,N,Cl 4-Chloro-6-nitro-2 es 
10H,0 3-Iodo-1-nitro-2-nap skylomine, 246 
C,.H. 4-Chloro-6-bromo-2-quinaldine, 566. 
C,,H,ONCI 6-Chloro-4-hydroxyquinaldine, 565. 
ory 6-Bromo-4-hy ee 565. 


Cn wor 2:6-Dichloro- ethoxy-p-toluonitrile, 283. 

G 4-Chloroquinoline methiodide, 1011. 

C,,.H,,0,NCl, 2:6-Dichloro-3:5-dimethoxy-p-toluamide, 283. 
C,.H,,0,N,8 2:4-Dinitrophenyl ares yl Ha ide, 1067. 
C,oH,,0,N,8 2:4-Dinitrophenyl-f-ethoxyeth pees one, 1067. 

1-Methylthiolbenzthiazole ethiodide, 148. 
C,.H,,0: Phenacyldimethyltelluronium bromide, 166. 
C,.H,,0,NAs §-Phenylpropionomethylamide-p-arsonic acid, and “ sodium salt, 157. 
o-Phen ylenebis(dimethylarsine)dichloropalladium, 1 \ 
CicHyN u NN -Diethylethylenediaminodiethylgold bromide, 767. 


























































C,, Group. 
C,,H,. a- and 8-Methylnaphthalenes, infra-red absorption spectra of, 318. 


luwaq 


C,,H,O, 6-Hydroxy-4-methoxy-7-formylcoumarone-2-carboxylic acid, 932. 
CisHONs Aminoperimidine, hydrochloride of, 256. 
2-Pyrido-7-amino-4:5-benz-1:3-diazaline, 1060 
o; HI 1-Iodo-2-methylnaphthalene, 948. 
C,,H,,0, 6-Methoxy-2-formyl-3-methylcoumarone, 1597. 
C,,H,,0, 4:6-Dimethoxy-7-formylcoumarone, 923. 
2:5-Diacetoxy-3-methoxy-1:4-benzoquinone, 1452. 
C,,H 6-Hydroxy-2-isopropylcoumarone, 935. 
} nee. 5-methoxy-1:2:3:4-tetrahydronaphthalene, 789. 
é. Methoxy-3:7-dimethylcoumarone, 1600. 
a- reps acetates, 1700. 
n- and iso-Croweacins, 439. 
as - 2-n-pro pyt- -3-coumaranone, 936. 
‘ Methoxy-2:3-methylenedioxypropenylbenzene, 442. 
Rept renny 5 et ay ee ee bw 1166. 
2:4- Dihydroxy-3-formy]-5-ethylacetophenone, 950. 
H,,0, 4-Acetoxy-3-ethoxybenzoic acid, 1166. 
wet 2:4-dihydroxy-3-formyl-5-ethylbenzoate, 301. 
i 3:5-Dimethoxy-2-formyl Sa acid, 923. 
' OM boxe 4-othoxypbehalie acid, hydrate of, 1164. 
1 ¢,. HN, 7-Guanido-2-naphthylamine, nitrate of, 255. 
C,,H,,0, 6-Hydroxy-2-isopropylcoumaran, 935. 
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Formula Index. 


C,,H,,0, -o-Anisylbutyric acid, 789. 
4:6-Dimethoxymethylcoumarans, 925. 

C,,H,,0, Methyl 2:6-dihydroxy-5-ethyl-m-toluate, 301. 
2:3:6-Trimethoxyacetophenone, 959. 

C,,H,,0, Methyl 2:3:5-trimethoxybenzoate, 1927. 
Myristicin glycol, 443. 

C,,H, Pee shoes 2 henylethyl bromide, 1302. 

C,,H,,0 §-3-isoPropylphenylethy! alcohol, 1302. 


C,,H,,0, y-0-Anisylpropyl methyl ether, 789. 

C,,H,,0, 1soAmylphloroglucinol, 1603. 

C,,H,,0 Dehydromethyl-linalool, 438. 
2:5:6:6-Tetramethyl-2-ethinyltetrahydropyran, 438. 

C,,H,,0, Ethyl 2:6-dimethylcyclohexanone-2-carboxylate, 1301. 

CuHi ae anaes peer dihydrochloride of, 1385. 
H,,0, 


Cc; ihydrocryptol acetates, 521. 
Methyl 1:2-dimethy cyclohexylacetate, 88. 
C,,H..0, §-Hydroxy-e-methyl-af-dihydrogeranic acid, 438. 
11—g90, 2:3:4-Trimethyl methylglucuronoside methyl ester, 1732. 
C,,H..0, Methyl 2:3:4-trimethyl mucate, 390. 
C,,H,,0, Tetramethyl £-methyl-d-idopyranoside, 1072. 
C,,H..N, Guanyl-4:4’-dipiperidyl, hydriodides of, 257. 


11 


C,,H,0,N, 1:2-Pyrido-7-nitro-4:5-benz-1:3-diazaline, 1060. 
C,,H,O,N Quininic acid amine oxide, 1297. 
C,,H,N,I 2-Cyanoquinoline methiodide, 1011. 
C,,H,,OS 2-Thionaphthenyl ethyl ketone, 1007. 
C,,H,,0,N, 6-Nitro-4-hydroxy-2:3-dimethylquinoline, 565. 
C,,H,,0,Br, 5:6-a:8-Tetrabromo-4-methoxy-2:3-methylenedioxy-n-propylbenzene, 442. 
C,,H,,0N 1:7-Dimethyl-2-quinolone, 1861. 
5-Methoxy-1-naphthylamine, 789. 
C,,H,,0I 1-Iodo-5-methoxynaphthalene, 789. 
C,,H,,0,I Methyl 5-iodo-4-methoxyphthalate, 1162. 
Hy, 3-Bromo-5-methoxy-4-ethoxyphthalic acid, 1164. 
Methyl 3-bromo-4-hydroxy-5-methoxyphthalate, 1163. 
,,H,.Nl, 4-Iodoquinoline ethiodide, 1011. 
C,,H,,NS Aminonaphthyl methyl sulphides, and their salts, 127. 
1:6-Dimethyl-2-thioquinolone, 1861. 
2-Ethylthiolquinoline, 147. 
2-Methylthio-4-methylquinoline, 1323. 
2-Methylthio-6-methylquinoline, picrate of, 1861. 
C,,H, HE reg ey drobenzthiazole, 475. 
4-Methylthiazole-5-aldehyde phenylhydrazone, 445. 
11H; 20 6-Amino-4-hydroxy-2:3-dimethylquinoline, 565. 
11H1,0, Methyl 2:6-dichloro-3:5-dimethoxy-p-toluate, 282. 
C,,H,,0,N, 2-Methoxy-3:4-methylenedioxyphenylacetaldehyde semicarbazone, 441. 
C,,H,,0,Br Methyl 5-bromo-4-methoxy-3-ethoxybenzoate, 1167. 
C,,H,,0;N Methyl 5-amino-4-methoxyphthalate, 1162. 
C,,H,,0;N, 5-Nitro-2-methoxydiacetyl-1:4-phenylenediamine, 1286. 
C,,H,,0,Ci Methyl 3-chloro-2:4:6-trimethoxybenzoate, 283. 
C,,H,,0,N, 2-Methoxy-NN’-diacetyl-1:4-phenylenediamine, 1286. 
C,,H,,0,N, 2:4-Dihydroxy-3-formyl-5-ethylacetophenone dioxime, 950. 
C,,H,,ON m-Diethylaminobenzaldehyde, and its picrate, 1093. 
C,,H,,0.N, a-Furfurylidenediethyl ketone semicarbazone, 1563. 
2-Methoxy-4-acetyltoluene semicarbazone, 943. 
C,,H,,0,N, 2:4-Dinitrophenylmethyl-n-butylamine, 1789. 
C,,H,,0,8 Ethyl 5-propoxy-2-methylthiophen-3-carboxylate, 1117. 
C,,H,,ON p-Butoxymethylaniline, and its picrate, 1170. 
p-Methylethylaminophenetole, picrate of, 1170. 
C,,H,,ON, /-2:3-Dimethyl-4-isopropyl-4*-cyclopentenone semicarbazone, 1043. 
C,,H,,0N, 2-Methyl-4-ethylcycloheptanone semicarbazone, 188. 
2:3:5-Trimeth eee peo semicarbazone, 188. 
C,,H,,0,N 4:6-Dimethy! 3-acetamido-8-methyl-d-altropyranoside, 273. 
4:6- Dimethyl A em Pregl a es ange 273. 
C,,H,,0,N, 2:3:4-Trimethyl mucic bismethylamide, 1735. 
2:4:5-Trimethyl mucic bismethylamide, 1738. 
C,,H,,0,N n-Octylurethane, 186. 
C,,H,,0.N, Nonane-1:9-dicarbonamidoxime, 1255. 


11 IV 


C,,H,O,NS 2-Cyanonaphthalene-7-sulphonic acid, potassium salt, 255. 
C,,H,0. Nitronaphthyl methyl sulphides, 126. 
C,,H,,0,.N,P Phenylphosphorylguanine, 915. 
C,,H,,0,N,8 p-(2-Pyridylamino)benzenesulphonamide, 1202. 
2005 
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C,,H,,NCII 4-Chloroquinoline ethiodide, 1011. 
C,,H,,0.NNa Sodium acetoacetomethylanilide, 488. 
2-Methylthiolquinoline methiodide, 147. 
C,,H,,ONBr 3-Bromo-4-acetamidocumene, 1302. 
C,,H,,NIS, 1-Ethylthiolbenzthiazole ethiodide, 148. 
C,,H,,0,NAs £-Phenylpropionodimethylamide-p-arsonic acid, and its sodium salt, 157. 
S Vicnyiqveplenccthgtneside-p-entale acid, and its salts, 157. 


C,, Group. 


C,.H,, Hexamethylbenzene, crystal structure of, 1324. 


1220 
C,,H,O, alloBergapten, 932. 


C,.H,O, 5-Hydroxy-6-acetylcoumarin-3-carboxylic acid, 134. 

C,,.H,N, 1-Naphthonitrile-7-amidine, hydrochloride of, 256. 

C,,.H,.0 3-Hydroxydiphenyl, 122. 

C.20H,oN, cis- and trans-Azobenzenes, crystal structure and configuration of, 232; dipole moments of, 
531. 


C,.H,,As, Arsenobenzene, dipole moment and configuration of, 677. 

C,.H,,0, 7-Methyl-3:4-dihydro-l-naphthoic acid, 947. 

C,,0,,0, 6-Methoxy-2-formyl-3:7-dimethylcoumarone, 1600. 

C,.H,,.0, 6-Methoxy-3:7-dimethylcoumarone-2-carboxylic acid, 1599. 
6-Methoxy-3-methylcoumarone-2-acetic acid, 1598. 

C,.H,,0, 4:6-Dimethoxy-7-methylcoumarone-2-carboxylic acid, 925. 
Ethyl 6-hydroxy-4-methoxycoumarone-2-carboxylate, 931. 

‘N 1-Benzyl-2-pyridoneimine, salts of, 1857. 
Naphthylenediamidines, and their dihydrochlorides, 255. 
2:2’-Diaminodiphenylamine, 160. 
6-Methoxy-2:3:7-trimethylcoumarone, 1600. 
3-Methoxy-6-acetyl-2-methylphenoxyacetic acid, 1599. 
3:5-Dimethoxy-2-formylmethylphenoxyacetic acids, 924. 
8-2-(5-Phenylpyrryl)ethylamine hydrochloride of, 1744. 

2 Diguanidonaphthalene, dinitrates of, 255. 
C,.H,,0, 6-Methoxy-2:3:7-trimethylcoumaran, 1600. 
1-y-p-Tolyl-n-valeric acid, 1507. 
12H,,0, Cellulose acetate, 1887. 
C,.H,,0, 1-Carboxymethylcyclohexane-1l-succinic acids, 85. 
C,.H..0, 5:9-Dimethyldecadienic acids, 1548. 
C,,H..0, By-Dimethyl-48-hepten-{-one, 437. 
Ethyl cyclopentylmethylacetoacetate, 1549. 
C,.H,,0,, 2-d-Galacturonido-l-rhamnose, and its barium salt, 1470. 
C,.H..0, 5:9-Dimethyldecenoic acids, 1547. 
Ethyl hexahydrocuminates, 1246. 
y-sec.-isoOctyl-y-butyrolactone, 1547. 
Tetrahydrocitrylideneacetic acid, 1546. 
C,,H,.0, isoButyl t-tartrate, 967. 
C,,H,,0, -Butyl dl-n-heptane-y-carboxylate, 637. 
C,.H,,N, 1:1’-Diguanyl-4:4’-dipiperidyl, dihydrochloride of, 256. 
C,,.H..N, Decane-1:4-dicarbonamidine, dihydrochloride of, 1256. 


12 

C,,H,0,N, 6-Nitro-88-naphthalaz-1:4-dione, and its sodium salt, 837. 

C,,.H,O,.N, af-Naphthalaz-1:4-dione, 837. 

On hthalaz-1:4-dione, and its sodium salt, 837. 

C, N, cis-mm’-Dinitroazobenzene, 1313. 

C,,H,O,N, 7-Hydroxy-8-acetylcoumarin-3-carboxylic acid, 951. 

C,,.H,O.N, 6-Amino-88-naphthalaz-1:4-dione, 837. 

cis-Nitroazobenzenes, 1313. 

C,,H,O,N, Pyridine-2-aldehyde 2:4-dinitrophenylhydrazone, 782. 

C,,.H,N,I cis-p-Iodoazobenzene, 1315. 
2H,,OBr, Dibromo-4-methoxy-6-methylnaphthalene, 797. 

C,.H,,0,.N, p-Azophenols, dipole moments of, 535. 

C,,H,,0: Phenyl.2-pyridylearbinol, 811. 

C,,.H,,0Br 1-Bromo-4-methoxy-6-methylnaphthalene, 797. 

C,.H,,0,N 5-Acetamido-l-naphthol, 788. 

C,.H,,N,I 4-Cyanoquinoline ethiodide, 1010. 
12H, Bromotetrahydrocarbazoles, 238. 

C,,H,,ON -2-(5-Pheny ljethylamine, and its salts, 1744. 
12H,,0. 6-Methoxy-3-methylcoumarone-2-acetamide, 1598. 
12H 2-Ethylthio-4-methylquinoline, 1323. 
B-2-(5-Phenylthienyl)ethylamine, and its salts, 1745. 

C,,H,,0,.N Acetoacetethylanilide, 488. 





Formula Index. 


C,.H,,0,Br Eth a 6 Seven, 8-cnstheny heehee em, 1166. 
C,.H,,0;N, Methyl ee ormy]-5-ethylbenzoate semicarbazone, 301. 
C,H, 1-Thio-2-isoamy]-1:2-dihydrobenzthiazole, 475. 
C,.H,,ON -2-(5-Phenyltetrahydrofuryl)ethylamine, hydrochloride of, 1747. 
C,:H,,0,N Nitroethoxydurene, 985. 
C,,H,,0,N Acetyl-2:4:6-trimethoxybenzylamine, 90. 
C,.H,,ON, m-Diethylaminobenzaldehyde semicarbazone, 1093. 
C,,H,,0.N, mg We wea ag pon 984. 
C,,.H,.0. Decane-1-carbonitrile-10-carbonamide, 1256. 
12H; 2:4:6-Trimethyl 3-acetamido-8-methylaltroside, 273. 
C,,H,,0,N Trimethyl dimethylaminomethylglucoside, 279. 
C,,.H,,0.N, Decane-1:10-dicarbonamidoxime, and its dihydrochloride, 1255. 


12 IV 


C,,H,O,N,Cl, Tetrachloro-4:4’-dinitroazoxybenzene, 1313. 
C,.H,O.NF, mm/’-Difluoro-o-indophenol, 1408. 
C,,H,ON. 0o’-Di-iodoazoxybenzene, 1315. 
C,,.H,N,KAu Potassium 2:2’-dipyridylaurocyanide, 427. 
— Methylthiolnaphthoxazoles, 149. 
hiomethy]-1:2-dihydronaphthoxazoles, 150. 
C,:H,O,N.I 3-Iodo-1-nitroaceto-2-naphthalide, 346. 
C,,H,O,N,8 2:4-Dinitro-5-aminodiphenylsulphone, 905. 
C,:H,,ONCI y-Trichloro-£-hydroxy-a-(4-quinolyl)propane, 1242. 
19Fy 8 2-Nitro-3-aminodiphenylsulphone, 905. 
2-Ni itro-5-aminodiphenylsulphone, 905. 
POE Sg a eer ere 905. 
C,,H,,0,N.Hg 1-Nitro-2-naphthylamine-3-mercuriacetate, 346. 
C,.H,,0,BrAs of Reg eee sree acid, 1723. 
,.H,,0 8-Bromo-7:9-dinitro-y-indoxylspirocyclopentane, 239. 
12H, ,0. 4-Chloro-6-acetamido-2-quinaldine, 566. 
C,:H,,0,NS Nitronaphthyl ethyl sulphides, 127. 
2:4-Diketotetrahydrothiazole-2-benzylidenehydrazone-5-acetic acid, 1049. 
2H, ,N 4-Chlorobromo-2:6:8-trimethylquinoline, 786. 
2H,,ONBr Bromo-2:6:8-trimethyl-4-quinolone, 786. 
3:4-Diaminodiphenylsulphone, 905. 
Phen: ee a 915. 
2-Ethylthiolquinoline methiodide, 147. 
2-Thionaphthenyl ethyl ketone semicarbazone, 1007. 
Ethyl £-p-bromophenylaminocrotonate, 565. 
a Sodium acetoacetethylanilide, 488. 
2:4-Diketotetrahydrothiazole-2-3’-methyleyclohexylidenehydrazoné-5-acetic acid, 1049. 
12g m-Diethylaminobenzaldehyde methiodide, 1093. 
C,.H,,0,NAs £-Phenylpropiono-n-propylamide-p-arsonic acid, and its sodium salt, 158. 
C,.H,,0,SNa Sodium dodecyl sulphate, conductivity of alcohol—water solutions of, 522. 


12V 


C,,H,OCIBrAs 10-Chloro-2-bromophenoxarsine, 1723. 
C,,H,OCI,BrAs 2-p-Bromophenoxyphenyldichloroarsine, 1723. 
C,.H,0.N. 2:2’-Dihydroxyazobenzene chromichloride, 831. 
CizH,0 N 3-Chloro-4-nitrodiphenylsulphone, 906. 
5- hloro-2-nitrodi henylsulphone, 904. 
C,.H,,O,NCIS 3-Chloro-4-aminodiphenylsulphone, 906. 
Cc, Dichloromonoamminotributylarsinepalladium, 1634. 
C,,H;,ON,Br,Au, (88-Diaminodiethyl ether)tetraethyldibromogold, 767. 


C,, Group. 


C,;H,, 2-Methyl-6-ethylnaphthalene, 793. 
C,;D,. Decadeuterofluorene, 430. 


13 0 


C,,H,O, 7-Methoxy-5:6:4’:5’-furocoumarin-3-carboxylic acid, 932. 
C,;3H,,.0 Benzophenone, photolysis of, 590. 
C,;H,,0,; 3-Hydroxydiphenyl-4-carboxylic acid, 122. 
C,,H 5-Hydroxy-3:6-diacetylcoumarin, 134. 
7- ydroxy-3:8-diacetylcoumarin, 951. 
C,,;H,,0, 5-Hydroxy-6-acetyl-7-methylcoumarin-3-carboxylic acid, 950. 
C,;H,,N Phenanthridine, dipole moment of, 1392. 
C,;,;H,,0 rag ray pees Or 792. 
C,,H,,0, 7-Ethyl-l-naphthoic acid, 947. 
C,,H,,0, Euparin, 925. 
B-2-(5-Phenylfuryl)propionic acid, 1744. 





13 0—13 Formula Index. 


C,;H,,0. Hydroxy-6-propionyl-4-methylcoumarin, 1252. 
ilothyl3 3: 4dih ydronaphthalene-1:2-dicarboxylic acid, 947. 
6. Propionoxy-4-methylcoumarin, 1252. 
C,,H,,0; 6- wy methylcoumarone-2-pyruvic acid, 1598. 
C..H..0, Ethyl 6-hydroxy-4-methoxy-7- formylcoumarone- 2-carboxylate, 931. 
chaste ylazobenzene, 1313. 
OHO, 7-Ethyl-3: 4-dihydro- ae) ee acid, 947. 
C,,H,,0, 7-Hydroxy-4:8-dimethyl-6-ethylcoumarin, 134. 
6-Hydroxy-4-methyl- 6-propylcoumarin, 1252. 
0,.H, ,0, 6-Methoxy-3:7-dimethylcoumarone-2-acetic acid, 1600. 
Ci. ,O, 4:6-Dimethoxy-3-acetoxy-2-methylcoumarone, 925. 
thyl 4:6-dimethoxycoumarone-2-carboxylate, 923. 
C,,H,,0, 2:5-Diacetoxy-3-methoxyacetophenone, 1926. 
13H,,N, 4-Guanido-4’-aminoazobenzene, nitrate of, 256. 
13H,,0, Ketone, from reduction of picrotoxinone, 941. 
19H,,0, Tetrahydroeuparin, 928, 935. 
19Hyg0, 5:7-Dihydroxy-6-acetyl-2:2-dimethylchroman, 1259. 
B-( —e shanath ethylmalonic acid, 947. 
C,,H,,0, Ethyl 3:5-dimethoxy-2- formylphenoxyacetate, 923. 
C,,H,,0 2-Hydroxymethylethyl-5:6:7:8-tetrahydronaphthalenes, 941, 942. 
C,;H,,.N o-Dimethylamino-8-methyl-a-ethylstyrene, 463. 
C,,H.,O 2-sec.-iso ee ca nag pee oye 1548. 
C,,H,,0, Ethyl p- 7: -e-methyl-af-dihydrogeranate, 437. 
C,,H.,.0, isoAmyl dl-n-heptane-y-carboxylate, 637. 


138 


GuHt:OD, Pentadeuterobenzophenone, 1961. 

5 a-Pentadeuterophenylbenzylamine, resolution of, and its hydrogen d-tartrate, 1961. 
0.8.0 2-Nitrodiphenyl-5-carboxylic acid, 1292. 

C,;H,,ON, 2-Methoxyphenazine, 161. 

a : OF N-Bromobenzanilide, pee ee of, in chlorobenzene, 1096. 
C,,H,,0,8 5-Keto-4-benzylidene-2-methy]-4:5-dihydrothiophen-3-carboxylic acid, 1117. 
C,,H,,0,.N 2-Nitro-5-methyldiphenyl, 1392. 

C,.H,,0,N 2-Nitro-4’-methoxydipheny] ether, 1722. 

2:2’-Dinitro-4-methoxydiphenylamine, 161. 
o-Azophenol methyl ether, 1314. 
B-2-(5-Phenylthienyl)propionic acid, 1745. 
19H, Bromobenzhydrylamines, 1959. 
C,,H,,0ON 2-Amino-5-methyldiphenyl ether, 1723. 
Phenyl-2-pyridylmethylcarbinol, and its picrate, 811. 
C,,;H,,0,.N 6-Acetamido-2-methoxynaphthalene, 1399. 
2-Amino-4’ ’-methoxydipheny] ether, 1722. 
a LONE 2-acetylnaphthalene oxime, 1399, 
~—— oxime, 928. 
Cut i etocyclohexylideneanthranilic acid, 787. 
CisH ON 5- ae: -propionyl-4-methylcoumarin oxime, 1252. 
3H,,0,As olyloxyphenylarsonic acids, 1723. 
CHO NN 6- Apag et 3- methylcoumarone-2-pyruvic acid oxime, 1598. 
2-p-Anisyloxyphenylarsonic acid, 1723. 
C,.H,,0,N 6-Acetamido-4-hydroxy-2:3-dimethylquinoline, 565. 
B-2-(5- Phenylfuryl)propionhydraside, 1744, 
C,,H,,NCl 4-Chloro-2:3:6:8-tetramethylquinoline, 787. 
C,,H,,ON m-Diallylaminobenzaldehyde, and its salts, 1093. 
2:3:6:8-Tetramethyl-4-quinolone, 786. 
C,,H,,ON, 2:2’-Diamino-4-methoxydiphenylamine, 161. 
B-2-(5 -Phenylpyrryl)propionhydrazide, 1744. 
0,8, 0. B-2-(5-p-Methoxyphenylfuryl)ethylamine, oe of, 1746. 
Cull, ,0,N 6-Methoxy-3:7-dimethylcoumarone-2-acetamide, 1 
C15H,O.Br 1-Ethy] 2-hydrogen 3-bromo-5-methoxy-4- ethoxyphthalate, 1164. 
ethyl 3-bromo-5-methoxy-4-ethoxyphthalate, 1164. 
C,,H, 2-isoPropylthio-4-methylquinoline, 1324. 
Gitte 4-Methoxycyclohexanone 2:4-dinitrophenylhydrazone, 188. 
C,,H,,0,N Tetrahydroeuparin oxime, 928. 
Cu NS cycloHexanone-5-phenylthiosemicarbazone, 1049. 
m-Di-n-propylaminobenzaldehyde, and its salts, 1093. 
oH ON 2:3-Dimethy] l-arabinose anilide, 754. 
2:4-Dimethyl d-arabinose anilide, 752. 
C,,H,,0 2- Ser ie nove anilide, 390. 
C,,H,,0N o-Dimethylaminophenyldiethylcarbinol, 463. 
OHO B-c itrylideneacetaldehyde semicarbazone, 1556. 

C,,H,,0 O.N, 2 -Carbethoxybutylcycloheptanone semicarbazone, 186. 
Cc HOON Dimethyl aminomethylhexoside diacetate, 273. 

C,.H,.ON, 2 Undecane-1-carbonitrile-11-carbonamide, 1256. 

C,,;H,,0N, Undecane-1-carbonitrile-11-carbonamidoxime, and its hydrochloride, 1255. 
2008 





Formula Index. 


C,,;H.,0.N, Undecane-1-carbonamide-11-carbonamidoxime, and its - |— 1255. 
230,.N, Undecane-1:11-dicarbonamidoxime, and its dihydrochloride, 1255. 


13 IV 
C,;H,O,N.Cu Copper benzeneazosalicylate, 835. 
" °NS, 1-Benzenesulphonylbenzisothiazolone, 761. 
2-Benzenesulphonyloxybenzisothiazole, 761. 
C,;H,0, 5-Keto-4-o-nitrobenzylidene-2-methyl-4 : 5-dihydrothiophen-3-carboxylic acid, 1117. 
Ciethie 10-Chloro-4-methylphenoxarsines, 1723. 

C, 3H, 0. 10-Chloro-2-methoxyphenoxarsine, 1723. 
5-Chloro-7:9-dibromotetrahydroacridine, 786. 
7:9-Dibromotetrahydroacridone, 785. 

1-Thio-2-ethyl-1:2-dihydro-a-naphthoxazole, 150. 
C,;H,,0Cl,As 2-Tolyloxyphenyldichloroarsines, 1723. 
Sp ee on phenyldichloroarsine, 1723. 
3-Chloro-4-methoxydiphenylsulphone, 906. 
12 5-Chloro-7-bromotetrahydroacridine, 785. 
CoH, 0,NCl 5-Chlorotetrahydrocarbazole-8-carboxylic acid, 238. 
C,;H,,0,N.P Lg ce pee a nee ne sodium salt, 915. 
C,,H,,0,N,8 2:4-Diketo-3-methyltetrahydrothiazole-2- benzylidenehydrazone-5- aentie acid, 1050. 
2:4-Diketotetrahydrothiazole-2-a- Cae re me ag uae 5-acetic acid, 104 
Ge OR f-2-(5-Phenylthienyl)propionhydrazide, 1745. 
48, Ethyl 1:3-dithian-5-one-4-carboxylate 2: inrophenhgdecoe 348. 
Oth. B-2-(5- a wap eM ge samme hydrochloride of, 1747 

C,,H,,.NIS 2-Ethylthiolquinoline ethiodide, 147. 

C,,H,,0,NI Trimethyl methylglucosidyl-2-trimethylammonium iodides, 279. 


13 V 


C,,;H,0,N 4:6-Dichloro-1-benzenesulphonylbenzisothiazolone, 761. 
GisHi,0 4-Chloro-1-benzenesulphonylbenzisothiazolone, 761. 
oN 


C,H) 5-Chloro-2-nitro-4’ auten ipheny] sulphide, 905. 
C,3H,,0,NCIS 5-Chloro-2-nitro-4’-methyldiphenylsulphone, 905. 


C,, Group. 


C,,H,, Octahydro spheneniinaeen 172. 

Me Dodecahydrophenanthrenes, 849. 
C,,H,, Perhydrophenanthrenes, stereoisomerism of, 842, 850. 
C,,H,, 1-Methyl-2-sec.-isooctyl-41-cyclopentene, 1548. 


140 
C,,H,O, 3-Phenylphthalic anhydride, 396. 
Benzil, structure of, 1614. 
p- Naphth lidenemalonic acid, 200. 
2-Meth ichenel-&-caghenntie acid, 1287. 
7-Ethy]-3:4-dihydronaphthalene-1:2- ‘dicarboxylic anhydride, 947. 
lidene-p-methoxyacetophenone, 1745. 
C,,H,,0, Ethyl 6- { ne amy roma -3-carboxylate, 121. 
C,,H Ethyl 5-hydroxy-6-acetylcoumarin-3-carboxylate, 134. 
Ethyl 7- a edhe 8-acetylcoumarin-3-carboxylate, 951. 
5-Hydroxy-6-acetyl-8-ethylcoumarin-3-carboxylic acid, 950. 
GuHds O-Methyleuparin, 928. 
14H,,0, 5-Butyroxy-4-met - 1252. 
7-Ethy = :4-dikydronaphth ene-1:2-dicarboxylic acid, 947. 
5-Hydroxy-6-butyryl-4-methylcoumarin, 1252. 
B- 2.i5-p. Methoxyphienylforylipropionic acid, 1746. 
C,,H,,0; 6-Methoxy-3:7-dimethylcoumarone-2-pyruvic acid, 1600. 
C,,H,,0, 2:3:6- Seinsshenpescieghonenn, 1926. 
C,,H,,.N, cis-m-Azotoluene, 1313. 
p-Azotoluene, dipole moment of, 533. 
C,H. 2- Dimethylaminodiphenyl, 1200. 
4-Methylbenzhydrylamine, and its d-bromocamphorsulphonate, 1959. 
GuHt0 Py coe ee, ketone, 1563. 
C,,H,,0, cis-7-Hydroxy-9-hexahydroxyphenanthrone, 174. 
2-Methoxymethylethyl-a- tetralones, 942. 
f4-Methory-6- methyl- I-naphthylethy! alcohol, 797. 
2-Phenylcyclohexylideneacetic acid, 17 
C,,H,,0, 5-Hydroxy-4-methyl-6- Seisinenamnies 1253. 
C14HLu0, te 1 6-methoxy-3:7-dimethylcoumarone-2-carboxylate, 1599. 
ethyl 4: "dik eto-7-phenylheptoate, 1745. 
mo a7 acid, 942. 
C,.H 4:7-Diketo-7-p-methoxyphenylheptoic acid, 1745. 
int 4:6-dimethoxymethylcoumarone-2-carboxylates, 924. 


oxynorpicrotic acid, 942. 
0, sO, 2:5:6- Triacetoxy- -3-methoxytoluene, 1455. 





14 0—14 Formula Index. 


CHM, 4’-Amino-3:4-dimethyldiphenylamine, and its eeeteenenes, 1160. 
C,,H,,N, 2:2’-Diamino-4:4’ ene te a see lamine, 1 
C,,H,,0 5-Hydroxyhydrindene-1-spirocyclohexane, 71. 
cis-7-Hydroxyoctahydroxyphenanthrene, 175. 
C,,H,,0, trans-p-n-Amyloxycinnamic acid, 425. 
O-Methyltetrahydroeuparin, 928. 
C,,H,,0, 7-Hydroxy-5-methoxy-8-acetyl-2:2-dimethylchroman, 1259. 
B-Methylethylanisoylpropionic acids, 942. 
OHO Ethyl 3:5-dimethoxy-2- formyl-4- methylphenoxyacetate, 924. 
0 cycloCitrylidenecrotonaldehyde, 1559. 
xe tododecahydrophenanthrenes, 846. 
l ry: -p- “tolyl ntyl ketone, 1507. 
C,,H.,0, Phenyl % -n-heptyl-y-carboxylate, 637. 
C,,H..0, y-Methylethylanisylbutyric acids, 942. 
Perhydrodiphenic anhydrides, 856. 
C,,H,,0  A-Dimethyl-4?8x-dodecatetraen-a-ol, 1552. 
9-Ketoperhydrophenanthrenes, 847. 
C,,H..0, Perhydrodiphenic acids, stereoisomeric, 850. 
C,,H.,N Diisobutylaniline, picrate of, 1386. 
CreHasAs Phenyldi- n-butylarsine, 1631. 
CH 0 2-Hydroxyperhydrophenanthrene, 175. 
Hydroxyperhy ophenanthrene, 848, 854. 
0,0 2:10- Dihydroxyperhydrophenanthrene, 175. 
Ethyl 5:9-dimethyl-4***-decadienate, 1548. 
0,.H,.0, 2-5- Carbethoxybutyle cloheptanone, 186. 
C,,H,,N, p-Aminodiisobutylaniline, hydrochloride of, 1385. 
C,,H.,O0 2-n-Heptylcycloheptanone, 186. 
B-3’-Hydroxycy phoapleth Icyclohexane, 176. 
C,,H,,0, Ethyl 5:9-dimethyl-4*-decenoate, 1547. 
C,,H,.0, a-sec.-isoOctyladipic acid, 1548. 


14m 


C,,H,0,.N, 4:6:4’-Trinitrodiphenic acid, resolution of, 98. 

C,,H,O,8 Diphenylenesulphone-3:6-dicarboxylic acid, 152. 

CuHON Carbazole-3:6- Eeecbongite acid, 1954. 

ge 10 w-Diazo-o-phenylacetophenone, 1840. 
C,,H HO, Bis-(2:5-dichlorophenylthio)ethane, 1067. 
u4H,,0,.N, 3-Anilinophthalhydrazide, 138. 
ne 1-Thio-2-benzyl-1:2-dihydrobenzthiazole, 475. 
C,,H,,0N. 2-Methoxy-7-methylphenazine, 161. 
uH,,0,8 5-Keto-4-0-methoxy benzylidene-2-methyl-4:5-dihydrothiophen-3-carboxylic acid, 1117. 

14H,,0,N, Resacetophenone 2:4-dinitrophenylhydrazone, 1018. 

u Ammonium 4:5-(o)-phenanthrolineaurocyanide, 428. 

C,.H,;0. a-Benziloxime hydrazone, 262. 

CisHL.0.0 Salicylomethylanilide, 488. 
C,,H,,0,N 2.Nitrodimethyldiphenyl ethers, 1722. 
14Hys 2:2’-Dinitro-4-methoxy-4’-methyldiphenylamine, 160. 
Ha 2-Benzylthio-8-naphthathiazole, 476. 
ud : oi cis-p-Azoanisole, 1314. 

lee ee ene, 1314. 

Diphenyl-4:4’-dicarbonamidoxime, and its dihydrochloride, 1256. 
B-2-(5-p-Methoxyphenylthienyl)propionic acid, 1746. 
Ethylene-af-bis(phenylchloroarsine), 612. 

C..His Ethylene-af-bis( —- aglisecnsian, 613. 

C,,H,,ON 2- Aminodimethyl iohengl ethers, 1722. 
2-Benzylidene-3-ketoquinuclidine, 1243. 
2-Dimethylaminodiphenyl] ether, 1200. 

oe 2-Methyl-8-acetonaphthone semicarbazone, 793. 

C,.H,.0,N Acetyl-g-2-(5-phenylfurylethylamine, 1745. 

C,,H,,0,N £-2-(5-p-Methoxyphenylpyrryl)propionic acid, 1746. 
Methyl £-2-(5-phenylfuryl)ethylcarbamate, 1744 
ole. 9 Wine 4 -bebo-cttabgteuhennationse, 174, 

C,,H,,0,N, Euparin semicarbazone, 928. 

CH O.N 5- athena -6-butyryl-4-methylcoumarin oxime, 1252. 

O,As methylphenoxy)phenylarsonic acids, 1723. 


uH 15 


6- Metheny. 3:7-dimethylcoumarone-2 —— acid oxime, 1600. 


a, 5 -2-(5- eye re en ee ydrazide, 1746. 
Ethylene-af-bis(phenylarsonic acid), 612. 

OO Amino-9-keto-oc tah drophenanthrene, 174. 
14H,,0,.N, 2:2’-Diamino-4: -4’-dimethoxyai henylamine, 160. 
B-2-(5-p-Methoxyphenylpyrryl) ionhydrazide, 1746. 
Gut , m-Diallylaminobenz dehyde semicarbazone, 1094. 

C,,H,,0,.N, Hypaphorine, and its atone 1841. 
C,,H,,0,N, Ethyl p-p-ccctamidophenylemincervtonate, 565. 
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Formula Index. 


C,,H,,0;N, 4-Methoxycycloheptanone 2:4-dinitrophenylhydrazone, 189. 
C,,H,,0O,N O-Methyltetrahydroeuparin oxime, 928. 
C,.H,,0O,N 6-Cyano-5:7-dimethoxy-2:2-dimethylchroman oxime, 1261. 
2:4-Dimethy] 3:6-anhydro-d-galactose anilide, 1848. 
C,,H,,0;,N Butyl tartranilates, 640. 
C,,H,.N,8 3-Methylcyclohexanone-3-phenylthiosemicarbazone, 1050. 
HO {Serene orien B-methylgalactose, 1250. 
9-Ketododecahydrophenanthrene oximes, 846 
a: 2:4-Dimethyl galactosanilide, 1737. 
4:6-Dimethyl d-galactosanilide, 1488. 
Dimethylglucoseanilide, 584. 
C,,H,,0ON, p-Nitrosodiisobutylaniline, and its hydrochloride, 1385. 
C,,H,,ON, m-Di-n-propylaminobenzaldehyde semicarbazone, 1093. 
C,,H.,0,N, 2:4-Dimethyl galactonic phenylhydrazide, 1737. 
C,,H..NI 0-(8-Methyl-a-ethylvinyl)phenyltrimethylammonium iodide, 463. 
C,,H.,ON 9-Ketoperhydrophenanthrene oximes, 847. 
C,,H.,0N, Perhydrofiuorenone semicarbazone, 857. 
C,,H,;0. 2-8-Carbethoxybutylcycloheptanone oxime, 186. 
C,,H.,ON 2-n-Heptylcycloheptanoneoxime, 186. 
C,,H,,0,.Br Ethyl bromo-5:9-dimethyldecoate, 1547. 


14 IV 


C130 19Brs8, Tetrabromoanthrarufin-2:6-disulphonic acid, and its potassium salt, 818. 
C,,H,0,N,Cl 3-Chloro-N-p-nitrophenylphthalimide, 137. 
C,,H,0,BrS 4-Bromo-1l-hydroxyanthraquinone-2-sulphonic acid, 818. 
14H,0, 4-Bromoalizarin-3-sulphonic acid, potassium salt, 818. 
C,,H,ONC], Trichloroacetylcarbazole, 1954. 
14H,N,KAu Potassium 4:5(0)-phenanthrolineaurocyanide, 428. 
C,,H,N,TIAu Thallous 4:5(0)-phenanthrolineaurocyanide, 428. 
C,,H,ON,C1 Oximinophenylacetonitrile chlorophenyl ethers, 775. 
C,,H,,.NCIS, 4-Chloro-1-benzylthiobenzthiazole, 476. 
C,,H,,0,N8, 1-p-Toluenesulphonylbenzisothiazolone, 761. 
2- SSulpsncseishonytenybenntosthiansth, 761. 
,,H,.0 N-p-Toluenesulphonyl-o-benzoicsulphinide, 761. 
C,,H;,,0. Formochlorobenzhydrylamide, 1960. 
C,,H,,ONBr Formo-4-bromobenzhydrylamide, 1959. 
C,,H,,ONI Pees Sener mide, 1960. 
C,,H,,0CIAs 10-Chlorodimethylphenoxarsines, 1723. 


CO FAY, Ne eect mr | mee 905. 


2-(Dimethylphenoxy)phenyldichloroarsines, 1723. 
$-Aeetomidediphenyietphons, 905. 
Bromoacetyltetrahydrocarbazoles, 238. 

C,,H,,0 8-Bromo-6-acetyl-y-indoxylspirocyclopentane, 239. 

C,,H;, ;0. poe be -2-(5-phenylthienyl)ethylamine, 1745. 

C,,H,,0.NS Met m4 B-2-(5-phenylthienyl)ethylcarbamate, 1745. 

C,,H,,0,N,8 2:4- IE nn ee A i he ort ae acid, 1049. 

C,,H,;0,N,8 3-Nitro-4-dimethylaminobenzenesulphonanilide, 1702. 

C,,H,,0.N.8 -2-(5-p-Methoxyphenylthienyl)propionhydrazide, 1746. 

C,,H,,0;NC] 7-Chloro-10:11-dihydroxy-9-acetylhexahydrocarbazole, 239. 

C,,H,,0,NBr 7-Bromo-10:11-dihydroxy-9-acetylhexahydrocarbazole, 239. 

C,,H,,0,N,P Guanine-uridylic acid, 907. 

C,,H,,0,N,8 2:4-Diketo-3-methyltetrahydrothiazole-2-a-phenylethylidenehydrazone-5-acetic acid, 1050. 

C,,H..0,NAs §-Phenylpropionopiperidide-p-arsonic acid, and its sodium salt, 158. 

C,,H,,ONC1 Dodecahydrophenanthrene nitrosochloride, 849. 

14 INI m-Di-n-propylaminobenzaldehyde methiodide, 1093. 
C,,H;,.N,Br,Au, NN-Diethylethylenediaminotetraethyldibromodigold, 767. 


14V 
C,,H,,0,NCiS, 4-Chloro-1-p-toluenesulphonylbenzisothiazolone, 761. 


C,, Group. 


C,;H,, J-a- and £-Curcumenes, 1506. 
C,;H., et hyllene, constitution of, 537. 
9-Methyldodecahydrophenanthrene, 850. 


15 
C,;H,.0, 5:6-Dihydroxyflavone, 960. 
’ C,;H,oN, 1:2-Pyrido-8:9-benzo-4:5-benz-1:3-diazaline, 1064, 
C,;H,,N, 1:2-Pyrido-7-amino-8:9-benzo-4:5-benz-1:3-diazaline, 1064. 
1:2-Quinolo-7-amino-4:5-benz-1:3-diazaline, 1061. 
1:2(2’:1’)-isoQuinolo-7(or 9)-amino-4:5-benz-1:3-diazaline, 1062. 
1:2(2’:1’)-isoQuinolo-7-amino-4:5-benz-1:3-diazaline, 1063. 
C,;H,,0, 2-Methyl-2’-isopropenylfuro(4’:5’:6:7)chromone, 936. 
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15 0—15 Formula Index. 


C,;H,,0, 2’:3’:4-Trimethylchromono-7’:8’:6:5-a-pyrone, 1252. 

C, ,H,.0; Butein, 1018. 

C,,H,,0, 7-Acetoxy-3:8-diacetylcoumarin, 951. 

thyl 7-methoxy-5:6:4:5’-furocoumarin-2’-carboxylate, 931. 

C,,H,,0, Dunniones, 1526, 

Ethyl 3-hydroxydiphenyl-4-carboxylate, 122. 
2-Hydroxy-6-benzyloxyacetophenone, 1924. 
Xyloquinol benzoates, 544. 

C, H..0, 2:5-Dihydroxy-6-benzyloxyacetophenone, 1924. 
Euparin acetate, 928. 
6-Hydroxy-5-acetoacetyl-2-isopropenylcoumarone, 936. 

C,,H,,0, 5-Acetoxy-6-propionyl-4-methylcoumarin, 1252, 
5-Hy gery an meets dee ee 950. 

C,;H,,0, Methyl 5-hydroxy-3-acetyl-8-ethylcoumarin-6-carboxylate, 301. 

15,40, Vitexin, 1635. 
C,,H,,N, 1:2-Tetrahydropyrido-8:9-benzo-3:5-benz-1:3-diazaline, 1065. 
1sH,,N, 1:2-Tetrahydropyrido-7-amino-8:9-benzo-4:5-benz-1:3-diazaline, 1064. 

C,,H,,O0 7-Methoxy-1:2:3:4-tetrahydrophenanthrene, 175. 

C,;H,,0, Xyloquinol benzyl ethers, 543. 

C,;H,,0, Ethyl f-2-(5-phenylfuryl)propionate, 1744. 
2-Methoxy-2’-ethoxydiphenyl] ether, 1165. 
2-Methoxy-3-ethoxydiphenyl ether, 1168. 
3-Methoxy-2-ethoxydiphenyl ether, 1166. 
2-Methyl-2’-isopropyl-2’:3’-dihydrofuro(4’:5’:6:7)chromone, 936. 

C,;H,,0, 5-Methoxy-6-butyryl-4-methylcoumarin, 1252. 

C,;H,,0, Cichoriin, 1267. 

15H,,0, Parasantonide, circular dichroism and rotatory dispersion of, in ultra-violet, 889. 
Santonide, circular dichroism and rotatory dispersion of, in ultra-violet, 889. 
Santonin, addition of magnesium iodide to, 1961. 

C,;H,,0, Ethyl 4:7-diketo-7-phenylheptoate, 1744. 
6-Hy roxy-5-acetoacetyl-2-1sopropylcoumaran, 936. 

Methyl norpicrotate, 942. 
Tetrahydroeuparin acetate, 928. 

C,;H,,0; Methoxynorpicrotic acid, 942. 

Methyl 4:7-diketo-7-p-methoxyphenylheptoate, 1746. 

C,,H,.0 5-Methoxyhydrindene-1-spirocyclohexane, 177. 

C,;H..0, 2-(y-m-Methoxyphenylpropyl)cyclopentanone, 1405. 

C,;H. 0, trans-p-n-Hexyloxycinnamic acid, 425. 
y-(5-Methoxy-1:2:3:4-tetrahydro-1-naphthyl)butyric acid, 790. 

C,;H,.0,; Ethyl hydroxynorpicrotate, 942. 

C,;H..0, Dihydro-a-picrotoxinic acid, 1265. 

C,;H,,N §8-Curcumenonitrile, 1509. 

C,;H,.0 /-8-Curcumenal, 1509. 

Eremophilone, constitution of, 87. 
B-m-Methoxyphenylethylcyclohexane, 176. 

C,,H,.0, Hydroxyeremophilone, constitution of, 87. 

C,;H.,0, Hydroxydihydroeremophilone, 87. 

C,;H,,N 0o-Dimethylamino-§f-dimethyl-a-isopropylstyrene, 462. 

C,;H.,0 Caryophyllene oxide, 539. 

Dihydrocaryophyllene aldehyde, 539. 

C,,H,,N /-Dihydro-a-curcumenylamine, 1506. 

C,;H,,0 Dihydrocaryophyllene oxides, 539. 

C,;H..N, 2-Decylaminopyridine, 1856. 
1-Decyl-2-pyridoneimine, sulphate of, 1856. 

C,,H,,.N, Tetradecanecarbonamidine, hydrochloride of, 1257. 


15 Oi 


C,,H,0,N, 1:2-Pyrido-7-nitro-8:9-benzo-4:5-benz-1:3-diazaline, 1064. 
1:2-Quinolo-7-nitro-4:5-benz-1:3-diazaline, 1061. 
1:2(2’:1’)-isoQuinolo-7-nitro-4:5-benz-1:3-diazaline, 1063. 
1:2(2’:1’)-isoQuinolo-7(or 9)-nitro-4:5-benz-1:3-diazaline, 1062. 

C,;H,,0.N, 5-Nitroindeno(2’:3’:2’3)indole, 1535. 

C,;H,,0,N, N-2’:4’-Dinitrophenyl-2-aminoquinoline, 1061. 
N-2’:4’-Dinitrophenyl-1-aminotsoquinoline, 1062. 

C1, O,N 3-Methylacridone-6-carboxylic acid, 139. 

hthalo-4’-methoxyphen limide, 1170. 

C,,H,,ON, Oximinop cnplnsctentaite tolyl ethers, 775. 

C,,H,,0,8 5-Keto-4-cinnamylidene-2-methyl-4:5-dihydrothiophen-3-carboxylic acid, 1117. 

CH 2:4-Dihydroxy-3-formylacetophenone 2:4-dinitrophenylhydrazone, 134. 

risticinaldehyde 2:4-dinitrophenylhy one, 443. 


EG 2:4-dinitrophenylhydrazone, 951. 


C,H 3-p-Toluidinophthalhydrazide, 139. 
1sHis 3-p-Anisidinophthalhydrazide, 139, 
C,,H,,0,N aaa iis 1285. 
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Formula Index. 


C,;H,,0,N, 2:4-Dinitrobenzylidene-p-dimethylaminoaniline, 772. 
15H,,0,N, 2-O0-Methylresacetophenone 2:4-dinitrophenylhydrazone, 929. 
C,,;H,,ON, 1-[2’-Amino-4’-hydroxypheny]l]-5- methyl-2. methylbenziminazole, 162. 
0,N Salicylethylanilide, 488. 
5-Methoxy-1-[2’ -amino-4’-hydroxyphenyl]-2-methylbenziminazole, 162. 
, Diphenylmethane-4:4’-dicarbonamidoxime, and its dihydrochloride, 1256. 
CisH0 Mot yl B-2-(5-p-methoxyphen a 1)propionate, 1746. 
C,;H,,.NCl 5-Chloro-7:9-dimethyltetrahy e, 786. 
C,;H,,ON, 2-Methyl-6-propionaphthone semicarbazone, 794. 
CH ON, Eth 1B. 2-(5-phenylpyrryl)propionate, 1744. 
15a 6-Nitro-4-piperidino-2-quinaldine, 566. 
C, ;H,,0. Dunnione semicarbazone, 1526. 
HON Methyl 8-2-(5-p-methoxyphenylfuryl)ethylcarbamate, 1746. 
CuHuON 1-Phenyl-3-methyl-4-cyclopentyl-5-pyrazolone, 1548. 
e,,0 0.N, dl-Cryptone 2:4-dinitrophenylhydrazone, 1532. 
Sabina ketone 2:4-dinitrophenylhydrazone, 1417. 
trans-4- “Methyleyclohexy!- l-carbinyl 3:5-dinitrobenzoate, 1247. 
dl-Cryptone p-nitrophenylhydrazone, 1532. 
trans-4-Methylcyclohexyl-l-carbinyl p-nitrobenzoate, 1247. 
Ethyl ho-castiaiibansinines: methylcrotonate, 565. 
4-Methylcyclohexanone 2:4-dinitrophenylhydrazone, 187. 
trans-4-Methyleyclohexyl- Leshiegl shinglassthena, 1247. 
2- Scthatymatnaithelve: tetralone semicarbazones, 942. 
& Methylethylanisoylpropionic acid semicarbazones, 942. 
C,.H., on (—)-B-n-Amy] (-+-)-tartranilate, 639. 
B-Met yl-n-butyl (+-)-tartranilate, 639. 
“N N-Carbobenzyloxymethylglucosaminides, 125. 
C;;H,,0N 1-8-Curcumenal oxime, 1509. 
15H2,;0N, cycloCitrylidenecrotonaldehyde semicarbazone, 1559. 
2:4:6-Trimethyl d-galactose anilide, 1486. 
imethylglucoseanilide, 584. 
0..H1,0N o-Dimethylaminophenylditsopropylearbinol, 462. 
C,;H,,ON, Tridecane-l-carbonitrile-13-carbonamide, 1257. 
C,,H,,ON, Tridecane-1-carbonitrile-13-carbonamidoxime, and its hydrochloride, 1256. 
C,;H;,0.N, Tridecane-1:13-dicarbonamide, 1257. 
15H,,0N, Tridecane-l-carbonamide-13-carbonamidine, hydrochloride of, 1257. 
C,;H;,0.N, Tridecane-1:13-dicarbonamidoxime, and its dihydrochloride, 1256. 


15 IV 


G:sH.0.N0 3:6-Dichloro-N-p-tolylphthalimide, 137. 
C,;H,,0,NI NCI 3-Chloro-N-p-tolylphthalimide, 136. 
GieH 00 sNCl 3-Chloro-N-p-anisylphthalimide, 136. 
Oe, OGL fe -(2-Quinolylamino)benzenesulphonamide, and its hydrochloride, 1202. 
cetyl-dl-4-chlorobenzhydrylamide, 1960. 
Ot ONBr Bromobenzhydrylacetamides, 1959. 
oo Iodobenzhydrylacetamides, 1960. 
C,;H,,ON,S, 5:4’-(1’-Methyl-1’:4’-dihydroquinolylidene)-3-ethylrhodanine, 1013. 
Or Ont Cl Chloro-1-[2’-amino-4’-hydroxypheny]l]-5-methyl-2-methylbenziminazole, 162. 
°H,.0,N,Cl Chloro-5-methoxy-1-[2’-amino-4’-hydroxyphenyl]-2-methylbenziminazole, 162. 
OHO WN,Fe Benzyldimethyltelluronium picrate, 166. 
0, .H0.NAS B-Phenylpropionanilide-p-arsonic acid, and its sodium salt, 158. 
C,;H,,0,NS Acetyl-f-2-(5-p-methoxyphenylthienyl)ethylamine, 1747. 
0, 6H/0.NS Methyl B-2-(5-p-methoxyphenylthienyl)ethylcarbamate, 1746. 
C,;H,.0;NBr §-Methyl-n-butyl (-+-)-p-bromotartranilate, 640. 


C,, Group. 


C16Di. Decadeuteropyrene, 430. 


16 0 

Crees 6-O-Benzoylesculetin, 1267. 

Saat Calycanine, 510. 

4:4’-Dicyanostilbene, 1256. 

oH,,0 5 Hydroxy-6-methoxyflavone, 961. 
"3. droxy-7-methoxyflavone, 961. 
mS 9:10-Di(chloromethyl)anthracene, 805. 
C,.H,,0 8-Methoxy-l1-methylphenanthrene, 788, 791. 
Ciel, 40, 5-Phenyl-5:8:9:10-tetrahydro- a-naphthaquinone, 396. 

Cie Os 6- Benzyloxy-4-methoxycoumarone, 933. 

C,,H,,0, “ -Dimethyl-3’ -ethylchromono-7’:8’:6:5-a-pyrone, 1252. 
C,,-H,,0, 6’-Methoxy-3’:3-dimethyl-2’:3’-dihydrobenzofurano-(2’:3’:5:4)-A*5-cyclohexadienone-2-carboxylic 


acid, 1598. 
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16 1—16 mm Formula Index. 


C,,.H,,0, 4:4’-Dibydroxy-3:3’-dimethoxydiphenyl-5:5’-dialdehyde, 1927. 
C,.H,.0, Lapachol methyl ether, 884. 
2-Methoxy-4-benzyloxyacetophenone, 929. 
C,.H,,0, 5-Acetoxy-6-butyryl-4-methylcoumarin, 1252. 
5-Carboxy-3-methoxy-2-ethoxydipheny] ether, 1166. 
5-Phenox aN Me pe acid, 1167. 
C,,H,,.0, ~— 5-hydroxy-3-carbethoxy-8-ethylcoumarin-6-carboxylate, 301. 
C,,H,,0, 2:2’-Diethoxydiphenyl ether, 1165. 
C,,.H,,0, Ethyl p-2-(5-p-methoxyphenylfuryl)propionate, 1746. 
5’-Methoxy-2:2’:2’-trimethylchromano-8’:7’:5:6-y-pyrone, 1259. 
C,,H,,.0 9-Acetyloctahydrophenanthrene, 1364. 
C,,H..0, 1-Methyloctahydrophenanthrene-1l-carboxylic acid, 1301. 
1- “Phenylethy -2-methy]-4*-cyclohexene-2-carboxylic acid, 1301. 
C,,<H..0, Ethyl norpicrotate, 941. 
4-Methylcyclohexy]-l-carbinyl hydrogen phthalates, 1247. 
C,,H..0; 8-(5-Methoxy-1:2:3:4-tetrahydro-1-naphthyl)ethylmalonic acid, 790. 
Methyl methoxynorpicrotate, 942. 
C,,.H.,0; trans- A wy Hee 9 te at acid, 425. 
C,,H.,0, dl-8-Ethyl-n-hexyl hydrogen phthalate, 637. 
1eH.,0, Methyl f-curcumenylate, 1509. 
C,,H,,0, p-n-Nonyloxybenzoic acid, 424. 
ethyl perhydrodiphenate, 855. 
Diisoamylaniline, and its picrate, 1386. 
Ethyl 2-sec.-isooctylcyclopentanone-2-carboxylate, 1548. 
" p-Aminodiisoamylaniline, hydrochloride of, 1384. 
2- ndecylaminopyridine, 1856. 
1-Undecyl-2-pyridoneimine, salts, 1857. 
C,,H,N, 1:10-Bis-(4:5-dihydro-2-glyoxalinyl)decane, and its salts, 1257. 
C,,H;,0, Palmitic acid, equilibrium of, with elaidic and oleic acids, 974; purification of, 615. 


16 OT 


C,.H,,0,Br, Phenyl a:6-dibromo-3:4-methylenedioxystyryl ketone, 97. 
C,,H,,0,.N, Methyl tetranitrodiphenate, complex formation of, with hydrocarbons, 972. 
Hy Di-2-thionaphthenylmercury, 1007. 
C,,.H,,0,Br 6-Bromo-4’-methylflavone, 96. 
C,,H,,0,Br 6-Bromo-3:4-methylenedioxydibenzoylmethane, 98. 
, Phenyl a:5-dibromo-o-methoxystyryl ketone, 95. 
28 3:6-Diacetyldiphenylene sulphide, 152. 
’ Bromobenzoy]-5-bromo-o-anisylmethane, 95. 
C,,H,,0,N, 6-Hydroxy-4-methoxy-7-formylcoumarone 2:4-dinitrophenylhydrazone, 932. 
C,.H,,0,N Ethyl a-cyano-f-naphthylideneacrylate, 200. 
C,,H,,0,Br Phenyl 5-bromo-2-methoxystyryl ketone, 94. 
henyl a-bromo-o- and -m-methoxystyryl ketones, 95. 
C,,.H,,;0,Br, Phenyl af-dibromo-f-5-bromo-o-anisylethyl ketone, 95. 
C,,.H,;0,N Phthalo-4’-ethoxyphenylimide, 1170. 
C,,H,,0,Br Benzoyl-5-bromo-o-anisoylmethane, 95. 
C,.H,,0,N 6-Hydroxy-4-methoxycoumaran p-nitrobenzoate, 933. 
C,,H,,0,Br, Phenyl af-dibromo-f-m-anisylethyl ketone, 95. 
C,.H,,0,N, 2:4-Dihydroxy-3-formyl-6-methylacetophenone 2:4-dinitrophenylhydrazone, 950. 
2-Methoxy-3:4-methylenedioxyphenylacetaldehyde 2:4-dinitrophenylhydrazone, 441. 
C,.H,,ON, 1-(2’-Acetamidophenyl)-2-methylbenziminazole, 160. 
N, 3-Nitro-5-B-hy ee eee 477. 
10H,,0,N, Stilbene-4:4’-dicarbonamidoxime, and its dihydrochloride, 1256. 
C,,.H,,0,N, «-Furfurylidenediethyl ketone 2:4-dinitrophenylhydrazone, 1563. 
eH ,0,N, se (ne en 2:4-dinitrophenylhydrazone, 1597. 
C,.H,,0,.Br, Dibromoleucodrin methyl ether, 1087. 
C,.H,,ON N-4-Methylbenzhydrylaminoacetic acid, 1959. 
C,.H,,0,N, 2:2’-Diacetamidodiphenylamine, 160. 
5-Methoxy-1-(2’-amino-4’-methoxypheny])-2-methylbenziminazole, 160. 
C,,H,,0.N, Dibenzyl-4:4’-dicarbonamidoxime, and its dihydrochloride, 1256. 
4’-Nitro-N -tert.-butyldiazoaminobenzene, 1385. 
C,,H,,0,N, 4?“*)-p-Menthadien-3-one 2:4-dinitrophenylhydrazone, 1501. 
dl-Cryptol 3:5-dinitrobenzoates, 1532. 
a : OF cis-7-Acétamido-9-keto-octahydrophenanthrene, 174. 
C,,H,,0,N we B-2-(5-p-methoxyphenylpyrryl)propionate, 1746. 
C,,.H,,0,C1 p-Chlorophenacyl trans-hexahydro-p-toluate, 1246. 
C,,.H,,0,Br p-Bromophenacy]l trans-hexahydro-p-toluate, 1246. 
C,.H,,0,N d-Cryptol p-nitrobenzoate, 265. 
dl-Cryptol p-nitrobenzoates, 1532. 
d-a-Sabinaketyl p-nitrobenzoate, 1417. 
-Nitrobenzoylsabinaketylamine, 1418. 
-2:3-Dimethy]-4-isopropyl-4?-cyclopentenone 2:4-dinitrophenylhydrazone, 1043. 
trans-dl-Cryptol phenylurethane, 1532. 
@-Nitro-4.# dieth ei une 566. 
14 
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C,-H,,0,N, 2:3-Dimethyl-4-isopropyleyclopentanone 2:4-dinitrophenylhydrazone, 1043. 
dl-Menthone 2:4-dinitrophenylhy one, 1501. 
2-Methyl- bet He + meg 2:4-dinitrophenylhydrazone, 188. 
2:3:5-Trimethylcycloheptanone 2:4-dinitrophenylhydrazone, 188. 
C,.H,,0,N, 2-(y-m- CM EY ng eames semicarbazone, 1405. 
Cn" On, (—)-B-n-Hexy]l (-+-)-tartranilate, 639 i 
l-B-Curcumenol semicarbazone, 1509. 
y- )-Lonylideneacetaldeh: de semicarbazones, 1553. 
p-cyclolonylideneacetaldehyde semicarbazone, 1560. 
C,,H,,0.N, /-8-Curcumenal nitroguany a te oer 1509. 
oul o-(BB-Dimethyl-a-isopropylvinyl)phenyltrimethylammonium iodide, 462. 
C,,.H,,ON, Dihydrocaryophyllene widehode semicarbazone, 539. 


16 IV 


CiH ONC Acetyltrichloroacetylcarbazole, 1954. 
On" Od Nickel o-hydroxybenzeneazo-f-naphthol, 835. 
Phenyl a-chloro-6-bromo-3:4-methylenedioxystyryl ketone, 97. 
CHOW o-lodobenzeneazo-B-naphthol, 1314. 
Pheny] nitronaphthyl sulphides, 1095. 
CieH.0, Phenyl! af-dichloro-8-(6-bromo-3: ae-natialomtienrehony ty ketone, 97. 
C,.H,,0 Phenyl] 6-bromo-8-amino-3:4-methylenedioxystyryl ketone, 97. 
Oe ONO! 1-Methylisoquinoline 2:4-dinitrophenylhydrazone, 361. 
14 3-Nitro-5-8-chloroethylamino-7-methoxyacridine, 477. 
a : oe 1-Methylthiolbenzthiazole metho-p-toluenesulphonate, 148. 
u Dibenzylsulphidodimethyliodogold, 766. 


16 V 


C,.H,O,N,CiCr 5’-Nitro-2’- peter sents chromi-chloride, 831. 

CieHL ON 2’-Hydroxy-5’-sulphobenzeneazo-f8-naphthol chromi-sulphonate, 832. 
C,.H,,0,N,CICr o-Hydroxybenzeneazo-f-naphthol chromi-chloride, 830. 
C,eH;,0,N,ClFe o-Hydroxybenzeneazo-f-naphthol ferri-chloride, 834. 


C,, Group. 


C,,H,,0, 4:7-Dihydroxy-3’-keto-1:2-cyclopentenophenanthrene, 1404. 
Cit 2:3-Diphenyleyclopentenone, 570. 
C,,H,,0, 5:6-Dimethoxyflavone, 960. 
5:8- -Dimethoxyflavone, 1925. 
3-(6’-Hydroxy-8-naphthyl)-4*-cyclopentenone-2-acetic acid, 1404. 
a-Phenylally ee ae wae 1699. 
C,,H,,O trans-2:3- ar enyleyclopentanone, 571. 
CrrHaeDs -p-Benzylbenzoylpropionic acid, 268. 
achol acetate, 883. 
C,,H,,0; enzoyloxy-3: 5- dimethoxyacetophenone, 1926. 
2- Wecnovinny. 3:6-dimethoxyacetophenone, 1925. 
2-Benzoyloxy-5:6-dimethoxyacetophenone, 960. 
2-Hydroxy-3:6-dimethoxydibenzoylmethane, 1925. 
> Hydroxy-5:6-dimethox a YN: mane 960. 
Often -Hydroxynaphthyl) 4:7-diketoheptoic acid, 1404. 
ama 3’:7':3- trimethyl. 2’:3’- dihydrobenzofurano- (2’:3’-5:4)-4*5-cyclohexadienone-2-carboxylic acid, 


Methyl 6’-methoxy-3’:3-dimethy]-2’:3’-dihydrobenzofurano-(2’:3’:5:4)-4*5-cyclohexadienone-2-carboxy]l- 
ate, 1599 


5-Benz loxy-3-methoxy-2-formylphenoxyacetic acid, 931. 
cis-3:4-Diphenylcyclopentanol, 570. 
3:4- PO Hae om -1:2-diol, 569. 


4-Keto-7-a-naphthylheptoic acid, 1740. 

2:5-Dimethoxy- é-bensyloxyacetophenone, 1924. 
trans-3:4-Diphenyl pentylamine, and its picrate, 1414. 
z-Norestrone, 1403. 

trans-dl-Cryptol hydrogen phthalate, 1532. 

10, 1:12-Dimethyloctahydrophenanthrene-1-carboxylic acid, 1301. 
1-methy Sete paee = oe manthrene-1l-carboxylate, 1301. 
aon -2:6- dinetin yl-4*-cyclohexene-2-carboxylic acid, 1301. 

C,,H,,0 1-8-o-Anisylethyl-2: 8. dimethyleyclohexene, 787. 
C,,H,,0; qunep-a-Oetglangeinemis acid, 
C,,H,,0, 1-8-0-Anisylethy]-2:6-dimeth Icyclohexan-1 -ol, 788. 
o: ste LAR ee en acid, 434. AL 
1 cts-3:4- exylcyclopentanol, 1413. 
CiHaNs 2-Dodecylaminopyridine, 1857. 
ecyl-2-pyridoneimine, salts of, 1857. — 


C,,H,,0,N, Naphthalene-1’-azosalicylic acid, aT} salt, 834. 
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C,,H,,0,N, Nitro-l-acetylindeno(2’:3’:2:3)indoles, 1535. 
17H 1-Acetylindeno(2’:3’:2:3)indole, 1535. 
C,,H,,0,Br Phenyl 6-bromo-f-methoxy-3:4-methylenedioxystyryl ketone, 98. 
17H,,ON, cis-Benzeneazo-a-naphthyl methyl ether, 1314. 
C,,H,,0,Br, p-Tolyl 2:5-dibromo-o-methoxystyryl ketone, 95. 
ROM Bromo-5-bromo-o-anisoyl-p-toluoylmethane, 95. 
C,,H,,0 6-Methoxy-2-formyl-3-methoxycoumarone 2:4-dinitrophenylhydrazone, 1597. 
C,,H,;0 * 2:3. Diphenyleyclopentenone oxime, 571. 
trans-3:4-Diphenyleyclopentylamine, 1414. 
C,,H,,0Cl 5-Chloro-trans-2:3-diphenylcyclopentanone, 573. 
Cult OBr 2-Bromo-cis-3:4-diphenylcyclopentanone, 572. 
C,,H,,0,Br, p-Tolyl af-dibromo-f-5-bromo-o-anisylethyl ketone, 95. 
17H 5 5-Bromo-o-anisoyl-p-toluoylmethane, 95. 
Phenyl 5-bromo-f:2-dimethoxystyryl ketone, 95. 
Phenyl 6-bromo-f:3-dimcthoxystyryl ketone, 95. 
C,,H,,0,Br, 5-Bromo-2-hydroxy-4:6-dimethoxyphenyl af-dibromo-f-phenylethy] ketone, 93. 
oC oO 2:4-Dimethy] /-arabonamide, 750. 
ON, Benzil acetone azine, 261. 
5 ort 6:9-rubanene, and its salts, 1243. 
0,.H,.O.N, y-o-Anisylpropyl alcohol 3:5-dinitrobenzoate, 789. 
C,,H,,0,N, 2:4-Dihydroxy-3-formyl]-5-ethylacetophenone 2:4-dinitrophenylhydrazone, 950. 
C,,H,,0,N, Methyl 2:4- hptning 3-formy]-5-ethylbenzoate 2:4-dinitrophenylhydrazone, 301. 
C,,H,,ON  trans-2:3-Diphenylcyclopentanone oxime, 571. 
3:4-Diphenylcyclopentanone oximes, 569. 
C,,H,,0,N, 3-Acetamido-N- (2’-acetamido-4’-methylphenyl) uinoneimine, 162. 
C,,H,,0,N, 3-Acetamido-N-(2’-acetamido-4’-methoxyphen yiqeincasiaine, 161. 
3-Nitro-5-8-hydroxyethylamino-7-ethoxyacridine, 477. 
C,,H,,N.Cl 4-Phenylamino-2-methylquinoline methochloride, 491. 
C,,H,,ON, 5-Ketoruban, and its picrate, 1243. 
C,,H,,0,N, Phloroisovalerophenone hydrazone, 1602. 
C,,H,,0,N; 2:2’-Diacetamido-4-hydroxy-4’-methyldiphenylamine, 162. 
2:2’-Diacetamido-4-methoxydi Leaphianins, 16 161. 
on OM 2:2’-Diacetamido-4- Sabrent -methoxydiphenylamine, 161. 
on 0 ae m-Diethylaminobenzaldehyde 2:4-dinitrophenylhydrazone, 1093. 
om 20 Ruban-5-ol, and its picrate, 1244. 
on EON 4’-Nitro-N-isoamyldi zoaminobenzene, 1385. 
4’-Nitro-4- methyl. tert.-butylaminoazobenzene, 1385. 
Cults O,N, d-2:3-Dimethyl-4-isopropyl-4?-cyclopentenyl 3:5-dinitrobenzoate, 1043. 
«°Menthen- 3-yl 3:5-dinitrobenzoates, 1039. 
( ‘3 neo)-isoPulegyl 3:5- dinitrobenzoate, 1308. 
l-neoThujyl 3:5-dinitrobenzoate, 1042. 
C,,H,,0ON, 6- Acetamido-4-piperidino- 2-quinaldine, 566. 
CH Oult l-neoThujyl p-nitrobenzoate, 1042. 
C,,H,,0,N Diketodih dronucidine, perchlorate of, 608. 
C,,H,,0,N, 2:3-Dime thyl- 4-isopropylcyclopentyl 3:5-dinitrobenzoate, 1043. 
4-180Propyleyclohexy]-1-carbinyl 3:5-dinitrobenzoates, 1247. 
C,,H,,0N, 9-Acetyloctahydrophenanthrene semicarbazone, 1364. 
C,,H,,0,N - 4- ep seneenn i l1-carbinyl p-nitrobenzoates, 1247. 
C,,H,,0,N, Ethyl 1-cyanomethyleyclohexane-l-a-cyanosuccinates, 85, 86. 
C,,H,,0,.N trans-4- lasPeatalenaen 1-1-carbinyl phenylurethane, 1247. 
17Hes N-Benzoyl trimethyl methylglucosaminides, 277. 
C,,H,,ON Acetyldihydro-a-curcumenylamine, 1506. 
1-Dodecyl-2-pyridone, salts of, 1857. 


17 IV 


C,,H,,0,N.Ni Nickel o-carboxybenzeneazo-f-naphthdl, 835. 
B-Benzoyl-a-(6-bromo-3:4-methylenedioxyphenyl)propionitrile, 97. 
C,,H,,;ON,I trans-o-lodobenzeneazo-8-naphthyl methyl] ether, 1314. 
on 2-Chloro-3:4-dipheny]-4?-cyclopentenone, 1413. 
C,,H,,0,N,Cl 3-Nitro-5-8-chloroethylamino-7-ethoxyacridine, 477. 
C,,H,,0,N.8 2-Nitro-5-piperidinodiphenylsulphone, 904. 
4-Nitro-3-piperidinodiphenylsulphone, 906. 
C,,H,,0,N,8 2:4-Diketo-3-phenyltetrahydrothiazole-2-cyclohexylidenehydrazone-5-acetic acid, 1049. 
C,,H,,0,N,8 4’-Amylaminoazobenzene-4-sulphonic acid, potassium salt, 1384. 


17 Vv 


C,,H,,0,N,ClCr 0-Carboxybenzeneazo-f-naphthol chromi-chloride, 834. 
C,,H,,0,N,S8Cr 4’-Hydroxy-m-tolueneazo-8-naphthol 6-chromi-sulphonate, 833. 


C,, Group. 


C,.H,, 7-Methyl-1:2- ye ee ga 798. 


C,,H,, 1:3-Diphenyl-4*-cyclohexene, 1291 


2016 
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C,.H,,0, 1:2:9:10-Tetrahydrox ep. 11:12-quinone, 401. 
Colas 1:9-Phenylenecarbazole, and its picrate, 1950. 
Cn" o ———— terphenyls, 1285. 
Furfurylidene-2-methyl-6-acetonaphthone, 798. 
Sito. 4-acetoxy-7-methyl-1:2-cyclopentenophenanthrene, 798. 
9-2 Methyl. 1’-naphthylbenzoic acid, 948. 
OHO 5-Hydroxy-6-phenylacetyl-4-methylcoumarin, 1253. 
C,.H,,0; 8-Acetoxy-7-methoxyflavone, 961. 
6-Hyd droxy-8-methoxyflavone, 1925. 
N, 9-(2’-Aminophenyl)carbazole, 1950. 
Bisbenzeneazobenzenes, 1315. 
9-(2’:4’-Diaminophenyl)carbazole, 1952. 
1sH,,0 3-Ketohexahydrochrysene, 1741. 
y-9-Anthranylbutyric acid, 268. 
B-9-(9:10-Dihydro)anthroylpropionic acid, 268. 
ihydroxy-7-methoxy-1:2- cyclopentenophenanthrene, 1400. 
3- 6 “Methyt. 2’-naphthyl)-4?-cyclopenten-l-one-2-acetic acid, 798. 
C,,.H,,0, 1-Phenyl-1:2:3:4-tetrahydronaphthalene-2:3-dicarboxylic acid, 1239. 
1sH,,0 4'’-cycloHexenyl-l-acetonaphthone, 797. 
C,.H,.0, -9-(9:10-Dihydro)anthranylbutyric acid, 268. 
B-1’-Naphthylethylcyclohexane-2:6-dione, 1741. 
C,.H,,0, 5y-Diketo-7n-(6-methyl-2-naphthyl)heptoic acid, 798. 
C,.H,,0; 2:3:5-Trimethoxydibenzoylmethane, 1927. 
1sH,,0, 2:2’-Dihydroxy-5:5’-dimethoxy-3:3’-diacetyldiphenyl, 1926. 
C,sH..0, 4-Hydroxy-7-methoxy-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 1401. 
Methyl yé-diphenylvalerate, 1415. 
C,,H..0, 5-Keto-8-a-naphthyloctoic acid, 1741. 
Acetyl-leucodrin methyl] ether, 1087. 
Keto-1’:2’:3’:4’-tetrahydro-5:6-benzhydrindene-1-spirocyclohexane, 173. 
7-Methoxy-3’-ketooctahydro-1:2-cyclopentenophenanthrene, 1402. 
B-cycloHexane-1-spirohydrindoylpropionic acid, 173. 
8-2:2’-Dihydroxy-4:4’:6:6’-tetramethoxydiphenylethane, 924. 
1sH240, Ethyl 1-f- Selienpheth 1-2-methyl-4°-cyclohexene-2-carboxylate, 1301. 
y-cycloHexane-1-spirohydrin eee acid, 173. 
C,,H.,0, Methyl 1:12-dimethyloctahydrophenanthrene-1-carboxylate, 1301. 
C,.H.,0, Ethyl 2-(y-m-methoxyphenylpropyl)cyclopentanone-2-carboxylate, 1404. 
4-1s0Propylcyclohexyl-1-carbinyl hydrogen phthalates, 1247 
trans-p-n-Nonyloxycinnamic acid, 425. 
Disabinaketylamine, 1418. 
2-Tridecylaminopyridine, 1857. 
yridoneimine, salts of, 1857. 
0, Blaidie acid, purification of, and its equilibria in ‘thixed fatty acids, 974. 
Cubist acid, calcium and magnesium salts, interfacial and surface activities of, 619; purification of, and 
its equilibria i in mixed fatty acids, 974. 
C,.H;,0,. Heptamethyl 3-d-galactopyranosido-l-arabofuranose, 751. 
Heptamethy] 3-8-d-galactopyranosido-d-arabopyranose, 752. 
Heptamethyl 3-d-galactopyranosido-l-arabopyranose, 749. 
C,,H;,0, Stearic acid, equilibrium of, with elaidic and oleic acids, 974; purification of, 615. 
C,.H;.8. Ethylenebis(n-octylsulphide), 1630. 
C,,H,,As, Ethylene-af-bis(dibutylarsine), 1633. 


18 I 


C,,H,O,Cl, 1:2:3:4-Tetrachloro-9:10-dihydroxynaphthacene-11:12-quinone, 401. 
Cc, Dibromo-1:9-phenylenecarbazole, 1955. 


2 

CH NBT Bromo-1:9-phenylenecarbazole, 1955. 

C,.H,;0,N 4’-Nitro-m-terphenyl, 1291. 
C,,H,,0,N, 3-f- Naphthylaminophthalhydrazide, 139. 
Gea et 9-(4’ -Chloro-2’-aminophenyl)carbazole, 1951. 

C,.H,,0,N 4:7-Dimethoxy-3’-keto-1:2-cyclopentenophenanthrene oxime, 1399. 
aa 5- Seep 8 <p Phar wero} 4-methyleoumarin oxime, 1253. 
Crate 7 Phen — -bromo-f-ethoxy-3:4-methylenedioxystyryl ketone, 98. 


on On 6-Hydroxy-2-n-propylcoumarone p-nitrobenzoate, 936. 
4-Bromo-3:5-dimethoxy-l-anisylidenecoumarin-2-one, 93. 
Cus Stones, :7:4’-trimethoxyflavone, 93. 
C,.H,,0,N, Nitrosoartabotrinine, 997. 
19H;,0;N, 7:9-Dinitro-8-anilino-y-indoxylspirocyclopentane, 239. 

, 6-Methoxy-2-formyl-3:7-dimethylcoumarone 2:4-dinitrophenylhydrazone, 1600. 
4-p-Acetamidophenylamino-2- nar epee 491. 
Artabotrinine, and its tomy yoo oe 997 

C,.H,,0,Br Phenyl 5-bromo-2-methoxy-B ethoxystyryl ketone, 95. 
Phenyl 6-bromo-3-methoxy-f-ethoxystyryl ketone, 95. 
p-Tolyl 5-bromo-f:2-dimethoxystyryl ketone, SOIT 
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C,,.H,,0,Br 5-Bromo-2-hydroxy-4:6-dimethoxyphenyl p-methoxystyryl ketone, 93. 
C,,H,,0,Br, Fic eer ee ie ee a a aB-dibromo-f-p-anisylethyl ketone, 93. 
19H,,0,Br, isoPropylidenedibromoleucodrin, 1087. 
C,.H,,ON, 1-(2’-Acetamido-4’-methylphenyl)-2:5-dimethylbenziminazole, 160. 
trans-2:3-Diphenyleyclopentanone semicarbazone, 571. 
C,,H,,0.N, 1-(2’-Acetamido-4’-methoxypheny])-5-methyl-2-methylbenziminazole, 161. 
C,.H,,0,N, 5-Methoxy-1-(2’-acetamido-4’-methoxyphenyl)-2-methylbenziminazole, 160. 
C,.H,.0,N, y-p-Tolylvaleraldehyde ee ee os a 1507. 
C,,.H,,0,N, 2:2’-Diacetamido-4:4’-dimethyldiphenylamine, 160. 
C,.H,,0,N, 2:2’-Diacetamido-4-methoxy-4’-methyldiphenylamine, 161. 
4-Keto-7-a-na hthylheptoic acid semicarbazone, 1740. 
2:2’-Diacetamido-4:4’-dimethoxydiphenylamine, 160. 
3-Methy] l-arabinose phenylosazone, 754. 
C,.H,;0,C1 p-Chlorophenacyl hexahydrocuminates, 1246. 
1sH,;0,Br p-Bromophenacyl hexahydrocuminates, 1246. 
C,.H,,0,N, dl-Stilbenediamine diacetate, 1758. 
1sHON, 4-8-Diethylaminoethylamino-6-acetamido-2-quinaldine, hydrochloride of, 566 
C,,H,,0,N (—)-B-n-Octyl (+)-tartranilate, 639. . 
C,.H,,0,N N-Acetyl trimethyl benzylglucosaminides, 277. 


18 IV 


C,,H,O,N,I Iodotrinitro-1:9-phenylenecarbazole, 1955. 

C,sH,,0,NC1 3-Chloro-N-8-naphthylphthalimide, 136. 

C,,H,,0,N,Cl 9-(4’-Chloro-2’-nitrophenyl)carbazole, 1951. 
am : OF 1:4’-(1’Methyl-1’:4’-dihydroquinolylidene)-2-keto-1:2-dihydrothionaphthen, 1013. 
1sH,;0,N8, 2:4-Diphenylthionitrobenzene, 904. 

C,,H,,0,N8, 4-Nitro-3-phenylthiodiphenylsulphone, 906. 

C,,H, ,0,NS eR ney en me 905. 

C,.H,,0,N,8 2:4-Di mee ot Ea Ang > gy Re gr nanee donee enE acid, 1050. 

C,,H,,0,N8, 2:1’-Dimethylthia-2’-cyanine iodide, 150. 


2-Methylthiolquinoline metho-p-toluenesulphonate, 147. 
C,.H..0,N.8 2-Nitro-5-piperidino-4’-methyldiphenylsulphone, 905. 
Ciel 0,08 2:4-Diketo-3-phenyltetrahydrothiazole-2-3’-methylcyclohexylidenehydrazone-5-acetic acid, 


C,,H,,BrSAu Dibenzylsulphidodiethylbromogold, 766. 

C,,H,,0,N,Pd isoButylenediaminostilbenediaminopalladous nitrates, 1758. 
C,,H,,N,Br,Au, 2:2’-Dipyridyltetraethyldibromodigold, 767. 

C,,H,,N,I,Pd dl-isoButylenediaminostilbenediaminopalladous iodides, 1757. 
C,,H;,C1,8,Pd Ethylenebis(n-octylsuiphide)dichloropalladium, 1630. 
C,.H,,Cl,As,Pd Ethylene-af-bis(dibutylarsine)dichloropalladium, 1633. 


C,, Group. 


C,,H,, Methyl-p-terphenyls, 1286. 
19H,, 3’:7-Dimethyl]-1:2-cyclopentenophenanthrene, 799. 
C,,.H,, Methyl-5:6-benzhydrindene-1-spirocyclohexane, 173. 


19 0 


C,,H,,0, 1:2-Benzanthraquinone-5-carboxylic acid, 269. 

C,,.H,,N 1:2-Benz-5-anthronitrile, 270. 

C,,H,,0 2-Phenylfiluorenone, 395. 

C,,.H,,0, 1:2-Benz-5-anthroic acid, 270. 
6:7-Benzoflavone, 1682. 

2’-Hydroxy-6:7-benzoflavone, 1683. 
1:2-Quinolo-8:9-benzo-4:5-benz-1:3-diazaline, 1065. 
1:2(2’:1’)-tsoQuinolo-8:9-benzo-4:5-benz-1:3-diazaline, 1066. 
C,,H,,N Indeno(2’:3’:2:1)-8-naphthindole, 1536. 
1:9-(4’-Methylphenylene)carbazole, and its picrate, 1951. 
C,,.H,,N, 9-(2’-Amino-4’-cyanophenyl)carbazole, 1952. 
1:2-Quinolo-7-amino-8:9-benzo-4:5-benz-1:3-diazaline, 1065. 
1;2(2’:1’)-tsoQuinolo-7-amino-8;9-benzo-4:5-benz-1:3-diazaline, 1066. 
C,,H,,Cl 10-Chloromethyl-1:2-benzanthracene, 804. 
C,.H,,0 2’-Ethylmesobenzanthrone, 949. 
10-Hydroxymethyl-1:2-benzanthracene, 804. 
C,,H,,0, 5:6-Diacetoxyflavone, 960. 
Triphenylmethyl chloride, hydrolysis of, in dioxan, 478. 
Methoxy-p-te re 1285. 
3’-Keto-4-methoxy-7-methyl-1:2-cyclopentenophenanthrene, 799. 
5-Methoxy-6-phenylacetyl-4-methylcoumarin, 1253. 

C,H 9-(2’-Amino-4’-tolyl)carbazole, 1951. 

B-Hydrindone £-naphthylhydrazone, 1536. 
C,,H,,0, 4:7-Dimethoxy-3’-keto-9:10-dihydro-1:2-cyclopentenophenanthrene, 1403. 
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Ethyl 6-benzyloxy-4-methoxycoumarone-2-carboxylate, 931. 
Diacetyldihydrodunnione, 1526. 
Ethyl 5-benzyloxy-3-methoxy-2-formylphenoxyacetate, 931. 
z-Norestrone acetate, 1403. 
Trimethoxyvin lmethylphenanthrol, 996. 
7- Methenpavtelgdvephenaathawe-] -B-propionic-2-carboxylic acid, 1402. 
Hexamethoxydiphenylmethane, 91. 
Leucodrin tetramethyl ether, 1088. 
Ethyl 1-8-phenylethy]-2:6-dimethyl-4*-cyclohexene-2-carboxylate, 1301. 
trans-p-n-Decyloxycinnamic acid, 425. 
p-n-Dodecyloxybenzoic acid, 424, 
2-Tetradecylaminopyridine, 1857. 

4 -Tetradecyl- ee salts of, 1857. 


19 I 


C,,H,,0.N 1:9-Phenylenecarbazole-3-carboxylic acid, 1954. 
1:9- Phenylenecarbazole-4’ -carboxylic acid, 1953. 

C,.H,,0,.N, 9-(2’-Nitro-4’ -cyanophenyl)carbazole, 1952. 
1:2-Quinolo-7-nitro-8:9*benzo-4:5-benz-1:3-diazaline, 1065. 
1:2(2’:1’)-isoQuinolo-7-nitro-8:9-benz-1:3-diazaline, 1065. 

CicH,0.N N-2’:4’-Dinitro-1’-naphthyl-2-aminoquinoline, 1065. 

2’:4’-Dinitro-1*-naphthyl-1-aminozsoquinoline, 1065. 

0,.4.,0N 1:2-Benz-5-anthramide, 270. 

C,,.H,,0,N 9-Phenylcarbazoile-4’-carboxylic acid, 1953. 

C.,H,,0,As 10-Phenylphenoxarsine-10-oxide-2- carboxylic acid, resolution of, and its salts, 1050. 
C,,H,,ON, 2-Hydroxy-3-(f-naphthylmethyl)quinoxaline, 201. 
6-Keto-5:6:7:10- olny toontrindlies, 787. 

9-( eee Bie rey 1950. 

Lithiuin triphenylmethoxide, 315. 

Rubidium triphenylmethoxide, 316. 

3:6-Diphenylanthranilic acid, 395. 

2’-isoNitroso-4:7-dimethoxy- 3’-keto-1:2- | ieemeaaiie 1401. 

Phenyl. 2-pyridylcarbinol > 81l. 

3-Nitro-2-acetoxy-l-acetyl-2:3 dihydroindeno(2’: 3’:2:3)indole, 1535. 

2:4-Diphenylsulphonylanisole, 906. 

Euparin 2:4-dinitrophen lhydrazone, 928. 


Ethyl 6-hydroxy-4-methoxy-7-formylcoumarone-2-carboxylate 2:4-dinitrophenylhydrazone, 


Benzoyl-8-2-(5-phenylfuryl)ethylamine, 1745. 
6-Bromo-5:7:3’:4’-tetramethoxyflavone, 94. 
N- Methylartabotrine, 997. 
1-(2’-Acetamido-4’-acetoxyphenyl)-5-methyl-2-methylbenziminazole, 162. 
"B- 9-(9: 10- gO een om acid semicarbazone, 268. 
CieHis0Br p-Tolyl 5-bromo-2-methoxy-f-ethoxystyryl ketone, 95. 
C,,H,,0,N, 5-Methoxy-1-(2’-acetamido-4’-acetoxyphenyl])-2-methylbenziminazole, 162. 
or s0,N; m-Diallylaminobenzaldehyde 2:4-dinitrophenylhydrazone, 1094. 
10.Br, 5-Bromo-2-hydroxy-4:6- Senthenyyhones af-dibromo-f-3:4-dimethoxyphenylethyl ketone, 


ans « 6-Hydroxy-7-acetyl-2-isopropylcoumaran 2:4-dinitrophenylhydrazone, 936. 
Tet droeuparin 2:4-dinitrophenylhydrazone, 928. 
C,H 0K, 5:7-Dihydroxy-6-acetyl-2:2-dimethylchroman 2:4-dinitrophenylhydrazone, 1259. 
sBr, isoPropylidenedibromoleucodrin methyl ether, 1087. 
GH0 ca Ethyl 3:5-dimethoxy-2-formylphenoxyacetate 2:4-dinitrophenylhydrazone, 923. 
1-Acetamidodiphenylcyclopentanes, 1414. 
3-Nitro-5-n-butylamino-7-ethoxyacridine, 478. 
4-Methyl anhydrogalactose phenylosazone, 1737. 
, Dibromoleucodrin tetramethyl ether, 1087. 
C,,H,,0,N 4-Methylcyclohexyl-l-carbinyl a-naphthylurethanes, 1247. 
3 5-Keto-8-a-naphthyloctoic acid semicarbazone, 1741. 
C,,H.,0,N, m-Di-n-propylaminobenzaldehyde 2:4-dinitrophenylhydrazone, 1093. 
Recnssloaasaian tetramethyl an 1088. 
Nitroleucodrin tetramethyl ether, 1088. 
5-Ethylruban-5-ol, and its picrate, 1244. 
. uidines, and their salts, 240. 
4-Methyl galactose phenylosazone, 1737. 
Nitrosodihydroniquidine, 245. 
Ethyl 2-(yym-meth wd = oe oy yclo 2-carboxylate, 1404. 
thy. -m-methoxyphenylpropyl)c entanone-2-carboxylate, 
2-sec.-isoOctylcyclopentanone 2: ‘4 dinitrop enylhydrazone, 1548. 


19 IV 


CoH OMB, 2:4-Dinitro-5-p-toluenesulphonamidodiphenylsulphone, 905. 
C,,.H,,0,N,8, 2-Anilinothiobenzenesulphonylamide, 762. 
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C,.H,,0,N,8, 2-Nitro-5-p-toluenesulphonamidodiphenylsulphone, 905. 
gr a eee reer oe ae ee ee 905. 

C,,.H,,ONS Benzoyl-f-2-(5-phenylthienyl)ethylamine, 1745. 

C,,H,,0,N, 9:4-Diketo-3-phenyltetrahydrot iazole-2-a-phenylethylidenehydrazone-5-acetic acid, 1049. 
19H,,0, 3-p-Toluenesulphonamidodiphenylsulphone, 905. 

C,,.H,,ON, 4-p-Acetamidophenylamino-2-methylquinoline methochloride, 491. 

C,,H,,ON,I 4-p-Acetamidophenylamino-2-methylquinoline methiodide, 491. 

C,,H,,;0 Iododihydroepi-C,-quinidine, 246. 

OHO NBr Triacetyl a-benzylglucosanuaide hydrobromide, 277. 


19 V 


5-Chloro-2-anilinothiobenzobenzenesulphonylamide, 762. 


C,H, ,0,N, 2 - : > . 7 
<N,1SSe 2:2’-Diethylselenathiacyanine iodide, 149. 


19441 


C,, Group. 


C..H,, 1-Phenylanthracene, 396. 
C..H;, Ferruginane, 1035. 
20 I 


C.oH,,0, 1’-Ketoindeno(2’:3’:1:2)fluorenone, 396. 
C.oH,,0, 3:6-Diphenylphthalic anhydride, 394. 
2. Phenylfluorenone-1-carboxylic acid, 395. 
C..H,,0, Methyl 1:2-benzanthraquinone-5-carboxylate, 270. 
40, Benzoylphenylbenzoic acids, 396. 
2’.Methoxy-6:7-benzoflavone, 1683. 

C..H,,0, 2-(1’-Hydroxy-2’-naphthoyl)naphthalene-3-carboxylic acid, 400. 
3’-Phenyl-4:2’-dimethylchromono-7’:8’:6:5-a-pyrone, 1253. 
4’-p-Tolyl-4-methylcoumarino-7’:8’:6:5-a-pyrone, 1253. 

C.oH,,0, 9:10-Dihydroxy-1:2-dimethoxynaphthacene-11:12-quinone, 401. 

C..H,,Br, 9:10-Di(bromomethy]l)-1:2-benzanthracene, 806. 

C..H,,0, 9:10-Di(hydroxymethyl)-1:2. benzanthracene, 806. 


Diphenylpiperonylmethane, 303. 
C..H,,0, Benzoyl-2-methoxy-3-naphthoylmethane, 1682. 
P Diphenylpiperonylcarbinol, 303. 


2oH,.0, 3-Acetoxy-5:5’-dimethyl-2:3’-dicoumaronyl, 280. 
4:7-Dimethoxy-2’-formy]-3’-keto-1:2-cyclopentenophenanthrene, 1401. 
C..H,,0, 0-(1’:5’-Dimethoxy-2’-naphthoyl)benzoic acid, 400. 
2oH;.0, Elliptone, structure of, 1424. 
Elliptones, 1103. 
C..H,,0, Elliptolone, 1426. 
C..H,,N, 2:2’-Dimethyl-4:6’-diquinolylamine, 492. 
C..H,,0 4-Methoxy-3’:7-dimethyl-1:2-cyclopentadienophenanthrene, 799. 
C.oH,,0, 2:5-Dimethoxy-p-terphenyl, 1286. 
C..H,,0, 7-Methoxy-4-ethoxy-3’-keto-1:2-cyclopentenophenanthrene, 1403. 
C..H,,0, 9:10-Di(acetoxymethyl)anthracene, 806. 
3’-H droxy-4-acetoxy-7-methoxy-1:2-cyclopentenophenanthrene, 1400. 
©,,H.,,0, 4:7-Dimethoxyphenanthrene-1-8-propionic-2-carboxylic acid, 1401. 
C..H,,0, Elliptic acid, 1426. 
2oH.0 4-Methoxy-3’:7-dimethyl-1:2-cyclopentenophenanthrene, 799. 
C.9H.,.0, 5:7-Dihydroxy-8-cinnamoyl-2:2-dimethylchroman, 1259. 
Methyl 1-pheny]-1:2:3:4-tetrahydronaphthalene-2:3-dicarboxylate, 1239. 
C.9H.,0, 4:7-Dimethoxy-9:10-dihydrophenanthrene-1-8-propionic-2-carboxylic acid, 1402. 
6:7-Methylenedioxy-1-(3’:4’-methylenedioxypheny])-2:3-dihydroxymethy]-1:2:3:4-tetrahydronaphthalene, 
1240. 
Tetrahydroelliptones, 1103. 
C.oH,,0, 5:7-Dihydroxy-8-8-phenylpropionyl-2:2-dimethylchroman, 1259. 
4:7-Dimethoxy-1:2:3:4-tetrahydrophenanthrene-1-8-propionic-2-carboxylic acid, 1402. 
2 3 isoPropylideneleucodrin dimethyl ether, 1088. 
2 2 1:12-Dimethyl-7-isopropyloctahydrophenanthrene-1l-carboxylic acid, 1303. 
C,,.H.,0, Marrubiin, 587. 
C..H,,0 Ferruginol, 1032. 
C..H;,0, Tetrahydromarrubiin, 588. 
C..H,,0,, Octamethyl di-idose, 1072. 


C.oH,,0,Br, 6:6’-Dibromo-3’:4’-methylenedioxy-7:8-benzoflavone, 98. 
20H,,0,N 1:9-Phenylenecarbazole-3:6-dicarboxylic acid, 1955. 
C..H,,0,Br 6’-Bromo-3’:4’-methylenedioxy-7:8-benzoflavone, 98. 
6’- Bromo-3’:4’-methylenedioxy-1-benzylidene-5:6-benzocoumaran-2-one, 98. 
C.oH,,0,Br, 4-Bromo-1-hydroxy-2-naphthyl-6-bromo-3:4-methylenedioxystyryl ketone, 97. 
Croll ,0.Br, 4-Bromo-1-hydroxy-2-naphthyl af-dibromo-f-(6-bromo-3:4-methylenedioxy phenyl)ethyl 
etone, 97. 
C,.H,,0,N 3:6-Diphenylphthalimide, 395. 
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nH On “| droxy-3:6-diphenylphthalimide, 395. 
ydroxy-2-naphthyl 6-bromo-3: 4-methylenedioxystyryl ketone, 96. 

CxoH, 0 CioH OM, Diphenylpiperonylmethyl chloride, 303. 

C..H,,0.Br Diphenylpiperonylmethyl bromide, 304. 

CH, ,0,N; 9-(2’-Nitro-4’-aminophenyl)carbazole, 1952. 

C.oH,,0O.N, 3:6-Dianilinophthalhydrazide, 139. 
1770N 4’-Acetamido-m-terphenyl, 1291. 

C.9H,,0,N Methyl 3:6-diphenylanthranilate, 395. 

C.o9H,,0,N Elliptone oximes, 1103. 

C..H,,0.N, Phenyl-2-pyridylmethylcarbinol phenylurethane, 811. 
180;N, p-Methoxyphenyl-2-pyridylcarbinol sieaghantians, 812. 

C,,H,.0,N, cycloHexane-1:4-dione di-o-carboxyanil, 787. 

Cao seMel 1:1’-Dimethyl-2:2’-azacyanine iodide, 148. 

CaoE200,N, a-Cinnamylidenediethyl ketone 2:4-dinitrophenylhydrazone, 1563. 
C.oH.,0,N, §-(5-Methoxy-1:2-3:4-tetrahydro-1-naphthyl)ethyl alcohol, 789. 
C.oH.,0,N 2-Hydroxy-1 -methy1-4-ethy]-5:6:7:8-tetrahydronaphthalene p-nitrobenzoate, 941. 
C..H..0,N, Ethyl 3:5-dimethoxy-2-formyl-4-methylphenoxyacetate 2:4- dinitrophenylhydrazone, 924. 

24 3:5- dimethoxy-2 formy]-6-methylphenoxyacetate 2:4-dinitrophenylhydrazone, 924. 
d-Cryptol canstiigtundtinns,’ 266. 
tol a-naphthylurethanes, 1532. 
Artabotrine, 991. 
C..H,,0.N, §-Propylglutardianilide, 1297. 
C..H,,0,N, 3-Nitro-5-8-diethylaminoethylamino-7-methoxyacridine, 478. 
C.9H.,0,N, cycloCitrylidenecrotonaldehyde 2:4-dinitrophenylhydrazone, 1559. 
C..H,,0.N JN- eee triacetyl B-methylglucosaminide, 277. 
OHO 3-Amino-5-8-diethylaminoethylamino-7-methoxyacridine, 478. 
1 EN 4’-Nitro-4-diisobutylaminoazobenzene, 1385. 
itro- Nnocty laminodiazoaminobenzene, 1385. 
§ 3:6- Anipiive-D-cathel-d-anlantenie, 1848. 
On HON Vitamin-A aldehyde oxime, 132. 
C..H,,0,Br p-Bromophenacyl 5:9-dimethyldecenoates, 1547. 
C.oH.,0,N Hexamethoxydibenzylamine, 91. 
C.oH.,0.N, N-Methyldihydroniquidine, 245. 
C..H,,0,N (— }-Menthy! (+)-tartranilate, 639. 
C.oH,,0,N, 2-n-Heptylcycloheptanone 2:4-dinitrophenylhydrazone, 186. 


20 IV 


C..H,,0.NS Naphthyl nitronaphthyl — 1095. 
C.oH,,0,N,8 3-Nitro-5-p-amidosulphonylanilino-7-methoxyacridine, 477. 
C,,H,,0,N8, 2:4-Di-p-tolylthionitrobenzene, 905. 
C..H,,0,NS, 4-Nitro-3-p-tolylthio-4’-methyldiphenylsulphone, 906. 
2:4-Di-p-tolylsulphonylnitrobenzene, 905. 
2-Anilinothiobenzo-p-toluenesulphonylamide, 762. 
48 3-Amino-5 5-p-amidosulphonyianilino-7- methoxyacridine, 477. 
1’-Methyl-2-ethylthia-4’-cyanine iodide, 1012. 
C,H, ,N,ISe 1 “Meth 2-ethylselena-4’-cyanine iodide, 1012. 
c acetoacetanilide, 488. 
2- Tthylthiolasineline etho-p-toluenesul honate, 148. 
se ee to 1 memgarne and their salts, 243. 
droquinidines, and their salts, 242. 
ri Dis SelacLaietenieananherioeste: sulphonic acid, potassium salt, 1385. 
we 4-Octylaminoazobenzene-4’-arsonic acid, 4. 
Oa, Di-o-phenylenebis(dimethylarsine)palladium dichloride, 1630. 
C..H;,Cl,As,Pd, Di-o-phenylenebis(dimethylarsine)palladium palladochloride, 1630. 


20 V 
CacHl,,0.N,SCr 2’-Hydroxy-4’-sulphonaphthalene-1’:4-azo-1-phenyl-3-methylpyrazol-5-one chromisulphon- 


ate, 83 
C,.HAN,Cis. 5-Chloro-1’-methyl-2-ethylthia-4’-cyanine iodide, 1012. 


C,, Group. 


C,,H,, 5-isoPropenyl-1:2-benzanthracene, 270. 
C.;H,, 5-isoPropyl-1:2-benzanthracene, 270. 


210 


C.,H,,0, Dimethoxytriphenylmethyls, properties and stability of, 33. 

C,,H;,0 1:2:5: ee “4 9- scien 2 269. vit 

C8 H;,,0, 9:10-Dih:; oe A a jem ae Aa iacatare eg ether, 1431 
Methyl 2-phenylfiuorenone-1-carboxylate, 3: 

C.,:H,,0, 2’-Acetoxy-6:7-benzoflavone, 1683. 

C;,H,,0 Pheny]! fp- aiphangivingl ketone, 434. 2021 
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C,,H,,0, 8-(1:2-Benz-10-anthranyl)propionic acid, 805. 
‘Ethyl 1:2-benz-5-anthroate, 270. ited 
5-isoPropyl-1:2-benzanthraquinone, 270. 

C.,H,,0, 4:7-Diacetoxy-3’-keto-1:2-cyclopentenophenanthrene, 1404. 

C,,H,,0 10-Ethoxymethyl-1:2-benzanthracene, 804 

C,,H,,0, AA ey ate Be ese ma 434. 

C.,H,,0, 0-Anisoyl-2-methoxy-3-naphthoylmethane, 1682. 
23Heg0, 7-Methoxy-4-ethoxyphenanthrene-1-f8-propionic-2-carboxylic acid, 1403. 

C,,H.,.0, Methyl elliptate, 1426. 

C.,H.,N Dibenzyltoluidines, complex compounds of, 1861. 

2:H.,N, 2-Benzylidene-3-ketoquinuclidine phenylhydrazone, 1243. 

C.,H,,0, 2:3-Dibenzoyl £-methylgalactoside, 1249. 

C.,H.,0, 7-Hydroxy-5-methoxy-8-8-phenylpropionyl-2:2-dimethylchroman, 1260. 
'21H.,0, 7-Methoxy-4-ethoxy-1:2:3:4-tetrahydrophenanthrene-1-8-propionic-2-carboxylic acid, 1404. 
1990, Ferruginy! formate, 1034. 

‘Methyl 1:12-dimethyl-7-isopropyloctahydrophenanthrene-1-carboxylate, 1303. 

C,,H;,0, trans-p-n-Dodecylcinnamic acid, 425. 

C,,H,,0 Ferruginyl methyl ether, 1034. 

C.,H;,0, Sarcostin, 741. 


21 I 


C.,H,,0D, Phenyl £-phenyl-f-pentadeuterophenylvinyl ketone, 434. 

C.,H,,0,.D, §-Hydroxy-f-phenyl-8-pentadeuterophenylpropiophenone, 434. 

C,,H,,0,C1 $:10-Dihydroxyphenant ne p-chlorophenylhydroxymethylene ether, 1432. 
2:H,;0,Br, 4-Bromo-l1-methoxy-2-naphthyl a:6-dibromo-3:4-methylenedioxystyryl ketone, 97. 

C,,H,,0,N, Nitro-3-acetylindeno(2’:3’:2:1)-8-naphthindole, 1536. 
23H, ,0,Br, De di Bieta af-dibromo-f-(6-bromo-3:4-methylenedioxypheny]l)ethyl 

etone, 97. 

C,,H,,ON 3-Acetylindeno(2’:3’:2:1)-8-naphthindole, 1536. 

C,,H,,0,N Diphenyl triketone f-anil oxide, 1429. 

C.,H,,0,Br 1-Methoxy-2-naphthyl 6-bromo-3:4-methylenedioxystyryl ketone, 96. 

C,,H,,0,Cl 1:2':4’ -Trihydroxy-4-(3”:4’-dihydroxy phenyl)flavyliam chloride, 1018. 

C,,H,,ON, Benzil benzaldehyde azine, 262. 


C,,H,,0,N, Ethyl 9-(2’-nitrophenyl)carbazole-3-carboxylate, 1954. 
C.,H,,0.N Ethyl 9-phenylcarbazole-4’-carboxylate, 1953. 
CxyH/0.N Acetyl-3:6-diphenylanthranilic acid, 395. 


ethyl a-benzamido-f-2-naphthylacrylate, 201. 
C,,H,,0,Br Bromo-o-anisoyl-2-methoxy-3-naphthoylmethane, 1682. 
C,,H,,0,.N, Ethyl 9-(2’-aminophenyl)carbazole-3-carboxylate, 1954. 
C,,H,,0,N, Dunnione 2:4-dinitrophenylhydrazones, 1526. 
a- and £-Lapachone 2:4-dinitrophenylhydrazones, 1528. 
C.,H,,ON m-Dibenzylaminobenzaldehyde, 1094. 
C,,H,,0,C1 Dimethoxytriphenylmethy] chlorides, 36. 
oF 2:4’-Dimethoxytriphenylmethyl bromide, 36. 
C,,H,,ON, m-Dibenzylaminobenzaldoxime, 1094. 
C.,H,,0,8, Di-(5-methoxy-3-carboxy-2-methyl-4-thienyl)phenylmethane, 1117. 
C.,H..N,I 1-Methyl-1’-ethyl-2:2’-azacyanine iodide, 148. 
3-Nitro-5-8-piperidinoethylamino-7-methoxyacridine, 477. 
C,,H,,0;N, 2-(y-m-Methoxyphenylpropyl)cyclopentanone 2:4-dinitrophenylhydrazone, 1405. 
O.N, 3. Aoctamido-6-n-butylamino-7-ethoxyacridine, 478. 
Artabotrine methine, 996. 
yy eh ey eta er RP tg 478. 
1-B-Curcumenal 2:4-dinitrophenylhydrazone, 1509. 
C,,H,,ON f-Curcumenylanilide, 1509. 
C.,H,,0,N 4-isoPropyleyclohexyl-l-carbinyl a-naphthylurethanes, 1247. 
C,,H,,0,N Dihydroartabotrine methine, 996. 
C,,H,,0 Tetra-acetyl B-benzylglucosaminide, 277. 
C,,H,,ON, 4-Benzamidodiisobutylaniline, 1385. 


21**25 


21 IV 


C.,H,,0,N,Cl 6-Chloro-3-(2’-carboxyanilino)phthalanil, 138. 
C,,H,,0,N,Br 1-Phenylisoquinoline 2:4-dinitrophenylhydrazone, 361. 
C.,H,,ON,I 2:1’-Diethyloxa-4’-cyanine iodide, 150. . 
C,,H,,N. 2:1’-Dietliylthia-4’-cyanine iodide, 1012. 

C.,H,,0,NI Artabotrine methiodide, 995. 


C,, Group. 


C.,.H,, 2:5:2’:5’’-Tetramethyl-p-terphenyl, 1287. 
22 I 


C.,H,,0, 13:14-Dihydroxypentacene-11:12-quinone, 401. 
C,,.H,,N, 3:4:8:9-Dibenzo-5:10-diazapyrene, 1115. 
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Formula Index. 


C..H,,0 1:2:3:4-Dibenz-9-anthrone, 493. 
C..H,,0, -Naphthil, 200. 
160 oxy-f-naphthoin, 200. 
C.,H,,0, p- Nap thoin, 200. 
o0-9- Ng Pe ton we ar newer acid, 493. 
C,.H 1-p- -Benzyloxy benzylidenecoumarin- 2-one, 1005. 
4’-Benzyloxyflavone, 1005. 
9: 10-Dihydroxyphenanthrene ee per poe ether, 1432. 
Coal ,0, (1:2-Benzanthranyl-10-methyl)malonic acid, and its sodium salt, 805. 
enzyloxyflavonol, 1005. 
0,,H,,0 Phenyl £-phenyl-f-p- : wee ketone, 435. 
Hera 2 Hydro-f-naphthoin, 200. 
C..H,,0, o-Hydroxyphenyl p-benzyloxystyryl ketone, 1004. 
Methyl 3:6-diphenylphthalate, 394. 
Xyloquinol dibenzoates, 544. 
5-Acetoxy-6- phenylacetyl-4- methylcoumarin, 1253. 
Elliptone acetates, 1103. 
O-Acetylelliptolone, 1426. 
1:5-Dianilinonaphthalene, 1115. 
5- Asthiglaldnhgdep-thgiamincentl, 4. 
B- 26-Dibenr -B-phenyl-8-p-tolylpropiophenone, 435. 
benzyloxyacetophenone, 1924. 
-Di-(3: 4-dimethoxybenzyl)succinic acids, and their salts, 154. 
yloquinol dibenzyl ethers, 54 
2: 2: a :5’’-Tetramethoxy-p-terphenyl, 1286. 
Methyl 4:7-dimethoxyphenanthrene-1-8-propionate-2-carboxylate, 1401. 
Ethyl 1 1-pheny]-1:2:3:4-tetrahydronaphthalene-2:3-dicarboxylate, 1239. 


af-Di-(3:4-dimethoxybenzyl)succinic anhydrides, 155. 
6:7-Dimethoxy-1-(3’:4’- Sushangabenalt Uhiek tebe ineaahiialend th 3-dicarboxylic acid, 


5:7-Dimethyl-8-8-phenylpropionyl-2:2-dimethylchroman, 1260. 
aB-Di-(3:4-dimethoxybenzyl)butyrolactones, 155. 
Calycanthine, and its salts, 510. 
3: 4Di- (3’:4’ -dimethoxybenzyl)tetrahydrofuran, 1056. 
1-(3’:4’- Dimethoxypheny]l)-2:3-dihydroxymethy]-1:2:3:4-tetrahydronaphthalene, 1240. 
C..H,,0, «5-Bis-(3:4-dimethoxypheny]l)- Ann ce aro 1240. 
a3- Di- (3:4-dimethoxy pheny]l)-By-di(hydroxymethyl)butane, 1056. 
C.2H,0, a-Hydroxy-a8-di-(3: Cindienge enyl)-By-di(hydroxymethyl)butane, 1057. 
C..H3.N, 3. 3’-Bisdiethylaminobenzylideneazine, 1093. 
C..H,,0, Ethyl 1-8-3-isopropylphenylethyl-2:6-dimethyl-4*-cyclohexene-2-carboxylate, 1302. 
erruginyl acetate, 1034. 
C..H;,0, Acetylmarrubic acid, 588. 
C.,H;,As, Ethylene-af-bis(phenyl-n- Hmm ag 613. 
C..H,,N Cetylaniline, and its hydrochloride, 4 
C..H,,As, o-Phenylenebis(di-n-outylarsine), 612. . 


22 I 


C.,H,,ON 1-Benzoylindeno(2’:3’:2:3)indole, 1535. 
C..H,;0,C1 9:10-Dihydroxyphenanthrene p-chlorophenylmethoxymethylene ether, 1432. 
FR Aa 6-bromo-3:4-methylenedioxystyryl ketone, 96. 
Fg sm nt ton af-dibromo-p-(6-bromo-3:4-methylenedioxyphenyl)ethyl ketone, 97. 
1-p-Benzyloxybenzylidenecoumaran-2-one dibromide, 1005. 
C..H,,0,N, Benzoylformyloxindole nitrophenylhydrazones, 193. 
Cast, /O8 Diphenyl-2-quinolylcarbinol, 811. 
C.,H,,0.N f§-Naphthoin oxime, 200. 
C..H,,0.N; ee eo me arte phenylhydrazone, 193. 
C..H,,0,N Phenyl p-tolyl triketone f-anil oxide, 1430. 
170;Br, 4-Bromo-l-methoxy-2-naphthyl a-bromo-f-methoxy-f-(6-bromo-3:4-methylenedioxypheny]l)- 
ethyl ketone, 97. 
C..H,,N.I 5- (m-Nitrostyryl)acridine methiodide, 4. 
C..H,,ON, 2-Methoxy-2’-methyl-a-azonaphthalene, 1315. 
2 SS -p-tolylphthalimide, 127. 
1s0;Br, droxypheny] af- ee a — amemnene ketone, 1004. 
OnH,O.8 So hea -p-anisylphthalimide, 137. 
O49" :4’-Diacetamidopheny]l)carbazole, 1952. 
3-Nitro-5-p-anisidino-7-ethoxyacridine, 478. 
Ethyl 4-phenyl-6-(6’-bromo-3’:4’-methylenedioxypheny]l)-4*-cyclohexen-2-one-1-carboxylate, 97. 
Benzil-p-dimethylaminoanil, 1429. 
Benzil-p-dimethylaminoanil oxide, 1429. 
3:6- Di-p-toluidino hthalhydrazide, 139. 
3-Amino-5-p-anisidino-7-ethoxyacridine, 478. 
o inoctlisepropylidenndi de semicarbazone, 1094. 
C,,H,,0, Diacet shivagveyytidunedibeemeleneeicin, 1087. 
C,.H,,0,,N,. Methyl 5-azoxy-4-methoxyphthalate, 1162. 





22 II—23 II Formula Index. 


C..H,;N,I, OF see oe eens dimethiodide, 492. 
C,.H,,0,Br, Dibromo-af-di-(3:4-dimethoxybenzyl)butyrolactones, 155. 


C..H,,0,N, {-m-Methoxyphenylethylcyclohexanol 3:5-dinitrobenzoate, 176. 

C..H,,0,.N, Dinitro-af-di-(3:4-dimethoxybenzyl)butyrolactones, 155. 

C..H,,0,N Acetylartabotrine, 995. 

C..H,,0,N, 3-Nitro-5-8-piperidinoethylamino-7-ethoxyacridine, 478. 

C..H,,0,N 5:7-Dimethoxy-6-8-phenylpropiony]-2:2-dimethylchroman oxime, 1260. 
'e9H»70,,N N-Carbobenzyloxy tetra-acetyl glucosamine, 125. 

C,.H..ON, 3-Amino-5-8-piperidinoethylamino-7-ethoxyacridine, 478. 


aaHyo0,.N, 4’-Nitro-4-ditsoamylaminoazobenzene, 1384. 
C..H,,0,N, Mitragynine, and its salts, 986. 
C..H, Ethylene-cf-bis(phenyl-n-butylarsine sulphides), 614. 
C..H,,ON, N-Nitrosocetylaniline, 5. 
C..H,,0,8, 1:3-Dioctyloxybenzenedisulphonic acid, 1833. 


22 IV 
C..H,,0.N,Br 1:3-Diphenyl-5-(6’-bromo-3’:4’-methylenedioxyphenyl)pyrazole, 97. 
eH ,,0,N.Cl1 4-Chloro-3-p-toluidino-N-p-tolylphthalimide, 137. 
6-Chloro-3-p-toluidino-N -p-tolylphthalimide, 138. 
C..H,,0,N,Br 1-Benzylisoquinoline 2:4-dinitrophenylhydrazone, 361. 
C..H,,0,N,8 pp’-Bis-(2-pyridylamino)diphenylsulphone, 1202. 
C..H..0,N,8 3-Acetamido-5-p-amidosulphonylanilino-7-methoxyacridine, 477. 
C..H,,0,N,Cu Cupric acetoacetomethylanilide, 489. 
Cupric acetoaceto-m-toluidide, 488. 
C..H,,0,NI N-Methylartabotrine methiodide, 995. 
C..H,,0,N,8 4-Diisoamylaminoazobenzene-4’-sulphonic acid, and its potassium salt, 1384. 
C..H;,Cl. Ethylene-af-bis(phenylbutylarsine)dichloropalladium, 1632. 
C..H,,0,NAs N-Palmitoylarsanilic acid, 3. 
C..H,,Cl,As,Pd o-Phenylenebis(di-n-butylarsine)dichloropalladium, 1631. 


C,, Group. 


C,,H,,0, 2-2’-Naphthyl-6:7-benzochromone, 1683. 
Naphthyl-7:8-benzochromones, 1680. 
C,,H,,0, 2-(3’-Hydroxy-2’-naphthy])-7:8-benzochromone, 1681. 
Hydroxynaphthylbenzochromones, 1683. 
C.,H,,0, 1-Hydroxydinaphthoylmetbanes, 1680. 
Naphthoyloxy-2-acetonaphthones, 1680. 
C.;H,,0, BN aphthoin methyl ether, 200. 
C.;H,,0, 2:5-Dibenzoyloxy-6-methoxyacetophenone, 959. 
'egFl2g0, p-Tolyl p-benzyloxystyryl ketone, 1004. 
23F1220, a sy properties of, 812. 
C.;H,,0, Methyl 7-methoxy-4-ethoxyphenanthrene-1-8-propionate-2-carboxylate, 1403. 
C.,H,,N, 5-Ketoruban phenylhydrazone, 1243. 
C,,H.,0, 6:6’-Dihydroxyhexamethylbis-1:1’-spirohydrindene, 1422. 
230, Tetrahydrosumatrolic acid, 1603. 
C.,H,,N N-Methyl-N-cetylaniline, and its hydrochloride, 5. 


23 I 


C.,H,,0D, Hexadeutero-1-(a-hydroxybenzyl)-3-benzylideneindene, 430. 
C,,H,,0,N, Phenyl 1-naphthyi ketone 2:4-dinitrophenylhydrazone, 948. 
C.,H,,0,N, 2:3-Diphenyleyclopentenone 2:4-dinitrophenylhydrazone, 570. 
3:4-Diphenyl-4*-cyclopentenone 2:4-dinitrophenylhydrazone, 569. 
C,,H,,0,N, 2:6-Di-p-nitrobenzoyloxy-3-formylacetophenone, 951. 
3H 90,Cl p-Tolyl a-chloro-p-benzyloxystyryl ketone, 1005. 
C.,;H,,0,.Br p-Toly] a-bromo-p-benzyloxystyryl ketone, 1005. 
C,;H,,0,N; Desvcathanaytestinddie p-methoxyphenylhydrazone, 195. 
CroH.0,Br, 4-Bromo-1-methoxy-2-naphthyl a-bromo-f-ethoxy--(6-bromo-3:4-methylenedioxypheny])- 
ethyl ketone, 97. 
C.;H,,0,Cl, p-Tolyl af-dichloro-8-p-benzyloxyphenylethyl ketone, 1004. 
C.,H,,0,Br, p-Tolyl a8-dibromo-f-p-benzyloxyphenylethyl ketone, 1004. 
C.,H.,.0,N, Diphenyl triketone £-p-dimethylaminoanil oxide, 1429. 
23690,N, trans-2:3-Diphenyleyclopentanone 2:4-dinitrophenylhydrazone, 571. 
3:4-Diphenylcyclopentanone 2:4-dinitrophenylhydrazones, 569. 
,,H,,ON yé-Diphenyl-4¢-pentenoanilide, 1415. 
C,,H,,0,Br p-Tol Jot net om droxy-f-p-benzyloxyphenylethyl ketone, 1005. 
C,,H,,0,Br o-Hydroxyphenyl a-bromo-f-methoxy-8-p-benzyloxyphenylethyl ketone, 1004. 
C.,;H,.,ON 5-Diphenyl-n-valeranilide, 1415. 
C. 1:1’-Diethyl-2:4’-cyanine iodide, 1012. 
Di-( fe Rg Reena a eS 1117. 
7:7’-Dibromo-6:6’-dihydroxyhexamethy]bis-1:1’-spirohydrindene, 1423. 
Linalool xenylurethane, 1500. 
3-Acetamido-5-8-piperidinoethylamino-7-methoxyacridine, 478. 
2024 





Formula Index. 


C.;H,,0,N N-Benzoyl trimethyl benzylglucosaminides, 278. 
C.;H;,,0N, 4-Benzamidodiisoamylaniline, 1384. 

23 IV 
C.;H.,N,IS, 2:2’-Diethyl-5:6-benzthiacyanine iodide, 149. 
C.;H,;0,NS, 1-Piperidino-2:4-diphenylsulphonylbenzene, 906. 
C.;H,,0,NS O-Methylartabotrine methosulphate, 995. 
C,;H,;0,N,I Mitragynine methiodide, 988. 


23 V 
C,;H,,0N,IS 2:2’-Diethyl-5:6-benzoxathiacyanine iodide, 149. 


C,, Group. 


C..H,,0, 9:10-Dihydroxy-1-phenylnaphthacene-11:12-quinone, 401. 
4H 1.0, 2-(3’-Methoxy-2’-naphthyl)-7:8-benzochromone, 1681. 
7 hthylbenzochromones, 1683. 
C.,H,,0; ethoxydi-2-naphthoylmethane, 1682. 
C.,H,,0, r -Hydroxy- -3’-methoxy-2:2’-dinaphthoylmethane, 1681. 
1-3’-Methoxy-2’-naphthoyloxy-2-acetonaphthone, 1680. 
Bisbenzeneazodiphenyls, 1315. 
Methy] £-phenyl-8-anthronylethyl ketone, 948. 
o-Acetoxypheny] p-benzyloxystyryl ketone, 1004. 
9:10- oye. methyl)-1:2-benzanthracene, 806. 
C.,.H,,N N-(1:2 “Bensanthranyl-10-methyl)piperidin, and its hydrochloride, 805. 
C.,.H,,0, 6:7-Methylenedioxy-1-(3’:4’-methylenedioxypheny])-1:2:3:4-tetrahydronaphthalene-2:3-dicarb- 
oxylic acid, 1240. 
ar ay oelliptone diacetate, 1103. 
C,,H,,0 thyl hydrogen 6:7- dimethoxy-1- (3’:4’-dimethoxy pheny])-1:2:3:4-tetrahydronaphthalene-2:3-di- 
carboxylate, 1239. 
Methyl 6:7-dimethoxy-1-(3’:4’-dimethoxypheny])-1:2:3:4-tetrahydronaphthalene-2:3-dicarboxylate, 1239. 
C.,H,,0, «8-Bis-(3:4-dimethoxypheny]l)-fy-di(formoxymethyl)butane, 1240. 
Methy] bis-(3:4-dimethoxy benzyl)succinates, 1240. 
C,,H,,As, Ethylene-af-bis( phenylmethyl-n-butylarsine), picrates of, 613. 
C..H,N, Decanebis-(N -agubenplensbennediind, and its dihydrochloride, 1256. 


OOM mee (pene oe -N — as 137. 
e 


4H,,0,N, nyl 7-methyl-1-naphthyl ketone 2:4-dinitrophenylhydrazone, 947. 
C.. H,,0,8, 2:4-Diphenylsulphonyldiphenyl] sulphide, 906. 
1:2:4-Triphenylsulphonylbenzene, 906. 
C,,H,,NCl 1:2-Benzanthranyl-10-methylpyridinium chloride, 805. 
C.,H,,0O,.N Ethyl 1:9-phenylenecarbazole-3:6-dicarboxylate, 1955. 
C.,H.,0,N, 3-Ketohexahydrochrysene 2:4-dinitrophenylhydrazone, 1741. 
C.,H..0,Br, 0-Acetoxyphenyl af-dibromo-8-p-benzyloxyphenylethyl ketone, 1004. 
C.,H.,0,N, Ethyl 9-(2’-nitrophenyl)carbazole-3:6-dicarboxylate, 1955. 
C.,H,,0,As Triphenylarsine phenoxyhydroxide, 869. 
C,,H,,0,N Ethyl 9-phenylcarbazole-3:6-dicarboxylate, 1955. 
Ethyl 9-(2’-aminophenyl)carbazole-3:6-dicarboxylate, 1955. 
p-Tolyl a-chloro-8-methoxy-B-p-benzyloxyphenylethyl ketone, 1004. 
p-Tolyl a-bromo-8-methoxy-B-p-benzyloxyphenylethyl ketone, 1004. 
Sip oxypheny a-bromo-f-ethoxy-8-p-benzyloxyphenylethyl ketone, 1005. 
Borny] 4:4’-dinitrodiphenate, 1543. 
1- Carboxy-4-methylcy hexane-1-succinanil-anilide, 85 
Menthy] 4:4’-dinitrodiphenate, 1541. 
Di-(5-ethoxy-3- cabot methyl-4- thienyl)-4’-hydroxy-3’-methoxyphenylmethane, 1117. 
1-Carboxy-4-methylcyclohexane-1-succinanilide-anilic acid, 85. 


24 IV 


C.,H,,0,NS Nitronaphthyl anthraquinon a sulphides, 1096. 
C,,H,,0,N.Cu a acetoacetethylanili 

1-4’ ~Acsonshteediinn Satramaneiaesibibesi 3. 
C.,H,.0,NAs N-Stearoylarsanilic acid, 3. 


C,, Group. 


C.;H,, Diphenyl-3-acenaphthylmethane, 309. 
25 I 
Cre, 2-(3’-Acetoxy-2’-naphthy]l)-7:8-benzochromone, 1681. 


Acetoxynaphthylbenzochromones, 1683. 
C,,H,,.N, 2-Phenylfluorenone phenylhydrazone, “oa 
25 





25 11—26 IV Formula Index. 


C.;H,,Cl Diphenyl-3-acenaphthylmethyl chloride, 309. 
C,;H,,.Br Diphenyl-3-acenaphthylmethyl bromide, 309. 
C,;H,.0 Diphenyl-3-acenaphthylearbinol, 308. 
C,,H.,.0, 2:3’-Dimethoxy-1:2’-dinaphthoylmethane, 1682. 
Di-(1-methoxy-2-naphthoyl)methane, 1682. 
C,;H.,0,, Acetylvitexin, 1636. 
C,;H..0; 5-Trityl methyl-l-arabofuranoside, 754. 
C,;H,,.0, Hexamethoxytetrameth nee gpeseiaaton, 199. 
C,;H;,0, 6:6’-Dimethoxyhexamethylbis-1:1’-spirohydrindene, 1423. 
C,;H,,0, 6:7:6’:7’-Tetramethoxy-4:4:4’:4’-tetramethylbis-2:2’-spirochroman, 198. 
C,;H,,.0, trans-p-Cetyloxycinnamic acid, 425. 
25 I 
C,;H.,0,N, Phenyl 7-ethyl-l-aaphthyl ketone 2:4-dinitrophenylhydrazone, 948. 
25H220,N, ag ae eee ny meg ere 2:4-dinitrophenylhydrazone, 1742. 
C,,H,,0,N, .  gaaaaeaaaamas a eto-9:10-dihydro-1:2-cyclopentenophenanthrene 2:4-dinitrophenylhydr- 
azone, ‘ 
C,;H,,0,N 4-p-Nitrobenzoyloxy-7-methoxy-1:2:3:4-tetrahydro-1:2-cyclopentenophenanthrene, 1401. 
C,;H,,0,N, Ethyl 5-benzyloxy-3-methoxy-2-formylphenoxyacetate 2:4-dinitrophenylhydrazone, 931. 
C,;H,,0,Cl p-Tolyl a-chloro-f-ethoxy-f-p-benzyloxyphenylethyl ketone, 1004 
C,;H,,0,Br p-Tolyl a-bromo-f-ethoxy-8-p-benzyloxyphenylethyl ketone, 1004. 
C,;H,,0,8, Di-(5-n-propoxy-3-carboxy-2-methy 4-thlonglighalatmstbemn, 1117. 
C,;H,,0,N, 11:12-Diketocholanic acid semicarbazone, 540. 


25 IV 
C.,H,,0,NS, 1-Piperidino-2:4-di-p-tolylsulphonylbenzene, 906. 


C,, Group. 
C.,H,, 1:4-Diphenylanthracene, 397. 
26 


C,.H,,0, 1-Benzoyl-2-phenylfluorenone, 395. 
1:4-Diphenylanthraquinone, 397. 
1:5-Diphenylanthraquinone, 396. 
C,,H,,0, 2-Benzoyl-3:6-diphenylbenzoic acid, 394. 
C,,H,.0 9-Hydroxy-1:4-diphenyl-9:10-dihydroanthracene, 397. 
C.,H..S Fer pap meee oo sulphide, 1074. 
C.,H..0 Phenyl-p-anisyldiphenylylmethane, 306. 
220, Phenyl-p-anisyldiphenylylcarbinol, 305. 
C,,H,,0, 1:5-Diphenyloctahydroanthraquinone, 396. 
C..H,,0, Ethyl (1:2-benzanthranyl-10-methyl)malonate, 805. 
C.,H,,As, Ethylene-af-bis(diphenylarsine), 613. 
C.,H..0, p-Phenylphenacyl 1-y-p-tolyl-n-valerate, 1507. 
2eHys0, 6-Trity! a-methylgalactopyranoside, 1735. 
C.,.H,,.N, 3:3’-Didiallylaminobenzylideneazine, 1094. 
Crete, Ethyl 6:7-dimethoxy-(3’:4’-dimethoxypheny])-1:2:3:4-tetrahydronaphthalene-2:3-dicarboxylaie, 


C..H;,0, : Ethy] bis-(3:4-dimethoxybenzyl)succinates, 1240. 


26 I 


C..H,,0,Br, Tetrabromo-1:4-diphenylanthraquinone, 397. 
eeH,,0,Br, Dibromo-1:4-diphenylanthraquinone, 397. 
C..H,,0,N, Dinitro-1:4-diphenylanthraquinone, 397. 
17 ME Nearer Severe tn henylbenzoic acid, 395. 
C,,H,,0,N, 2-Phenylfluorenone-l-carboxylic acid phenylhydrazone, 395. 
C,.H,,0,N, 3:6-Dianilinophthalanil, 137. 
C,.H.; A ear sen, pat 1 chloride, 306. 
C,,H,,0,Br Ethyl 4-(1’-hydroxy-2’-naphthyl)-6-(6”-bromo-3”:4’’-methylenedioxypheny])-4?-cyclohexen-2- 
one-1-carboxylate, 97. 
C.,H.,0,N, Phenylazo-5:7-dihydroxy-f8-phenylpropiony]-2:2-dimethylchromans, 1592. 
C..H..N.Cl 4-Phenylamino-2-p-dimethylaminostyrylquinoline methochloride, 491. 
C..H..N,I 4-Pheny. ee are anioatine methiodide, 491. 
C..H,,0,,N, Hexamethoxybenzoin 2:4-dinitrophenylhydrazone, 91. 
C,.H.,0,N | N-Benzoy] triacetyl f-benzylglucosaminide, 278. 
C..H,,0,N, 1-Carboxymethylcyclohex in-p-methylanil-p-toluidides, 85. 
C.,H;,0,N, dl-p-Phenylenebisiminocamphor, resolution of, 1569. 
320,N, 1-Carboxy-2-methylcyclohexane-1-succindi-p-toluidide, 86. 
C..H,,0,N, 8-Palmitamido-6-methoxyquinoline, 4. 
26 IV 
C..H,,0,N,8 6-Benzenesulphony]-2:3-diphenylquinoxaline, 905. 
C.,.H..0,N.S ay Serr ee eee disulphide, 762. 
C,,H,,0l,As,Pa Ethylene-af-bis(diphenylarsine)dichloro ium, 1632. 
2026 
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Formula Index. 26 IV—29 II 


C..H;,0,N,8 Dihydroniquidine phenylihiocarbamide, 245. 
C,,H;,0,N,Pd isoButylenediaminomesostilbenediaminopalladous diacetyltartrates, 1757. 


26 V 
C..H,,0,N,C1.8, 4:4’-Dichloro-2:2’-bisbenzenesulphonylcarbamyldipheny! disulphide, 762. 


C,, Group. 


C,,H,,0, s-Tris-5-methyl-2:3-coumaronobenzene, 280. 
7H200, 2-p-Methoxybenzoyl-3:6-diphenylbenzoic acid, 394. 
C,,H,.0, Benzhydryl carbonate, 313. 
7-Hydroxy-5-benzyloxy-8-8-phenylpropiony]-2:2-dimethylchroman, 1260, 
2g0, Dehydrotetrahydrosumatrol, 1604. 
C,,H;,,0, 5-Trityl 2:3-dimethyl methyl-l-arabofuranoside, 754. 
7320, Tetrahydroxy-8:8’-diacetyl-2:2:2’:2’-tetramethyl-6:6’-dichromanylmethane, 1586. 
5:7:5:7’-Tetrahydroxy-6:6’-diacety]-2:2:2’:2’-tetramethy].8:8’-dichromanylmethane, 1593. 
C.,H,,0, Ferruginyl benzoate, 1034. 
C.,H,,0, 5-Methylnorcholestane-3:6:11-trione-8:9-oxide, 1002. 
7Hy0, Sarcostin triacetate, 741. 
C.,H,,0, Cholestane-3:6-dione 2:5-oxide, 1082. 
5-Methylnorcholestane-3:6-dione-8:9-oxide, 1001. 
Smilagenone, m.p. of, 1201. 
C.,H,,0, Cholestane-3:6-dione, 1082. 
A*-Cholesten-6-ol-3-one, 1081. 
5-Methy]-4%14%1_norcholestadiene-3:6-diols, 1003. 
C.,H,,0, Cholestan-6-ol-3-one 2:5-oxide, 1082. 
Nitogenin, 801. 
C.,H,,0, Methyl 3-acetoxycholanate, 541. 
5-Methylnorcholestane-3:6-diol-11-one-8:9-oxide, 1002. 
C,,H,,0, 5-Methyl-4**-norcholestene-3:6:11-triol, 1002. 


27 Oi 


C.-H.,0,8, 2:4-Di-p-tolylsulphonyl-4’-methyldipbenyl sulphide, 906. 
C.,H,,0,S, pon wk an ha 906. 
C.,H,,0,N; m-Dibenzylaminobenzaldehyde 2:4-dinitrophenylhydrazone, 1094. 
27 IV 
C.,H,,0ON,I p-Acetamidophenylamino-2-p-dimethylaminoanilomethylquinoline methiodide, 492. 


2744284 


C,, Group. 


C..H,, 9-Phenyl-1:2:3:4-dibenzanthracene, 493. 
28 


C.,H,,0, 13:14-Dihydroxy-9-phenylpentacene-11:12-quinone, 401. 
iN, 2:3-Di-8-naphthylquinoxaline, 200. 

C.,H,.0, Methyl 2-p-methoxybenzoyl-3:6-diphenylbenzoate, 394. 

C.,H,,0, 2:3-Dibenzoyl 4:6-benzylidene £-methylgalactoside, 1249. 

Cc O, 2:3:6-Tribenzoyl B-methylgalactoside, 1249. 


28 I 


C,,.H 3-8-Naphthylamino-N-8-naphthylphthalimide, 137. 

On OR 3:5. Di (2 -oorboxyeailinoyphthaleeal, 138. 

C.,H;,0. 1-8-Curcumenal p-xenylurethane, 1509. 

On ON, 4-Nitro-N-cetyldiazoaminobenzene, 1386. 
4’-Nitro-4-di-n-octylaminoazobenzene, 1385. 


28 IV 


C.,H.,0,N,Ni Benzil hydrazone nickel complex, 260. 
O,N.S, 2:2’-Dimethyl-3:4-benzoxathiacyanine p-toluenesulphonate, 150. 


C.,.H.,0,N.S8, 2:2’-Bis-p-toluenesulphonylcarbamyldipheny] disulphide, 761. 

C.3H,,ON,' 4-p-Acetamidophenylamino-2-p-dimethylaminostyrylquinoline methochloride, 492. 

C.,H,,ON,I 4-p-Acetamidophenylamino-2-p-dimethylaminostyrylquinoline methiodide, 491. 
,0,N,As 4-Cetylaminoazobenzene-4’-arsonic acid, 3. 

C..H,,Cl,As,Pd Bis(phenyldi-n-butylarsine)dichloropalladium, 1631. 

C..H,,Cl,As,Pd, Dichlorobis(phenyldi-n-butylarsine)-4-dichlorodipalladium, 1631. 


C,, Group. 


C.,H,.0, Hexahydroxytetramethylbis-1:1’-spirohydrindene, 199. 
C.;H,,0,. 6:7:6’:7’-Tetra-acetoxy-4:4:4’:4’-tetramethylbis-2:2’-spirochroman, 198. 
C,,H,,0, 6-Trityl 2:3:4-trimethyl a-methylgalactoside, 1736. 
C.,5H,,0, 6-Acetoxy-4*-cholesten-3-one, 1081. 
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29 I—31 I Formula Index. 


C.oH,,0, 6-Acetoxycholestan-3-one 2:5-oxide, 1082. 
Nitogenin acetate, 801. 

C.,H,,0, 3-Acetoxycholestan-5-ol-6-one, 1083. 
6-Acetoxycholestan-5-ol-3-one, 1081. 

C.,H,,0, 6-Acetoxycholestane-3:5-diol, 1081. 


29 Il 
C.,H,,0,N, 3:6-Di-p-toluidino-N-p-tolylphthalimide, 138. 
e9H,;0,N, 3:6-Di-p-anisidino-N-p-anisylphthalimide, 138. 
C.,H.;N,8, 3:6-Di-p-toluidino-N-p-tolyldithiophthalimide, 139. 
C.oH,,0,,.Br, 8:8’(or 5:5’)-Dibromo-6:7:6’:7’-tetra-acetoxy-4:4:4’:4’-tetramethy]bis-2:2’-spirochroman, 198. 
C..H,,0,Br, 2:2-Dibromo-6- Pan Meany a Te 1083. 
C..H,,0,Br 2-Bromo-6-acetoxycholestan-5-ol-3-one, 1082. 


29 IV 
C.,H,;ON,I 2:1’-Diethyl-5:5:5’:6’-dibenzoxa-2’-cyanine iodide, 150. 


C,, Group. 
C,H... 9:10-Dipheny]-2:3:6:7-tetramethylanthracene, 348. 


30 0 


C,.H,,0, 9:10-Dihydroxy-1:4-diphenylnaphthacene-11:12- uinone, 401. 
s0H,g0, 2:5-Di-(1’-hydroxy-2’-naphthoyl)terephthalic acid, 400. 
CyoH.,0, 2-a-Naphthoyl-3:6-diphenylbenzoic acid, 394. 
soHeo0, 2-(1’- amen ap 2’-naphthoyl)-3:6- diphenylbenzoic acid, 400. 
C,oH,,0, Rottlerin, 1579, 1587. 
C,oH.,0,, 7-O-Tetra-acetyl-8-glucosidoxy-6-benzoyloxycoumarin, 1267. 
C,.H,,8 Tetra-p-tolylethylene sulphide, 1074 
C,oH,,0, Tetrahydroallorottlerin, 1587. 
C.oH,,0; Bassic acid, 1124. 
Quillaic acid, 1132. 
Quillaic lactone, 1133. 
Quinovic acid, 1760. 
CyoH,,0, iso-a-Amyrenonol, 1078. 
iso-B-Amyrenonol, 1047. 
C,,.H,,0, Betulic acid, and its sodium salt, 1270. 
C,.H,,0; Dihydroquillaic acid, 1134. 
s0H520. Dihydroxy-a-amyrane, 1077. 
Dihydroxy-8-amyrane, 1047. 
30 I 
CyoH,,ON, 2:2:5:5-Tetra-p-tolyl-2:5-dihydro-1:3:4-oxadiazole, 1075. 
soHes0,;N, 2:2:5:5-Tetra-anisyl-2:5-dihydro-1:3:4-oxadiazole, 1075. 
a # Substance, from £-amyrin, cahietion of, 755, 
C3 H;,0Cl Lupeol hydrochloride, 324. 


30 IV 


C.,H..0.N,8 pp’-Bis-(2-quinolylamino)diphenylsulphone, 1202. 
C,oH,,0,;NCl Nudicaulin chloride, 1465. 


C,, Group. 


C,,H.. Triphenyl-1-naphthylallene, 433. 
31 0 
C,,H,.0, 2-(6’-Methoxy-8-naphthoyl)-3:6-diphenylbenzoic acid, 394. 
C,,H,.0,;, 2-(1’-Hydroxy-5’-methoxy-2’-naphthoyl)-3:6-diphenylbenzoic acid, 400. 
C,,H,,0 aay-Triphenyl-y-1-naphthylallyl alcohol, 433. 
ayy-Triphenyl-a-1-naphthylallyl alcohol, 434. 
C,,H,,0, Betulic lactone formate, 1272. 
3:6- Diacetoxy-5-methylnorcholestadienes, 1003. 
C,,H,,0, Methyl bassate, 1127. 
Methyl quillate, 1132. 
C,,H,,0, 3:6-Diacetoxy-5-methylnorcholestan-11-one-8:9-oxide, 1002. 
C,,H;,0, 3:6-Diacetoxy-5-methylnorcholestane-8:9-oxide, 1001. 
3:6-Diacetoxy-5-methyl-4**-norcholesten-11-ol, 1002. 
Methyl dihydrobassate, 1127. 
Methyl dihydroquillate, 1134. 
C,,H;,0, Methyl dihydrobetulate, 1271. 





31 I 


C,,H,,0D; ay-Diphenyl-a-pentadeuterophenyl-y-1-naphthylallyl alcohol, 434. 
ay-Dipheny]-p-pentadeuterophenyl-a-l-naphthylallyl alcohol, 434. 
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Formula Index. 


C;,H,,ON, Vitamin-A ketone p-tolylsemicarbazone, 132. 
C;,H,,0;Br. Methyl dibromobassate, 1127. 


31 IV 
C;,:H,,0,N,Ni Benzil acetone azine nickel complex, 262. 


C,, Group. 
C,,H,, ay-Diphenyl-y-p-tolyl-a-1-naphthylallene, 435. 


32 I 
C;.H..0, 2-(1’-Acetoxy-2’-naphthoyl)-3:6-diphenylbenzoic acid, 400. 
C3.H,.N, 1’-Ketoindeno(2’:3’:1:2)fluorenone bisphenylhydrazone, 396. 
C;,.H,,0, 9:10-Dihydroxy-1:9:10-triphenyl-9:10-dihydroanthracene, 396. 
C;,H.,0, Methyl 2-(1’-methoxy-2-naphthoy]l)-3:6-diphenylbenzoate, 400. 
Methyl] 2-(6’-methoxy-8-naphthoy]l)-3:6-diphenylbenzoate, 394. 
C,.H,,0 ay-Diphenyl-a-p-tolyl-y-1-naphthylallyl alcohol, 434. 
ay-Dipheny]-y-p-tolyl-a-1-naphthylallyl alcohol, 435. 
C,.H,,0, O-Acetylquinovic acid, 1760. 
C,.H;,0, a-Amyradienyl acetate, 1305. 
396590, 180-a-Amyrenony]l acetate, 1078. 
iso-B-Amyrenonyl acetate, 1047. 
C,.H;,0, Betulic lactone acetate, 1272. 
C;2H;,0; Methyl quinovate, 1760. 
32H 520, isoLupenyl acetate, 324. 
C,.H;.0, Ethyl betulate, 1271. 
C,.H;,0, Ethyl dihydrobetulate, 1272. 
C,.H;,0, a-Amyradienol, 1305. 
32 OI 


C,.H,,0,Br, O-Acetyldibromobetulic lactone, 1273. 
C,,H,,0,Br O-Acetylbromobetulic lactone, 1272. 


C,, Group. 


C,,;H,,.N, Tetrabenztriazoporphin, and its metallic salts, 1809. 
C,,H.,0, Dipiperonylidene-3:4-diphenylcyclopentanones, 569. 
C,,H,,0, Tetrahydrorottlerin trimethyl ether, 1584. 

C,;H;,0; Methyl O-acetylbetulate oxide, 1272. 


33 I 


C,;H,.N,Cl Chlorotetrabenztriazaporphin, copper salt, 1819. 
C,;H;,ON, N-Nitroso-N-cholesterylaniline, 4. 


C,, Group. 


C,,H,,0, O-Tetramethyldihydroisorottlerin, 1592. 
34H4s0, Nitogenin benzoate, 801. 
C,,H;,0, Cholesteryl benzoate oxides, 1357. 
C,,H;,0, 5:6-Dihydroxy-3-benzoyloxycholestane, 1358. 
C,,H;,0, Methyl O-acetylquinovate, 1761. 
C,,H;,0; Methyl quillate, acetonyl derivative, 1134. 
C,,H,.0, Diacetoxy-a-amyrane, 1077. 
Diacetoxy-8-amyrane, 1047. 
Ethyl O-acetyldihydrobetulate, 1271. 
34 I 
C,,H,,0,N, Diborny] 4:4’-dinitrodiphenate, 1542. 
C,,H,,0,N, Dimenthyl 4:4’-dinitrodiphenate, 1541. 
C,,H,,ON, Benzeneazostearoylaminonaphthalenes, 3. 
C,H, Br Sarsasapogenin o-bromobenzoate, 1201. 
Smilagenin o-bromobenzoate, 1201. 
C,,H,,0,C1 6-Chloro-3-benzoyloxy-4*-cholestene, 1359. 
C,,H;,0,C1 Chlorohydroxy-3-benzoyloxycholestanes, 1358. 


34 IV 


C,,H.,0,N,Cu, Cupric cupri-p-carboxybenzeneazo-f-naphthol, 835. 
C,,H..0,N,Cu Copper p-carboxybenzeneazo-B-naphthol, 835. 


C,, Group. 


C,;H;,,0, O-Pentamethylallorottlerin, 1591, 
C;;H,.0, O-Pentamethyldihydroallorottlerin, 1592. 


6 R* 












35 11—39 I Formula Index. 


C,;H,,0, O-Pentamethyltetrahydroallorottlerin, 1591. 
C, ;H4.0, a-Laurodidecoin, 578. 
f-Laurodidecoin, 105. 


C;,;H,,0,N Tetrabenzoyl Cain 277. 

C,;H,,0,,8 4-p-Toluenesulphony] 2:3:6-tribenzoyl B-methylgalactoside, 1249. 
3:4:6-Tribenzoyl 2-p-toluenesulphonyl B-methylgalactoside, 1250. 

C,;H,,0.N, 5-Methylnorcholestane-3:6-dione-8:9-oxide o-tolylsemicarbazone, 1001. 

C,;H,;,0,N, Tocopherol p-nitrophenylurethane, 544. 


C,, Group. 


C,,.H.,.0, aa-Di-(4’-hydroxy-1”-naphthyl)-3:4:2’:1’-naphthaphthalide, 400. 
's¢f320, Di-p-phenylphenacyl homocaronate, 1500. 
C,.H,.N, Decanebis-(N N’-diphenylcarbonamidine), 1256. 
C,,H;,0, Triacetylbassic acid, 1128. 
36 I 


C,,H,,0,8 2-p-Toluenesulphony] 3:4-isopropylidene 6-trityl B-methylgalactose, 1249. 


36 IV 
C,,H,,Cl,P,Pd Bis(triphenylphosphine)dichloropalladium, 1631. 
C,,H.Cl,P,Pd, Dichlorobis(triphenylphosphine)-u-dichlorodipalladium, 1632. 


C,, Group. 
C,,H,, 10:10’-Di-(1:2-benzanthranyl)methane, 804. 


37 


C,,H,,0, le pe venata cishexahydrohomophthalate, 175. 
37H440, Benzoyl cinnamoylsarcostin, 741. 
C,,H;,0, a-Amyradienyl benzoate, 1305. 
371520, 180-a-Amyrenonyl benzoate, 1077. 
s7H,,0, a-Amyranonyl benzoate, 1077. 
C,,H;,0, Methyl triacetylbassate, 1128. 
‘37 70/6 a-Myristodidecoin, 1520. 
B-Myristodidecoin, 1142. 
37 Il 
C,,H,,0,N, 6:6’-Dibenzoyloxyhexamethylbis-1:1’-spirohydrindene, 1423. 
s7H1sg0,N, a-Phenylallyl quinidine phthalates, 1699. 
C,,H;,0,N Betulic acid p-nitrobenzoate, 1270. 


C,, Group. 


C,,.H,, Diphenylbisdiphenylene-ethane, preparation and properties of, 30. 
9:10-Dixenylanthracene, 117. 
1:4:9:10-Tetraphenylanthracene, 397. 

C,,H,, 1:4:9:10-Tetraphenyl-9:10-dihydroanthracene, 494. 


3,,H,,0, 1:4:5:8-Tetraphenylanthraquinone, 396. 
ssHy,0, 9:10-Dixenylanthracene photo-oxide, 118. 

C,,H,,0, 9:10-Dihydroxy-9:10-dixenyl-9:10-dihydroanthracene, 117. 
9:10-Dihydroxy-1:4:9:10-tetraphenyl-9:10-dihydroanthracene, 397. 
1-Hydroxybenzhydry]-2:9-diphenylfluorenol, 395. 

C,,H,,0, Tetraphenyldiphenoxyethane, preparation and properties of, 30. 

C,,H,,0, 0-Ethylbebeerilene, 1160. 

38 OI 

C,,H,;,0,N Methyl betulate p-nitrobenzoate, 1271. 
sgflsg0,N, 6-Methoxy-&-cholesterylcarbamidoquinoline, 4. 

C,,H;,0,8 Methyl betulate p-toluenesulphonate, 1271. 

C,,H,,0,N, Stearoylquinine, and its hydrochloride, 3. 


C,, Group. 


Sarcostin glucoside hexa-acetate, 740. 
C,,H,,0, «-Palmitodidecoin, 1520. 
B-Palmitodidecoin, 1142. 
39 OI 


C,,H;.0.N, Cholestane-3:6-dione bisdinitrophenylhydrazone, 1083. 
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Formula Index. 


C,, Group. 


CxoH 500, MeN rete I peroxide, 304. 
C,oH;,0, 9:10-Dimethoxy-1:4:9:10-tetraphenyl-9:10-dihydroanthracene, 494. 


40 I 
C.o0H,,N,I, 2:2’-Bis-p-dimethylaminostyryl-4:6’-diquinolylamine dimethiodide, 492. 


; C,, Group. 
C,,H,,0, Octahydrorottlerone, 1586. 
Octahydroallorottlerone, 1593. 
C,,H,,0, a-Decodimyristin, 1520. 
-Decodimyristin, 1142. 
a-Stearodidecoin, 1520. 
B-Stearodidecoin, 1142. 
C,, Group. 
C,:H,,0, Dimethoxytriphenylmethyl peroxides, 37. 
C,,H,,N, 3:3’-Bisdibenzylaminobenzylideneazine, 1094. 
C,, Group. 
C,,H;,0,N, Benzeneazocholesterylaminonaphthalenes, 3. 
C,,H,,0,N, 4’-Nitro-4-dicetylaminoazobenzene, 1385. 
C,, Group. 


C,;H,,0, O-Tetramethylrottlerone, 1584. 


C,, Group. 
C,sH,,0,N, Cholesterylquinine, and its hydrochloride, 12. 

C,, Group. 
C,,H,,0, «-Stearodimyristin, 1520. 

B-Stearodimyristin, 1142. 

C;) Group. 
Cso0H,,0, 9:10-Dihydroxyhexapheny]-9:10-dihydroanthracene, 397. 
C;oH;,0, Dipheny]-3-acenaphthyl methyl peroxide, 309. 

C,;, Group. 
C;,H,;0,N,Cr Chromic p-carboxybenzeneazo-f-naphthol, 834. 


C;,. Group. 
C,:H,,0, Phenyl-p-anisyldiphenylylmethyl] peroxide, 306. 


C,, Group. 
CeoH,.0, Pyrocalciferol “ pinacol ” diacetate, 253. 





ERRATA. 
VoLt., 1938. 


For “ 1938 ” read “ 1937.” 


Vot., 1939. 
Line. 


7*, 10*, 16* For “ Blanskma ” read “ Blanksma.” 
sH,O, 


For ving IV in formula (IIb), read 
15* For “ number” vead ‘‘ member.” 
In Fig. 1, for ** 3CdCl,,2NiCl, ,6H,O ” vead “ 3CdCl,,2NiCl,,14H,O.” 
26 For" {Na,(#,0),)"*(Cd, (HO) Cl,” read “* [Nag(H,O),]_{Cd,(H,0) .}Cl,.”” 
16 for l angle ” read ** alkyl group.’ 
24 for “* axis ”’ read ‘‘ C—O axis.” 
6 and 5* in the equations read “‘s +1” and“/+1”for“s—1”and“i/—1 





* From bottom. 





2033 


SYMBOLS FOR THERMODYNAMICAL AND PHYSICO-CHEMICAL 
QUANTITIES AND CONVENTIONS RELATING TO THEIR 
USE, ADOPTED AS RECOMMENDED PRACTICE BY THE 
CHEMICAL SOCIETY. 


(Where two or more symbols separated by commas or semicolons are given for a 
quantity, these symbols are to be regarded as alternatives for which no pre- 
ference is expressed. On the other hand, where two symbols are separated 
by a dotted line, the former is the first preference.) 


41. To be Printed in Black Italic. 
(Certain important physical constants.) 


Faraday’s constant. 
Mechanical equivalent of heat. 
Avogadro’s number. 
Gas constant per mol. 
\Rydberg’s constant. 
Velocity of light in vacuo. 
Electronic charge (charge equal and opposite in sign to that of an electron). 
Acceleration due to gravity (standard value, if variation from standard is 
significant). 
Planck’s constant. 
Boltzmann’s constant. 
m_ Rest mass of an electron. 


2. To be Printed in Ordinary Italic, when not Greek. 
General Physics and Chemistry. 


as 205 


es 828086 


Length . 
mean free path of molecules 
height . 
diameter, distance 

diameter of molecules 
radius . ° 


Mass ° : 
molecular weight : 
atomic weight 

atomic number 
gram-equivalent weight . 


EF Aas 


Time ‘ 
time interval, eesiiae half- or mean-life 
frequency . 

Velocity . : ‘ 5 ‘ , P . c, (u, v, w) 
of ions ‘ : . ‘ . : . % (with subscript) 
an; ° : . : . . - @ 

Acceleration . ; ° ; ’ Jursrve 
due to gravity (as variable) . Z 


2 227" NN 
nowy 





Force 

Moment of inertia 

Pressure . . 
especially osmotic . 


> = 
uv 


Volume . 
Density . 
Compressibility 


Viscosity 

Fluidity . 

Surface area . 

Angle of contact 

Surface tension 

Parachor 

Surface concentration excess 


Number of mols 
Concentration, mol fraction 
in other terms 


Se 
- 
by 


TN Sh OS xD 
gli : 


R 


2) 


Solubility ‘ 
Diffusion coefficient . 


Chemical equilibrium constant ae reactants) 
solubility product . ° 

Velocity constant of chemical reaction 

Number of molecular collisions per second . 

Partition function ° : 


Efficiency, of any process . 
Wave function 


a 
- n 
. 
ort 
s 
D 
K 
ie « 
5a 
Z 
_ f 


Heat and Thermodynamics. 


Temperature, on absolute scale, (°K) . 
on other scales. 
Thermal conductivity 


Energy (general symbol) 
Work done by or on a system 


Heat entering a system 
Specific heat 
molecular heat . 
Ratio of specific heats 
Latent heat, per g. 
per mol 


Intrinsic energy , 

Enthalpy, total heat, or heat content . 

Entropy . ‘ ; 

Free energy (Helmholtz) , 

Thermodynamic potential, Gibbs function, free 
energy (G. N. Lewis) . 


D RANG’ HY OP'S Ey FH 
hy 





Vapour pressure constant . 


Chemical potential 
Activity . ° 
coefficient (for molar concentration) 
Osmotic coefficient 
Van ’t Hoff’s factor . 


Electricity. 


Quantity of electricity . 
especially electrostatic charge 
Potential (difference) ; 
Volta potential . ; 
electrokinetic potential . : 
especially electromotive force of voltaic cells 
Potential gradient, in electric field 
Electronic exit work function 
Current . 
Resistance 
specific resistance . 
specific conductance 


Inductance, self 
mutual . 

Electrostatic capacity 

Dielectric constant 


Dipole moment 


Electrochemistry. 


Degree of electrolytic dissociation 
Valency of an ion 
Ionic strength . 


Equivalent conductance 
equivalent ionic conductance, ' - mobility ” as 
Transport number ; 


Single electrode potential . 


Electrolytic polarisation, overvoltage . 
Magnetism. 


Magnetic field strength 
flux . 
permeability 
susceptibility—volume 
mass 
moment 
induction . 


—) 


F*ARN FO BNO FT FO 


=. 


=.“ S8 F 


N NAR 


1 (with subscript) 


T (with subscript) ... 


n (with subscript) 
é (with subscript), 
E (with subscript) 





Wave length A 

Wave number . ‘ ‘ ; . ° . » 

Intensity of light . ‘ , ; ° » & 

Refractive index ; : , ‘ . 1 (with subscript) 

. . . @ (with subscript) 
specific refraction . ‘ ‘ . ° . » (with subscript) 
molecular refraction ‘ : ° R . [R) (with subscript) 

Molar extinction coefficient , > , . € 

Angle of (optical) rotation ‘ m 
specific rotation . ‘ ‘ , . . [a] 

Specific magnetic rotation @ 


3. To be Printed in Roman, when not Greek. 
(a) Examples of Mathematical Constants and Operators. 


Base of natural logarithms ‘ 
Ratio of circumference to diameter 


Differential 

partial 
Increment ‘ 

very small increment 
Sum ; 
Product . ; : . ; . ‘ 
Function ‘ . : ; ; : » &£@ 

(b) Examples of single-letter abbreviations. 


*Ampére (in sub-units) 
Volt ° ° : 


a 

' . : . a 2 

Ohm - . " : ‘ ‘ . —  } 
Watt 


Farad 
Henry 


Centigrade 
Fahrenheit 
Kelvin . 


Angstrom unit 
micron 
metre 


gram 
litre 
R6ntgen unit 


+Normal (concentration) 
{Molar (concentration) ‘ . 
* E.g. “‘ ma.” for “ milliampére”; but “ amp.” is preferred for “‘ ampére.” 
t Separated by a hyphen (and no full stop from a chemical formula which follows it. 


ex 7 PR SEP PSP BSS 
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The following prefixes to abbreviations for the names of units should be 
used to indicate the specified multiples or sub-multiples of these units : 
mega- 10° x 
kilo- 108 x 
deci- 107 x 
centi- 10? x 
milli- 10-3 x 
micro- 10°* x 
e.g., MQ. denotes megohm; kw., kilowatt; and yg., microgram. The use of 
up. instead of mp. to denote 107 cm., or of y to denote microgram is deprecated. 


4. Subscripts and other Modifying Signs. 


(a) Subscripts to symbols for quantities. 
(tom with symbols for thermodynamic functions, referring to 

different systems or different states of a system. 

referring to molecular species A, B, etc. 

referring to a typical ionic species i. 

referring to an undissociated molecule. 

referring to a positive or negative ion, or to a positive or negative 
electrode. 


indicating constant pressure, volume, and _ temperature 
respectively. 

indicating adiabatic conditions. 

indicating that no work is performed. 

with symbol for an equilibrium constant, indicating that it is 
expressed in terms of pressure, concentration, or activity. 

referring to gas, vapour, liquid, and crystalline states, 
respectively. 

referring to fusion, evaporation (vaporisation of liquid), sublim- 
ation, fransition, and dissolution or dilution respectively. 

referring to the critical state or indicating a critical value. 

referring to a standard state, or indicating limiting value at 
infinite dilution. 

with symbols for optical properties, referring to a particular wave- 
length. 

Where a subscript has to be added to a symbol which already carries a 
subscript, the two subscripts may be separated by a comma or the symbol 
with the first subscript may be enclosed in parentheses with the second 
subscript outside. 

(b) Other modifying signs. 

° as right-hand superscript to symbol (particularly to a symbol for a 
general thermodynamic function—see . 5), referring to a 
standard state. 

[J enclosing formula of chemical substance, indicating its molar 
concentration. 

enclosing formula of chemical substance, indicating its molar 
activity. 
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In crystallography it is recommended that : 


Millerian indices be enclosed in parentheses, ( ) ; 

Laue indices be unenclosed ; 

Indices of a plane family be enclosed in braces, { } ; 
Indices of a zone axis or line be enclosed in brackets, [ ]. 


Numerals attached to a symbol for a chemical element in various positions 
have the following meanings : 


upper left |§ mass number of atom. 
lower left nuclear charge of atom. 
lower right number of atoms in molecule. 


e.g, Li; 2H, (= D,). 


ALPHABETICAL INDEX OF RECOMMENDED SYMBOLS, 
and single-letter abbreviations. 


including all those given in the above lists except prefixes, subscripts and 
other modifying signs. 


The name of any quantity for which a given symbol is a second preference 
is printed in parentheses. 


free energy—Helmholtz ; atomic weight; surface area. 

Angstrom unit. 

activity; (acceleration). 

ampére, in sub-units—see footnote, p. 2093. 

magnetic induction. 

concentration; electrostatic capacity. 

with subscript : molecular heat capacity. 

Centigrade. 

velocity of light in vacuo. 

velocity; concentration. 

with subscript : specific heat. 

diffusion coefficient. 

diameter; distance; (density). 

differential. 

partial differential. 

energy; (intrinsic energy); potential difference, especially electromotive 
force of voltaic cells. 

with subscript : single electrode potential. 

electronic charge—charge equal and opposite in sign to that of an electron. 

quantity of electricity, especially electrostatic charge. 

with subscript : single electrode potential. 

base of natural logarithms. 

Faraday’s constant. 

force; (free energy—Helmholtz). 

farad; Fahrenheit. 

acceleration; activity coefficient, for molar concentration; partition 
function. 
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function. 

thermodynamic potential, Gibbs function, free energy—G. N. Lewis. 
acceleration due to gravity, standard value. 

acceleration due to gravity, as a variable; osmotic coefficient. 
gram. 

enthalpy, total heat, heat content; magnetic field strength. 
henry. 

Planck’s constant. 

height. 

moment of inertia; ionic strength; electric current; intensity of light. 
vapour pressure constant; van ’t Hoff’s factor. 

mechanical equivalent of heat. 

gram-equivalent weight. 

chemical equilibrium constant; (compressibility). 

K, solubility product. 

Kelvin. 

Boltzmann’s constant. 

thermal conductivity; velocity constant of chemical reaction. 
latent heat per mol; self inductance; (solubility product). 
latent heat per g.; length; mean free path of molecules. 
with subscript : equivalent ionic conductance, ‘‘ mobility ”’. 
litre. 

molecular weight; mutual inductance; magnetic moment. 
molar concentration. 

rest mass of an electron. 

mass. 

metre. 

Avogadro’s number. 

mol fraction. 

normal concentration. 

number of mols. 

with subscript : (transport number). 

with subscript : refractive index. 

pressure. 

parachor. 

pressure. 

quantity of electricity. 

heat entering a system. 

gas constant per mol; Rydberg’s constant. 

electrical resistance. 

with subscript : molecular refraction. 

radius; (specific resistance). 

with subscript : specific refraction. 

R6ntgen unit. 

entropy. 

solubility; (surface area). 

temperature, on absolute Kelvin scale. 

with subscript : transport number. 

time; (temperature—not on absolute scale). 
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intrinsic energy. 

velocity component. 

with subscript : velocity of ions. 

volume; potential, potential difference, including Volta potential. 

volt. 

volume; velocity; velocity component. 

(work done by or on a system). 

watt. 

work done by or on a system; velocity component. 

force component; potential gradient in electric field. 

mol fraction. 

force component. 

force component; g.-equivalent weight; number of molecular collisions 
per second; atomic number. 

valency of an ion. 
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degree of electrolytic dissociation; angle of optical rotation. 
specific optical rotation. 

surface concentration excess. 

ratio of specific heats; surface tension. 

increment. 

very small increment. 

dielectric constant; molar extinction coefficient. 
electrokinetic potential. 

efficiency of any process; viscosity; electrolytic polarisation, overvoltage. 
angle of contact; temperature—not on absolute scale. 
compressibility; specific conductance; magnetic susceptibility—volume. 
equivalent conductance. 

wave length. 

chemical potential; dipole moment; magnetic permeability. 
with subscript : (refractive index). 

micron. 

frequency ; wave number. 

pressure, especially osmotic pressure. 

product. 

(electrolytic polarisation, overvoltage). 

ratio of circumference to diameter. 

density; specific resistance. 

sum. 

diameter of molecules; (surface tension); (specific conductance). 
time interval, especially half or mean life. 

fluidity; electronic exit work function; magnetic flux. 
function. 

magnetic susceptibility—mass. 

wave function. 

ohm. 

angular velocity; specific magnetic rotation. 
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